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It is impossible to make anything foolproof because fools are so ingenious!

Build a system that even a fool can use, and only fools will use it!

A fool with a tool is still a fool, no matter how good the tool!



General Introduction

There are several facts about databases. Although widely known, I would like to emphasise
some of them here:

Every scientist today needs databases. Even if this is not directly obvious for the own
work (a pencil and a sheet of paper works well for many scientists on the time scale of
months or years), it is surely true with respect to the data of somebody else to be used in
the own scientific work. It might be just an online literature search...

Nobody likes to feed data into a database, although everybody likes to have them already
in and get them out in a comfortable manner.

Nearly nobody — with only a few exceptions like me — thinks it might be fun to program a
database system.

Nobody likes to work her/his way through a complicated, sophisticated database system
that she/he has not designed on her/his own. I am no exception to this fact.

If anybody has programmed an own database system, sophisticated or not, this person will
surely state that it is the most suitable available for any purpose in discussion. Also here, I
am no exception.

But in some cases, the most important reason to create an own database system and to
design it in a way that it finally looks complicated to anybody else is that nobody else can
use it and that therefore nobody else can publish the own data in her/his publications. And
yes, [ want to be an exception to this fact. That’s what this tutorial is all about.

But beside these statements there are several reasons, why a database system is necessary in a
modern  laboratory. Many of them were stated in the LIMS manual
(http://water.usgs.gov/software/lims.html) by Tyler Coplen and in my earlier publication on
the LabData table topology (Suckow & Dumke 2001). Here I do not want to state again these
reasons, but I want to give an overview introduction how LabData does its job. I do this in
several steps: a first step-by-step guide called the “LabData Tutorial” explains what the very
beginner of LabData must do, to set up the system and to get the first data in and out. This is
the document in front of you right now. In a second step the details and secrets (well many
details and a part of the secrets) will be described. Probably this part is a never-ending story,
since LabData evolves as every piece of software evolves that is in actual use by the one who
developed it. This second step is the “LabData Manual”, and believe me, this has much more
pages. Besides these two, there will be “special issues” on special topics. One existing already
is a manual on “Lumpy”, the Lumped Parameter Modelling code integrated in LabData. We
won’t cover that here or in the manual at all.
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Introduction

This tutorial tries to guide the user through the first steps in the use of LabData. The first
paragraph describes hardware and software requirements for the use of LabData. Then a
chapter “Installation” starting at page 5 explains how to install LabData on a computer, with
some explanations on what will happen during this process. It also covers the first steps in
learning how to modify data, how to input results, and it introduces the core of LabData
which consists of the four tables tblSamplings, tbISubSamples, tblProcedures and tblValues.
A thorough understanding of these four tables is necessary to understand LabData. In chapter
“The organizational context...” beginning at page 23 the tutorial explains how to create
Samplings and SubSamples for a new Set of Samplings coming to the lab. The following
chapter then explains some geographical coordinate systems, how LabData deals with them,
and the methods LabData offers to work with data in a geographical context (starting page
29). The final chapters following demonstrate in a step-by-step manner how data can be
imported from spreadsheets into LabData (starting page 34) and exported from LabData into
spreadsheets (starting 41).

Conventions

This Tutorial tries to use consequently the following conventions to enhance readability and
usability:

Bold Bold text denotes pre-defined items that you must select or click in the
software, such as menu items and buttons in a dialog box or form.

Courier Text in courier font denotes text or characters that you must enter from the
keyboard. This e.g. might be a file path or a variable to be entered.

Italic Italic font denotes names of objects like file names or table names.

>> The symbols >> leads you through nested menu items and dialog box
options towards a final action. For instance, the sequence File>>Print
would direct you to pull down the “File” menu and select “Print...”.

& The symbol “&” means that two keys should be pressed together. As a
general Microsoft Windows® convention, available keyboard shortcuts are
indicated by underlined letters. The example File>>Print above therefore
also is available using the “Alt&F>>Alt&P” key combination, holding the
“Alt” key and pressing the “F” and “P” keys.
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Requirements

Hardware

LabData was first developed in the late nineties of the last century on a 400MHz PII with
256MB Ram and 4GB hard disc space. This explains the slightly outdated but still fully
functional user interface with MS Access. So, any common PC available on the market today
will fulfill the hardware requirements both for the server and client side. However, for
ergonomic work, especially using the forms for noble gas analysis, a display with a resolution
of 1280*1024 pixels or more is desirable. Also import and export of large amounts of data
will create the wish for a network connection between client and server that is faster than the
good old token ring. For some of the functionalities with higher numerical workload like
lumped parameter models or Monte Carlo simulations of noble gas temperature errors, the
CPU on the client should be faster and more Ram is desirable. A 2 GHz PC with 1-2 GB Ram
as server and client and a 100 Mbit/s or 1 Gbit/s Ethernet surely enables you to get the results
faster from LabData than your brain can contemplate about them.

Software

LabData is designed as a client-server database system, where the data reside on a central
server accessible from the local area network. Every user has an own Graphical User Interface
(GUID) on her/his PC that can be adjusted to the special needs and preferences of this user.
This GUI connects to the database server via the network and a Windows “Data Source” that
uses the Microsoft Open Database Connectivity® connection (ODBC). In principle server and
client can be on the same machine, but then of course you will not have the possibility of
having several persons working with the same data simultaneously. So LabData suggests that
Microsoft® SQL Server is running somewhere in the local area network as database Server.
The Microsoft® Office Professional software package must be working on every client where
the Graphical User Interface (GUI) of LabData will be installed, and it is necessary that an
ODBC connection can be established to the server computer running Microsoft® SQL Server.
This manual assumes that these prerequisites are given. If this is not the case, you should ask
either your local computer administration to complete the necessary installations. Or you must
buy at least one license of Microsoft® SQL Server and Microsoft® Office Professional and
install it on a network PC. During the export and plot procedures LabData sends its output
(numbers and plots) to MS Excel. Therefore, the user must hold a licence of both MS Excel
and MS Access, which are contained in the MS Office professional package. Further, if you
want to get the benefit of seeing locations and colour-coded concentrations at a glance, you
need to install Google Earth Pro.

Licence

The intellectual property (IP) of LabData was developed at the GGA-Institute in Hannover,
Germany, and was transferred to me (Axel Suckow) in 2004. LabData is distributed under the
GNU public licence agreement (GPL). In short this means that there is no warranty of any
kind, and that the software may be freely distributed as is and may be modified if all
modifications will be distributed under the same GPL agreement (share-alike agreement).
Upon first startup there will be a dialogue window with the licence agreement which must be
accepted. At the second startup this same licence agreement will show a checkmark “Do not
show this message again”. If this is checked (and the licence again accepted) the licence
agreement will not show up again until you install a new version. The licence agreement can
always be displayed from the startup screen when pressing the button Licence:
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Installation

The Tutorial assumes that a drive D: is existing and that you copied the files completely to a
directory called D: \Samples. If you do not have a drive D: or if you prefer to use other
paths your mind should be able to change these variables accordingly throughout this
Tutorial.

After you copied the installation files to your hard disk and after the Microsoft® SQL Server
software is running, the very first step in installation is to create a database. This is done in the
Enterprise Manager, a Sub-Program of Microsoft® SQL Server. In case you have a computer
section that does all the database administration, they will probably do the creation of this
empty database (they did in all places where I installed a productive LabData environment so
far). If not so, you must open the Enterprise Manager (Start>>Programs>>Microsoft SQL
Server>>Enterprise Manager). Here in the left part of the window you select the Server
Group and Server of your choice. Right click on the folder Databases and select New
Database.... Several dialogues then ask you for the name of the database, where you want to
have the database and protocol files created, and what the step size is with which the database
will grow as you put data in. If you are not familiar with these basic things, I would suggest to
just take the default values as they are (they will do a pretty good job) and/or to read a book
introducing Microsoft® SQL Server. In case no computer section administrates your database
— things like backup, rights management and so on — you will wish to consult such literature
anyway.

Creation of the ODBC data source

To connect between the graphical user interface (“GUI” in the following text) and the
database server you need an ODBC data source. This four-letter acronym stands for the
Microsoft Open DataBase Connectivity® standard of connecting clients and server. This
ODBC data source must be created once for every user of LabData, therefore this tutorial will
show the process in detail and step by step. ODBC data sources are managed in the Control
panel: the command combination Start >> Control Panel >> Administrative Tools>> Data
Sources (ODBC) will bring you to something like the following view:
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3 alde ; 5

£ DDBC Data Source Administrator

@Eack @ d l’: /: )

Address | 4 Administrative Tools

UserDSM  System DSN ] Filz DSH ] Driversl Tracwng] Connection F‘ooling} About ]

Mame
[m]
Computer lanagemert Systern Data Sources:
Data Sources (ODBC)
@ Event Yiewer Name | Diiver | Add... |

|SOHIS Databage SOL Server

%SEMEES RCS: C15 Databaze  SOL Server Remove

RCS5: ACS Database  SGL Server

RCS: TC Database  S0L Server Configure. ..

An ODBC System data source stores information about how to connect to
the indicated data provider. A& System data source is visible to &l users
on this maching, including NT services.

ak. Cancel Help

Adds, removes, and configures Open Database Connectivity (ODBC) data sources and drivers, 1.56 KB :-J My Computer

You should then select the panel UserDSN (for a System DSN you need admin rights, but
both works) and press the Add... button. In the following selection you must choose SQL
server as the according database driver:

Create Mew Data Source gl

Select a driver for which you want to set up a data source.

MName [ v ~
icrozoft FokPro WVFP Driver [*.dbf]
Microsaft ODBC for Oracle
Microzoft Paradox Driver [*.db )
Microzoft Paradox-Treiber [*.db ]
ticrozoft Test Driver [ tet; *csv]
Microsoft Text-Treiber (b=t ".csv)
Microgoft Visual FouPro Driver
Microsaft Visual FoxPro-Treiber

S0L Serve

[ it O S Y )

1=

[
|l

Finizh Cancel |

Press Finish. Five different definition steps will follow. In the following dialogue of step 1
you define a name and a description that is visible when you will select this data source in
future and that should be meaningful in your work environment. The following picture shows
what we in JAEA have chosen:
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Create a New Data Source to SQL Server El

Thiz wizard will help you create an ODEC data source that you can use to
connect to SOL Server.

i ‘what name do pou want ko use to refer to the data source?

Mame: |LahDala\ HL

Haow da pou want ta describe the data source?

Descriptior: |LabDala at the [HL Yienna

‘which SOL Server do you want to connect ta?
Server. |[HLABDEDEY -

Finizh | Mest » | Cancel | Help |

In case you plan (or anticipate or are afraid of) being the responsible administrator for several
clients it’s a good idea to create a system data source and to use identical strings for Name and
Description on every client: this way you don’t need to reconnect each time you distribute a
new version of the GUI. In step 2 of the creation of an ODBC data source you must select
how you want to organize your authentication to the database server. All LabData
installations that I had to administrate so far used the Windows NT authentication with the
network login. This is the easiest to administrate access rights to the tables.

Create a New Data Source to SQL Server M_<|

How should SGL Server verify the authenticity of the login 107

+ With Windows NT authentication using the network login 1D i

Wwith SOL Server authentication using a login ID and password
entered by the user.

o lick Chent Configurat
w1e¢  click Client Configuration.
hciozdh
Client Configuration...

Connect to SOL Server to obtain default settings for the
additional configuration options.

< Back | Nest > Cancel | Help |

If you are interested in details on rights management you should consult the LabData manual
and any book on SQL server. In this Tutorial it is assumed that you have full access with no
restrictions to the SQL server database — or spoken in the SQL language: you are the database
owner (dbo).

Step 3 of the creation of an ODBC data source asks you to select the default database. Here of
course you must select the database you created during installation, page 5 of this tutorial.
The database in the isotope hydrology lab in Vienna listens to the wonderful name THLab:
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X

Create a New Data Source to SQL Server

[¥ Change the default database to:

IHLah |

[~ Attach database filename:

| v Use ANSI quoted identifiers.
v Use ANSI nulls, paddings and wainings.

-

< Back | Next > Cancel | Help |

In the last two steps you must define in which language you want the fonts etc. of LabData
defined and you will be shown a summary and be told that the whole process was finished.
The according screens follow:

(X

Create a New Data Source to SQL Server

[~ Change the language of SOL Server system messages to:

| il

W [ Use shiong encryption for data

v Perform translation far character data

r Usze regional settings when outputting currency, numbers, dates and
times.

™ Save long running queries to the log file:

™ Log ODBC driver statishics ta the log file:

Long query time [millizeconds]):

< Back | Finish Cancel | Help |

ODBC Microsoft SQL Server, Setup

(X

& new ODBC data source will be created with the following
canfiguration:

Microsoft SOL Server DDBC Driver Yersion 03.85.1117

Data Source Mame: LabDatalHL

Data Source Description: LabD ata at the IHL Vienna
Server: IHLABDBDEY

Database: HLab

Language: [Default]

Tranzlate Character Data: Yes

Log Lang Running Queries: Mo

Log Driver Statistics: Mo

Use Integrated Security: Yes

Uze Regional Settings: No

Prepared Statements Option: Drop temporary procedures on
diszonnect

Use Failover Server No

Use AMS| Quoted |dentifiers: Yes

Usze AMSI Mull. Paddings and Warmings: Yes

Data Encryption: No

Test Data Source... )3 | Canc:el|

Of course, you can try to test what you did using the button Test Data Source... but I never
experienced any problem with the process, therefore I skipped this picture. But please do not
forget to press the OK button, because otherwise you must repeat all the steps shown...

The following paragraphs show you in detail how to create the tables of LabData, how to

establish a connection from the GUI on a client PC to the tables on the server, how to fill the
tables with the first data and what kind of numerical procedures and triggers exist on the
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server side. For a newbie it is suggested to run through this process at least twice: once to test
and see how the process works, and a second time to establish a new “juvenile” database
structure to work with. In case you learn how to use LabData in an environment where an
installation of LabData is running already I would strongly suggest creating a “training”
database on your server and to run through all the tutorial steps at least once using an ODBC
connection to this training database.

Creation of the database tables

If you have a look at the database tables (In the SQL Enterprise Manager select your database
in the folder “Databases” and click on “Tables”) you will see that it does not contain any
tables created by the user, but only tables the system itself needs for administration purposes.
To create the user table structure of the database that will contain the data and the part of
software that runs on the server machine, some programs must be executed. These programs
are written in the “Structured Query Language” (SQL) and are started using the Query
Analyzer, another Sub-Program of Microsoft® SQL Server. So please open the Query
Analyzer now (Start>>Programs>>Microsoft SQL Server>>Query Analyzer). During
opening, this program connects to your database server, but it does not necessarily connect to
your database. Your screen should look similar to the following figure, and you can select
your database (in case of Vienna it has the name ITHLab) in the list box in the upper toolbar.

# SQL Query Analyzer = o] x|

File Edit Query Tools ‘Window Help

B-zd@| i 2eddalo|[E-|v » 1 |[{ows i [ = A=

= - U Global -

" Query - IHLabDBDEV.Global. IAEA\SUCKOWA ‘7] b =0l x|

Ei master -
mzdb i

[ NEWMDB

U MEWMDBLS

Ei Morthwind

[ PRI e

U FRISDEV

D PRISStaging

_Ei_nubs—;l

&l
| | »

\ IHLAbDBDEY (8.0) [AEM\SUCKOW (89) [Giobal |0:00:00  [Drows [ln1,Coll g

| Cornections: 1 UM y

The tables of LabData are created running the program in file LabData Tables
Creation.sqgl. So, open this file from the directory to which you copied the files (In SQL
Query Analyzer: File>>Open, browse to the drive and directory and open the file). The
program is executed selecting Query>>Execute from the menu or pressing F5 or the toolbar

button with the green triangle to the left: El.
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# SOL Query Analyzer - [Query - THLabDBDEV.IF 4 o ] 3
UB File Edit | Query Tools Window Help ===l
|3 ~ & | U change Database... crU | (] e Bk
—
i ~* Parse Clr+FS =
y = ign keys
Tor the W Comcel Execting Query AltHBrask
designed ries.
ixel Suc &8 Display Estimated Execution Plan Cirl+L
i HIE Index: Tuning Yjzard Cirl+T
-- delet ] Results in Text CirT
-~ EhiS P Results in Grid Crl+D .
== Sinedq Eletion
+[2 Results ta Eile... Cirl+Shift+F
= :}:2;: -8 Show Execution Plan i+
17 rwrzt B Show Server Trace CIlEShiftt T boppma. TABLES
ﬂ Show Client Statistics Cr+sShifitS  jmsSignals')
GO Current Connection Properties...

—-—- thlNokhleGasInletPumplhowns
IF EXISTS (SELECT TABLE MNAME FROM INFORMATION SCHEMA.TAELES
WHERE TABLE NAME = 'thlNobleGasInletPumpbowns')
DROP TALBLE thlMobleGasInletPumpDowns

—- thlNohleGasElockLines
IF EXISTS (SELECT TAELE NAME FROM INFORMATICN SCHEMA.TAELES
WHERE TABLE NAME = 'thlNohleGasElockLines')
DREOP TAELE thlNohleGasElockLines _J:J
L3

< |
Successfullly Ioaded q IHLabDBDEY (B.0) [AEAASUCKOWA (89) [HLab [0:00:00 [0rows [Ln S, Col20

[Execute the query [connections: 1 MM y

After this program finished successfully you must create some views. Views can be used the
same way as tables, but they do not store any data, they just combine some of the content in
the tables in a new way. The views you need for LabData can be created by running the file
LabData View Creation.sqgl in Query Analyzer as described above.

Connection of the Database to the Graphical User Interface

To understand what these two programs did, it is useful to have a look at the tables again
(switch to the Enterprise Manager, open your database and click at Tables). You will find
several new tables that have been created, like sectblSMeans or tblAreas. Besides it created a
lot of views, starting its name with vw like vwAreaExposures or vwSubmitterSamplings.
Therefore, it is time to establish an ODBC connection and to connect these tables to the
Graphical User Interface. So please open the GUI (graphical user interface) by a double click
on the file LabDataGUIL.mdb. You must accept the disclaimer, which shows up, because
otherwise the graphical user interface will close again. After doing that you will see a picture
similar like the following:

10
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LabData

Edit Data

Import Data

Export Data

Lab Control

Maintain LabData

WL L

’ A Leibniz Institute for Lahgf:'ﬂ f,:f;‘:: o
Applied Geophysics LabDataGU| Version 2.9

Seeing this first window select the command Maintain LabData and in the next Dialogue the
button Link Tables. A dialogue shows up, that allows you to connect with any kind of
external data sources. Here ODBC Databases () must be selected.

11
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i
LabData Suckow, Axel (Environment, Waite Campus) ‘_
File Home Create External Data Database Tools Help £ Tell me what you want to do
7 AN (= O & = = =
@ [] 2 I D_“ E Ge 5]} | — ==
ra I BB = abe — { R B I | 5= = Eq
: L LY [ - ; ; ; I U | 2= = ==
View e = L Refresh = Find Sizeto  Switch ) N e
- b ¥ All~ === r ~ Fit Form Windows ~ Lo} & < === |l
Views Clipboard R R " - o Text Formatting ~
5 Select Data Source *
E File Data Source  Machine Data Source
o
g
= Look in: | Documents v |
o
:_:- Visual Studio 2017 =7} LabData dsn - [} e

Visual Studio 2019
‘isual Studio 2022
Zoom
¢ | LabDiata Test Environment dsn

‘ Full Mainenance ‘

< >

iing 1‘—“

DSN Mame:  |LabData New...

Create the Means |

Select the file data source that descrbes the driver that you wish to connect to.
You can use any file data source that refers to an ODBC driver which is installed
on your machine. ataB ackupH20050523 mdb

Restore

G Help | Database on Server:

IHLab
|

I~ MSJet W Delink First

Maintain LabData . Delete General Madel
= Link. Tables... Temparan Stuff Walues...
Exit
_IAEA

~ Axel Suckow
LabData Version 2.4
LabDataGUI Version 2.9

’A Leibniz Institute for
Applied Geophysics

LinkingTables.. [ | Numlock =] &l

In the following dialogue, you select the ODBC Data Source you had created following pages
5 to 9 and click OK. Of course, this step would not work if you did not create the tables and
views as described on page 9. Close Maintain LabData.

After the connection to the tables on the database server is established now, it is time to see
how we can put data into the system.

Input of Data

Before the input of measurement results is possible, even before SubSamples can be created,
you must define the methods how the SubSamples are created and the procedures how the
results are obtained. In the LabData Manual you will find detailed information on how this
very systematic and time bearing approach can be followed. Here in the Tutorial, we will start
with a predefined dataset to work with. To have at least this minimum of data to work with,
we will write them to the database using an SQL file. So, switch to Query Analyzer, open the
SQL file LabData Tables Fill for Tutorial.sqgl and execute it.

The tutorial will now proceed with data navigation and editing and creation of new data.
Don’t worry if anything goes wrong or if some of the data do not look like they do on the
screenshots in the tutorial: they only do if you follow the tutorial very literally. In any case we
will destroy and rebuilt the whole table structure later — and so all you edited during these
chapters — to give you a “juvenile” database for your own purposes.

12
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Navigation in Samplings, SubSamples, Values

Switch back to the LabData GUI. On the entry Screen of the LabData GUI select the button
Edit Data and on the Data Editing and Input dialog select Samplings. You will see
something like this:

53] Samplings = [ X
SamplinglD Jiw &4 ‘ Find Sampling fram 5ubS amplelD to Form SubSamples.. Raw Data To Excel Mew | Edit Save |
Register Person or Date. .. | to Foimn Persons... | mare Projects: | = 85D «+ Created -t To Be Done - [=]
Cannect Sampling ta : 1 24/02/15 16:07 Field Me 13C on SrCO3
Person - - - - Proi Projects
Submitter Johnny FirstSubmitter The best Ur e Foee Tutarial F'r;'ect Bl et l0eltn 2 Of| bl Wall M an 00D
Sampling | Carol . TheFlowerGirl | The best Ur Disfmmiptgamphng J I AN Es )RR W Chbet ety
| 28mpAng : —J| =hen e Boee ol B 24102115 16-07 Precipit: | | 2H on Water _
41 | * | toFom Projects.. 18 24/02/15 16:07 Acid dig | |Air Subsample  |[=]
: : 23 24/02M15 16:07 Nitrate E
SetlD: . e e et
‘ = 1 to Farm SamplingS ets more Areas: | ~ 24 24/02/15 16-07| Sulfate | Pending » | SSs - ;A“‘
Connect Sampling Areas Arbitrary M 1 |
ExpozurelD: 1 toFom Exposures... to this Area Air Subsan 11—
Mame of Exposure: to Form Areas... Water Sub 1
|Vianna Central - i - 13C on Sr( 1 |
bl L 14C on Sr( 2|
Marme by Submitter Sampling D ate [Start): Sampling Date [End): Upper Depth [m]:  Lower Depth [m]:  relative m.s.l.
'well # 2, Central Vienna [1/03/2000 2:00:00 P [1/03/2000 3:00:00 P Times from S5 || [ r
Remarks Times to 555 0ld | dentifier. MM
Created during LabD ata Installation Make SubSamples Level Sampling: (Mo old ID
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Record: ¥ Search [« ]

Record: 1of5 L gUnfiltered Search

Samplings

This form Samplings' is the most central one in LabData and if the software will be
completely installed and “all users do their duties”, it displays a lot of information about any
given Sampling. Those who already read through the Suckow & Dumke (2001) paper know
why. We will come back to this form frequently, every time looking at different details.

Many forms in LabData are designed like a window looking to a specific table. This window
here looks to the table thiSamplings. Every entry in tblSamplings can be thought of as one act
of taking (Sub)Samples and this act is called “Sampling”. Please note: The entries into this
table do not describe the “sample”. To be precise, the term “sample” does not even exist in
LabData! Instead, the term “SubSample” is used, which will be described in detail in the next
paragraph (see page 15). For the moment the intuitive understanding of a SubSample is
sufficient. The entries in th/Samplings describe how SubSamples were taken: where, when, by
whom, how many SubSamples, what should be done with them and so on.

So, what does this form Samplings tell us now about the first sampling in the Database?
Starting from the top left it tells us that we have sampling number one here (SamplingID).
Again, a basic principle in LabData: You will find all unique identifiers for a certain table in
the upper left of the form. The sampling came to us through a Submitter who is somebody
called Johnny FirstSubmitter, and it was taken by Carol TheFlowerGirl. This
sampling belongs to the first Set, and it took place at an Exposure with the name Vienna

! Just to avoid that anybody more wants to tell me that the word “Samplings” does not exist in the Anglo-Saxon
languages: I am fully aware of this fact. The point is that a database needs abstract concepts. The concept behind
table “Samplings” is NOT a table of samples. It is not a table of physical things but a table of actions. A table of
several entities describing what we call “The action of taking samples”. The second point is that nobody really
takes samples — and that is why this word “sample” in this tutorial only exists on this page. While sampling
everybody takes SubSamples. Just be patient, let the concepts enter your mind and follow the text.

13



LabData Tutorial

Central. The term Exposure for groundwater samples codes for the well, but the concept
behind is more general and comprises also things such as drill cores and will be described in
more detail later (see section Exposures on page 29). Also, Areas and Projects are
organizational structures to which we come later, but they are self-explaining. They will both
have an own Chapter in the manual, and Areas even will be explained in this Tutorial
beginning at page 31 so I would ask you for some patience. Just note that this Sampling
belongs to the Tutorial Project, since we will use that later. The same holds true for
button Register Person or Date... which will be explained on page 26. The larger field right
of Projects and Areas then contains a whole small table with superscripts SSID and Kind. This
sub-table tells you that during this sampling some field measurements were performed, that at
least two bottles of water have been filled and carbonates have been precipitated. These are
the SubSamples, and we will come to them in detail in the next chapter. Further on the right
you will recognize that the analyses To Be Done on these SubSamples include 30, D, Tritium
and Radiocarbon, and it seems that none of them was performed yet since all are Still
Pending.

So, let’s go on with the Name by Submitter. This field tells you how the sampling was called,
by the one who had performed it. Normally this is the name of the well the water comes from
or a number within a campaign. Right of that field you see the Sampling Date with a
resolution of seconds, which will help you sometimes to distinguish different Samplings and
their SubSamples if the one who has taken them was very busy that day. You can also see
how long the whole Sampling was, because an end date (and time) can be provided. Upper
Depth and Lower Depth in case of a drill core could be the depth interval that was sampled. In
our case the two are empty, since this is a groundwater sample, and the upper and lower depth
of the screen for an Exposure serves the same purpose. The field relative m.s.l. indicates if
these depths are measured relative to the mean sea level or the ground surface. In case of
SubSamples taken from a sediment core this would normally be the depth interval the
SubSample comes from relative to the top of the core.

Let’s see what else we have in thlSamplings: go to the next dataset by pressing the PgDn Key.
In the very low left end of this window you will see that you are now in Record 2 of 5:
Recard: HI 4 Il A IH IHEI of 5

These record counters tell you where you are in a certain table and how many rows the whole
table has, that you are looking at. Again, this feature will be found on all forms being a
window to a table. You can move within the table also clicking with the mouse on the small
buttons aside of this number two: | will make a step forward (same as pressing the PgDn
key), 4 will make a step back (same as pressing the PgUp key), 2 wil go to the last
sampling (same as pressing the Control&End key) and 14| will move to the first sampling
(same as pressing the Control&Home key). But the user can also directly navigate e.g. to the
fourth sampling by entering a 4 into the number field of the record counter. But careful: this
fourth record can be changing depending on how the entries in tblSamplings are ordered. To
test this fact, please move the mouse pointer into the field SamplingID. Then execute the
menu command Records>>Sort>>Sort Descending. Now the sampling with SamplingID 5
is record 1 of 5, and record number 4 would be the one with SamplingID 2.

So, let’s move to the Sampling with SamplingID 2 now. To do so and to reach this record
independent of any actual sorting, you can move the mouse pointer into the field SamplingID
and press the button with the binoculars (L]). In the following Dialogue Find and Replace
you can define in which field the search is done and if the search should be performed on the
whole content, the beginning, or any part of it (which of course means differences in search
speed):
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Find and Replace 2 x|
Find |
FindWhat: [z | | Fnduext |
Cancel |
Look In: ISampI\ngID LI
Makch: IWhoIe Field LI << Less |
An* Part of Field
Start of Field
Search: G B
[ Search Fields As Formatted

This dialogue works on most forms of LabData and is a way you can search in nearly every
field of the forms any content you need. For instance, using Name by Submitter as the
place where to search (Look In) you could search for ourths and find FourthSampling
if necessary.

SubSamples

If you are in the record with SamplingID = 2 you see that this Sampling should have five
different SubSamples (“SubSamples” will be abbreviated sometimes as “SS” in the following
text). One SubSample is for field measurements, two were prepared by filling water into a
bottle, one prepared by precipitating carbonates from water, one prepared by acid digestion of
carbonates. This leads to the first intuitive understanding what a SubSample is: A SubSample
is a well-defined entity of material belonging to a Sampling. For example, in isotope
hydrology or groundwater chemistry we go out to the well and normally take several
SubSamples at a time: these are for instance a small bottle for stable isotope measurement
(D/'80), a 11 bottle for tritium measurement, perhaps we create a precipitate of carbonates for
BC or C analyses, take a bottle of acidified water and of filtrated water for different
chemical analyses and so on. Each of these entities is a SubSample and deserves to receive an
own unique ID, the SubSamplelID or shorter SSID. In this special case each SubSample is a
bottle, but this could be also a bag of sediment, a piece of rock etc.

Let’s have a more detailed look into these SubSamples by pressing the button named to form
SubSamples... on the upper right of the form. You will end up in a new form looking like
this:

15



LabData Tutorial

E= SubSamples |Z‘

Iustitution: Project: _
Oid Mentifier: Level Sampling: Level SabSampie;

SamplingiD; Precarsor was S50
e
Naute by Submitter: Split it G To Standards...

il # 1, Wiest Vienna

e R zsatabh; ID | ToBeDone ID| Checked
Be 1 Delta 180 in Y
MethodiD: 10000 i
L, - e e 2 Delta D in Wa
L ERFEE O AR Fill \Water into & Glass Bottle »
Remove To Be Done
Entry Date: 2006-07-07 15:13:07 [P S WP 0

B | payment B | subSample is locked for the Recursion AdURICICHBcR el

Remarks:

Created during LabData Installation

Hrown 55 Weans
Measurable |P| Mean [ Waht. Err | Std.Dev. | Vused | Chi2 | MaxDiff

Record: d b < | R4
Record: (1)« 7 [ J1]3H] of 5 (Filkered)

This form tells you some of the details about the SubSamples: what material they are, how
they have been prepared and when, and so on. Again, the unique identifier for SubSamples
(the SubSamplelD or shorter SSID) can be found in the upper left of the form. For the internal
work in a laboratory this SSID is probable the most important identifier in LabData. The
whole GUI was designed in a way that every search, input, output and editing problem should
be solvable if the SSID is known.

Form SubSamples has a larger header in which information about the origin of this
SubSample is displayed. Here again you find who sent the SubSample, where it came from,
and what the organisational context of this SubSample is (Set, Project...). But here this
information is read-only and just gives you the navigation feedback, that you are in the right
SubSample while editing.

Some things deserve your special attention concerning SubSamples:

First, proceed to SubSample number 19 (on page 13 you learned how to navigate through
records) and you will see that this SubSample has a Precursor, namely SubSample 11. This
means that the CO, of SS 19 was produced from SubSample 11 (the precipitated carbonate
from groundwater) by using the technique of acid digestion. This example illustrates that
LabData is capable of dealing with SubSamples of hierarchical origin (SubSamples 2, 9, 10
and 11 were prepared in the field, SS 19 was prepared from one of them in the laboratory).
And it illustrates the principle, that the unique SSID characterizes not the “Sample”, which
does not even exist in LabData, but the SubSample in a certain state in the laboratory. In real
live the carbonate precipitate is very different from the CO> gas evolved from it (in look, in
feel, in the possibility of spilling it, concerning the container...), and the different and unique
SSIDs in LabData reflect this fact. The hierarchy of SubSamples could have any depth and
there could be any number of SubSamples on any hierarchical level, restricted only by storage
space (which is really, really huge nowadays). So it is very useful to think of SubSamples as a
piece of material having a defined state within the lab, and to create a new one if something
important changes. Any important preparation step would be an example for such a change: in
the case of a tritium laboratory the electrolytic enrichment of trittum changes the
interpretation of the subsequent radiometric measurement and therefore one should create a
new SubSample. Or a change of the chemical state as in the present case from precipitated

16



LabData Tutorial

SrCO> to CO2 would be a reason for me to define a new SubSample. Although the '“C value
for precursor and successor should be the same here, using two SubSamples helps you to keep
track on what happened.

Second, if you look at the record counter of the form you will see the word “Filtered”, which
means that you do not see the whole content of tbISubSamples but only a certain part of it. To
be more specific, you see all those SubSamples that belong to Sampling 2, since you came to
this form via form Samplings. Although this should not be done now since we want to
proceed to form Values, the filter can be removed pressing the toolbar button with the funnel

(l?). Coming from samplings to SubSamples filtering is useful, because the SubSamples
table contains typically several ten thousand entries whereas when you are dealing with those
for one Sampling you typically deal with a dozen or less.

Values
Pressing button To Values for SubSample with SSID 9 opens another form displaying
measured values for this SubSample:

Samplingl Dy Mame By Submitter: |'/ell # 1, West Yienna
1 Vi

Exposure: [Yienna west
t—]
I
SubSamplelD: |
measured by: | 180 by equilibrium with CO2 v
Procedure: 1| Parameter: |130 Device: |Mass Spectrometer with Vienna Equilibration
Start Date: | 20020222 10:01:00 payment: []
Value: )« 0.1] %o SMOW Locked: []

Remarks: (e ared diring LabData Inatallation

Record: 1 b | of 7 (Fikered)
(19 D83

Again the records are filtered and only those values belonging to SSID 9 are displayed. Here
filtering is even more useful since the table tbIValues typically contains more than 100 000
rows. Again in the header you will find the information describing the origin of the sampling.
Moving through the values for this SubSample you will be able to see 7 values, which are 3
and 4 values for §'%0 and 8D respectively. Scroll through them to see what they are. You will
notice that every value has a Start Date. You might also notice that there is a small checkbox
called Locked, which indicates that you can exclude every value from further statistical
treatment. Maybe you even had noticed before that this kind of checkbox existed for
SubSamples as well.

Procedures

If you want to see some more details on how the values were created, press the button
indicating To Procedures... Another form will open:
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180 by equilibriurm with CO2 ‘

Device

Mass Spectrometer with Vienna Equilibration ‘

Measurable Deita 180 in Water

MeasurahlelD

Product

Applicahle Protocols

T —
T —

S —

normally measured |

#h New Edit Save
P — | .
Description

Remarks

Created during LabData Installation

[] Creates SubSamples and is "Method"
[ resulis from SubSamples have to he summed up

Price ljl Walues will be corrected by values from procedure l:l
Computin Parameer Ervwe Computn Parameir [
Second Conputing Paranetr Eure Second Conpuing Porates )
Record: E 1 E]@ of 17

The details of this form again will be described in the LabData Manual. For the purpose here
only a few things are important:

1.

The procedure defines the parameter to be measured (Tritium, '*0, Deuterium...) as
well as the units of the measurement results (like TU or % SMOW) and the material of
the SubSample on which any procedure can be applied. The combination of
Parameter, Unit and Educt Material is called a Measurable. Although this information
is shown in the Values form, in reality it is stored in an own table called
tbIMeasurable, which is linked to tblProcedures.

The ProcedurelD is one of the very rare unique IDs in LabData that is defined by the
user. So you have to type in a number here, and LabData will make sure that you are
not able to define duplicates.

Recipes how to create a SubSample are stored in tblProcedures as well. Just for
distinction to the procedures that can only create measurement results and no
SubSamples, we will call them Methods in this tutorial and the manual. The only
difference between a method and a procedure is that the selection Creates SubSample
and is “Method” is marked for a method. Of course any procedure can be a recipe to
produce values and SubSamples at the same time: for instance sieving of sediment
would create a new SubSample (for instance the fraction <Imm) as well as a value
(the weight percentage of the total for the fraction <Imm). In fact this is the reason
why the user is able to define the unique ID of a procedure. In the Hannover and
Vienna Laboratories the convention exists that methods have large numbers. In these
labs every procedure with an ID larger than 9999 can create SubSamples.

Things like the detection limit and the limit of accuracy of a certain method, possible
laboratory protocols within LabData and even a whole manual describing the
procedure can be stored and accessed with this form.

The best for you to do now would be to eliminate the filter that you still have coming from
form Values and to have a look at the different procedures that exist in LabData at the
moment. This will give you an idea on how procedures are used.
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Editing and Creating Data

Imagine now, the information given was wrong (never trust a Database!!!), and the Sampling
1 should be labelled correctly “Vienna Central #11” with a sampling date not several years
ago but yesterday. So close the forms for procedures, values and SubSamples by pressing
Control&F4 in these forms and go back to form Samplings and try to change the field Name
by Submitter. LabData obeys the general Microsoft Windows convention that letters that are
underlined can be reached with the keyboard combination ALT&Letter. So if you type in
ALT&a you will be in the appropriate field.

If you try to edit this field, it will probably not work: for security reasons every form that
directly displays a table is locked on opening. This is one of several means that try to make
the user think about what she/he is doing. Press the button Edit in the upper right of the form
and try again. This time a change of the Name by Submitter should work. Proceed to the field
Sampling Date and put the date of yesterday in. These changes now are not yet accepted in
the database table. They are only displayed in the form, up to now. Storage in the database
will occur only if you press the Save button in the upper right corner of any form (ALT&S)
move to another record (pressing e.g. the PgUp or PgDn keys) or if you close the form. Until
then, pressing Esc will bring the data in the form back to the stage before editing, and keep
your data in the underlying table unchanged.

To create a new record either use the New button, the menu command Records>>Data Entry

or press the button ** which is situated on the toolbar or on the record counter of many

forms. You will be given an empty form that you can fill with the new data. This method
works on any form representing a table. So create a new sampling now and input
TestSampling as Name by Submitter. Table thlSamplings accepts entries that are nearly
empty, so store this record by pressing PgUp.

Try out the security measures of LabData: there are some ways that LabData gives you
feedback on your inputs, and there are many things that are not allowed during input of data.
For instance you cannot connect a sampling to a submitter, set or exposure that does not exist
(The concepts behind Submitters, Sets and Exposures are explained in more detail on pages
Error! Bookmark not defined., 24 and 29 respectively). Go to field ExposurelD and type in
4, proceed with the mouse to the field Name of Submitter and select Dr. Johnny
FirstSubmitter. You will recognize, that on leaving the field ExposurelD the name
Vienna South showed up in field Name of Exposure, and that after selecting Johnny
FirstSubmitter his ID (1) showed up in field SubmitterID. Both these connections of
the fields give you feedback on what you are doing and enable you only to select those
possibilities that you are allowed to. Now try what happens if you input 10 into field Set/D
and want to submit this to the table by pressing Save or PgUp. You will see an error message
that this entry was not accepted. The reason is that Set 10 does not exist. For a Set not existing
you must not enter Samplings. Since there exists only one Set up to now and its number is 1,
the only allowed value for Sets up to now is 1. A similar error message would be displayed, if
you would try to input values >5 for the ExposurelD or >1 for the SubmitterID. Just try it and
you will notice that also the feedback giving you the name of the Exposure and Submitter will
fail.

After we created a Sampling, let’s create a SubSample. Press the button to form
SubSamples.... Form SubSamples shows up and a dialogue that tells you that there is no
SubSample existing yet, and asks you if you want to create a new one. In case you press
Cancel, both windows will vanish again (and no SubSample will be created). In case you
press OK you will find the SamplingID from which you started already in the appropriate
field.

All other fields in the form are still empty and you will not be able to save a SubSample in
this state. This is due to the fact, that LabData does not know yet how this SubSample was
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created. So select the method F111 water into a bottle into field Was created by.
Also here the field MethodID will be filled with the appropriate number and the field Material
will be filled with Water. Only now this SubSample is ready to be sent to the table (Save or
PgUp). Note that also here it is impossible to create SubSamples for Samplings that do not
exist (for instance try 25 for the SamplinglD), SubSamples with Precursors that do not exist
(for instance try 20 for a Precursor), SubSamples with Methods that do not exist (for instance
try 100 as a Method). And you will note that the actual timestamp was attributed to the
SubSample as creation date.

After we learned how to create Samplings and SubSamples, let’s learn how to create Values.
Navigate back to the SubSample that was just created and press To Values.... LabData will
inform you that no value exists yet for this SubSample and prompt if you want to create a new
value. Selecting OK you will find yourself on form Values, with the SubSampleID and
SamplingID already filled with the correct IDs. In measured by: select 180 by
equilibrium with CO2. Moving to the next field the correct unit and parameter will be
indicated. The only fields you have to fill now are the Start Date and a Value. Also here
PgUp or PgDn will send the new value to LabData. And if you try to input a procedure that
does not exist into field Procedure (for instance try 100 here) or if you try to input an entry
for which no value is given (create a new value and leave Value empty), LabData will not
accept the entry.

Since we learned now how to use the forms for Samplings, SubSamples and Values it is
useful to have a look at the theoretical framework behind, what I like to call “the topology of
the tables”. The official name is a diagram of the relations or a “Bachmann Diagram™:

iProcedurelD -
nvcDescription

nvcDevice

iMeasurablelD
fDetectionLimit
fAccuracyLimit
nvcProductMaterial
dStartvalidity
dEndValidity
iValuesCorrectedBy
vcProtocolTables
nvcUsuallyMeasured
bCreatesSubSamples
bSSToBeSummed
fComputationParameter
fComputationParameterEr
fSecondComputationParar
fSecondComputationParar
fPrice

nvcRemarks

tbiSubSamples M
tblSamplings iMethodID o imManual R iProcedurelD

oS

| TTITIT T ] ]

| §|iSamplingID =o—oal 7 |iSamplinglD iSamplingID

| |[ExposurelD e % |iSubSamplelD = ool |iSubSamplelD

| |iSetlD L&l |iPrecursor 1 [IValuelD

| [isubmitterID | dEntryDate dStartDate

| |nveNameBySubmitter " |bToBePaid cPreFix

| |dSamplingDate " |iConfidenceLevel fValue

| |fUpperDepth [ |bSSLocked fError

| |fLowerDepth " |nvcRemarks bLocked

| |bRelativeNN bToBePaid
nvcRemarks nvcRemarks

What you see in this picture is the column headers of the tables named b/Samplings,
tblSubSamples, tblValues and tblProcedures. The lines running between the table headers are
called “relations” (that’s why this kind of databases is called a “relational database”) and they
indicate that the same content is in the appropriate columns the line connects. The small key
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in these lines (=2%=) represents the primary key and the unique part of the relation, the small
lemniscates (aow) represents the foreign key. So for instance the iProcedurelD is a unique
value in thlProcedures, but in table th!Values many entries can have this iProcedurelD: all
those values that are created using this procedure.

Just to keep in mind: The first table (tblSamplings) contains the data about the sampling
action in the field, not about the “samples” — an entity that even does not exist in LabData -
nor about the SubSamples (the bag of sediment, the bottle of water...). The data on any of
these SubSamples are stored in tblSubSamples. The method used for preparing a SubSample
is given in thlProcedures. SubSamples can be produced during the sampling action in the
field (e.g., bottles of water for the tritium, stable isotope and radiocarbon analyses and the
bottles of filtered and acidified water for geochemical analysis) or during laboratory
processing (e.g., taking aliquots, sieving, preparation of a counting gas or of AMS targets).
The measured values are stored in th!Values. The procedures used for the measurements are
stored in thlProcedures. The values table is mainly for storing only the numerical values and
will have the largest number of rows of all the tables in the data model (typical 1e5 to 1e6). It
is therefore necessary to keep the number of columns (“fields”) in this table small and to
avoid strings and redundant information wherever possible. Therefore, the names of the
parameters (e.g., “Tritium”, “1807, “14C”) and units (e.g., ppm, TU, pMC, %o) are stored in
other tables. In fact there exist several more tables not shown in the figure from which you
can select the parameters, units, materials and measurables. Also detailed information about
the procedure itself can be stored in the table thlProcedures: the field imManual can contain a
whole text file (e.g. MS Word or pdf) with the full description of a certain laboratory
procedure. This way tblProcedures can contain the whole information concerning laboratory
and field methods you need for certification according to ISO 9001!

Note that a 1:n relation exists between the procedures in th/Procedures and the SubSamples in
tblSubSamples (many SubSamples can be produced by the same method), between procedures
and values (many measurement values can be produced using the same procedure) and
between SubSamples and values (methods like gamma spectrometry and ICP-MS result in
many values for the same SubSample, and measurements can be repeated).

It is possible for recursive relationships to exist in the SubSample table: Many SubSamples
can be produced from one SubSample (the Precursor) using standard laboratory methods.
The most straightforward example is the production of aliquots. Another example in
geochemical laboratories is the sieving of sediment to obtain grain-size fractions for later
chemical analysis. An example in an isotope hydrology laboratory is electrolytic tritium
enrichment, resulting in a SubSample with higher tritium content than the precursor. In a
radiocarbon laboratory with proportional counters, dilution with “dead” counting gas if the
amount of gas was too small for the counter is another example.

This data model has the following advantages: (1) Scalability. Since the number of rows in
the table for procedures is limited only by the available storage space, the system can handle a
virtually infinite number of methods to produce SubSamples and data. (2) Effective use of
storage space. Empty cells in the table of values are avoided: If a laboratory procedure
generates only one value for a SubSample or 100, only the amount of storage space necessary
is used. (3) Flexibility. The data model can be adapted to many kinds of laboratories and
methods. A new procedure in the laboratory is represented in LabData within minutes by just
adding a new row in tblProcedures. The system also is flexible with respect to the amount of
details the user wants to put into the system: Whether all of the steps are to be documented —
from the initial sampling to the final isotopic or chemical value (e.g., for '*C: drying, acid
etching, conversion to CO», conversion to acetylene, conversion to benzene, LSC counting,
etc.) — or if only the final numbers (**C for SubSample No. 7 is 35%) are to be stored, the
same data model can be used with just different procedures. (4) Unique identifiers. Last, but
nevertheless important, the data model provides two identifiers that are unique: One
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(iSamplingID) is unique for the problem as seen from outside the laboratory, which is the
point of view of the submitter. The second (iSubSamplelD) is unique as seen from inside the
laboratory, and identifies the SubSample in a specific step of the laboratory process. The GUI
in LabData is designed such that any problem should be solvable if you can give at least one
SubSamplelD relevant to the problem.

Numerical Procedures on the Server

OK, we learned what the meaning of a sampling and a SubSample is in the context of
LabData. We learned how to find a certain sampling and how to interpret some of the
information displayed. We learned how to navigate from a sampling to its SubSamples and to
its values. And we learned how to create new samplings, SubSamples, Procedures and Values
and how to edit the data already present. It is time now to learn about some of the automatic
benefits of LabData. For this purpose we should recreate the juvenile database system.

To do this, close the GUI of LabData. Open the SQL Server Query Analyzer. Here open and
start the following SQL files one after another in the order given below:

1. LabData Tables Creation.sqgl

2. LabData View Creation.sqgl

3. LabData StoredProcedures.sqgl

4. LabData Triggers.sqgl

5. LabData Tables Fill for Tutorial.sqgl

Restart the GUIL. Open form Samplings, navigate to the one with SamplinglD=1 and try to
find a difference between what you see and the picture on page 13:

E= Samplings

CEEX)

SamplinglD l:ﬂl FEind Sampling from SubS amplelD to Form SubSamples...
jects: SSID: | Kind: To Be Done
Register P [iat Gl mare Pr0|ects.| v|
[ e e ] PORTCT I Cormect Sampling to = » 1 Field Measurements P [13C in 5003
this Proiect TGS | ; | ;
[ Persons: | || G Fill ¥Water into a Glass Bol] | [14C in 503
P Submitter Johnny FlrstSubmltter The best LI Dlscunnecl Sampling || 7|Fill Water into a Glass Boi| | | Delta 180 in W
from, th's HESE] || 8 Precipitate Carbonates frolf | | Delta D in Wate
ta Faim F'fDI‘ects L 18 Acid digestion of carbanat Tritiumn in Wate
23| Nitrate Extraction
_ p 2 merBEss | — 24| Sulfate Extraction Still Pending
Connect 5 ampling Areas: | b | Delta 180 in W
ExposurelD: | 1| [ ta Form Exposures: to this Area | [Delta D in Wate
Mame of Exposure: to FD”‘“ Aress... 1 ]—;gu.m ISn é/\é]a;e
|Vienna Central v| — In o
14C in 2103
Hame by Submitter Sampling Date [Start]: Sampling End: Uppel Depth: Lower Depth: relatlve msl —
[well # 2. Certral Vierna | [2000-03-01 14:00:00 | [2000-03-01 15:00:00
Remarks D\d |dentifier:
Created during LabD ata Installation Level 5ampling: |No old ID |
Lewvel SubSample: |No old ID |
Known Mean Yalues
Measurable [P [ Mean [Wght Err. [Std. Dev.| SSused| Chi2 | MaxDiff | CummulatedComments ~
| | ater Lavel 1089 0.1 1 0 0s 1:Direct Mean of Values VID 1:Created during LabData Inst
|| Tritiurn in Water 15.3 13 1 1] 0s 1:Direct Mean of Yalues VID 23:Created during LabData Insi
| |Delta D in ¥Water -81.975 0.4 0.813173 2 2.07 1.15000 5 1:Direct Mean of Values VID 13:Created during LabData Inst
| |Delta 345 in Sulfs -142.8 0.a 1 1] 0s 1:Mean of SSID B:Direct Mean of Yalues WD 43:Creat
| |Delta 180 in ¥Wate -11.067| 0.0577350 1 0 0s 1:Direct Mean of Walues V1D B:Created during LabData Inst
Delta 180 in Sulfa -161 0.5656854 1 0 0s 1 Mean of 351D 6:Direct Mean of Yalues VD A0:Craat
| Record (1674 T O T o 10 o g — T
Record: - E]mm of 5

Did you notice the difference? Now in the lower part of the form a table is filled which is
called Known Mean Values. This difference occurred since this time in building up the table
structure of LabData we executed also two SQL files that created “stored procedures” and
“triggers” on the server side of LabData. Doing this we created some kind of intelligence on
the server side: every time we add a new value for a certain parameter like e.g. %0, the server
side knows that some statistics have to be calculated for this new value. What does this mean
in detail?
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Whenever a value is created newly, changed or deleted in LabData, the SQL server routines
search all the values for a certain SubSample, that give results for this measurable
(combination of material, parameter and unit) and that are not locked. From these values the
stored SQL server procedures calculate the weighted mean, the standard deviation, Chi
squared and the maximum difference between the values. If uncertainties for the values are
given, also the weighted error of the mean is calculated. Note that all values will be taken for
these statistical values that have the same measurable (e.g. 50 [%VSMOW] in Water or
Trittum [TU] in Water). Not only those having the same procedure will be averaged. In most
cases in one laboratory they will probably have the same procedure, but sometimes you will
want to see statistically if different procedures give the same result (for example 3D on water
using a procedure equilibrating a H> headspace isotopically with water and another procedure
reducing the water with Zinc or uranium to Hyz). If the SubSample has only one value, then of
course the mean value is equal to this value and no standard deviation can be given.

If the SubSample has a precursor, then LabData searches all mean values for SubSamples that
have this same precursor and creates the same statistical values for this precursor — this time
not directly from the values but from the SubSample means. This is repeated as long as any
precursors exist. After all mean values for all SubSamples along this precursor-successor
hierarchy were calculated, the same statistical values are calculated for the Sampling from
those SubSample mean values where the SubSamples have no precursor. And that is what you
see in the table at the bottom of the form above. So from this form you can see at a glance that
deuterium values have to exist for two different SubSamples, and that from the statistical
point of view the results for these two SubSamples give indiscernible results (chi-squared
test).

This process of creating statistical values is triggered whenever a value is created, changed or
deleted, without any influence of the user. This process is even started, if the user does not use
the GUI to edit the values, but the SQL server tables directly. If you want to see the mean
values for the SubSamples, press the button to form SubSamples... and have a look. The
first SubSample (SSID 1) is the one created for the field values and has only one value: the
water level in the well. The uncertainty of this mean value is directly the uncertainty of the
entry in thlValues. The second SubSample (SSID 6) in contrast has three values for '*0 and
two values for D. From the statistics (Chi squared>8) you will recognize that only with a
probability of less than 2% the three values for '30 belong to the same statistical entity: the
numbers for the values are —11, -10.9 and -11.3 and the given uncertainties are =0.1 for each
value. So for statistical reasons alone, the value with —11.3 most probably is an “outlier”. Or,
equivalently: the uncertainties for the values are too small. LabData helps you to recognize
these statistical correlations, but of course you as the user have to find the reason...

To demonstrate this automatic statistical process, create a new sampling and SubSample and
create new values for this SubSample. For example if you put values for 180 by
equilibrium with CO; of -5%0.1, -5.1£0.2, -5.2+ 0.1 and -6+0.2 to LabData, then you
should obtain a mean value of -5.19+0.06 (std. dev 0.46) with a Chi-Square of >20. Now lock
the value for —6 for any further evaluation. To do so, go to form Values and activate the
checkmark Locked. Chi-Square should diminish to 2 and the mean value should be -5.1+£0.07
with a standard deviation of 0.1. Try it!

The organizational context: Persons and Sets

What you learned about LabData if you finished the tutorial up to here was mainly concerning
the core of the data model, namely the tables tbISamplings, tbISubSamples, tblValues and
tblProcedures together with the related forms. Up to now we do not know where to store the
information about who performed the samplings and which SubSamples belong together.
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Also we do not know how to create a common invoice or report. That’s what this paragraph is
about.

Persons

As nearly any laboratory database system, LabData has a table to store the information about
persons, namely the submitter or customer. Only with this storage of “personal” information it
is possible to write automatic invoices or reports. To see the information, start LabData and
press the buttons Edit Data >> Persons. The following form will show up:

B Persons

Find Perzan from
SubSamplelD...

e most acvanced department

Date Set | 5UD | 5LD | ExID Weasured:
1Well #2, Central Vienna | 2000-03-01 1.180; O Tritium; 13C; 14C; Waterl
2 WWell #1, YWest Vienna | 2000-03-01 2180; D; Tritium; 13C; 14C; Waterh
3 Well #4, East Wienna 2000-03-02 3 180; D; Tritium; 13C; 140C; Waterh
4 Well #3, South Yienna | 2000-03-01 4 Tritium; 13C; 14C; Waterlevel;
5 Well #5, Morth YWienna 2000-03-02 5 Tritium; 13C; 14C; Waterlevel,

Obviously the form stores all the necessary fields for written and oral communication that
describes name, title, address, phone number and so on. Besides that, this form at a glance
displays how many Samplings this person did send to the laboratory and what was measured
on these. If you want to see details you can press button to Form Samplings... and you will
arrive at form Samplings, filtered to those samplings that are from this submitter.

In case you know the SamplingID or the SubSamplelD and want to find the Submitter who
belongs to this in a fast manner, try the button Find Submitter from SubSamplelD... A
dialogue will be displayed asking for the SubSamplelD. You can input SS### or S###
where ### is the SamplingID or SubSamplelD, and you will arrive at the submitter — as long
as a submitter is attributed as foreign key to this special sampling.

If you press button to Form Sets... you will arrive at the form that is described in the next
paragraph.

Sampling Sets

Sampling Sets or shorter Sets form entities that bundle several Samplings for organisational
reasons: a Set comes from a person called submitter, normally all SubSamples arrive within
one submission, the submitter wants one invoice for the set, and one report. So the set is one
of the main handles during workflow through the laboratory. Typically in the physical world a
Set is represented by a parcel with water bottles, bags of sediment... delivered to your lab. To
see the according form, start LabData and press the buttons Edit Data >> Sampling Sets.
The following form will show up:
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Find Set fram SubSamplelD.... To Form Submitter...

» | Submitter Dr.  Johnny FirstSubmitter  The best University available
. Officer in charge M. Jack TheSlave The best lsotope Lab available
. Sampling Person | Mrs. | Carol TheFlowerGil  The best University available

Dates: Pending:
» |Received 2000-05-15 Delta 180 in Water
Enterad: -05- Delta D in Water
Deadline: -05- Tritiurm in Yater
Last Checked: -065- 132 in SrC03
14C in 5rC03

Export Resultz

. Projectilame

Date Parameters Measured
» 1 WWell #2, Central Vienna 2000-03-01 14:00:00 180 O Tritium; 13C; 14C; Waterlevel, 180; 180; 15N, 345,
2 Well # 1, West Wienna 2000-03-01 11:00:00 180; D Tritium; 13C; 14C; YWaterlevel,
3Wvell #4, East Vienna 2000-03-02 09:00:00 180, D; Tritium; 13C; 14C; Waterlevel,
AWell #3, South Vienna 2000-03-01 17:00:00 Trtiurn; 13C; 14C; Waterlevel; b

Record: E 1 E......]..[..:jl
Record: (1) « ([ 1 [ J)pH of 1

You will recognize that a set normally has a Submitter (here: Johnny FirstSubmitter), because
otherwise you will face difficulties in reporting and billing your work. There can be more
persons connected with a set like the Officer in charge who accepts the SubSamples in the lab
(here Jack TheSlave), and the Sampling Person who did the field work (here Carol
TheFlowerGirl), a fact that will be discussed below in detail. There are also several dates
connected to a set: set 1 for instance was Received on march, 15 but the parcel was hanging
around for five days in the lab until it was finally Entered into LabData. There also seems to
be a latest date when the results have to be reported, called Deadline.

In field Total SS you can see that this set has a total number of 24 SubSamples and a short
glance further down to the sub-form Samplings: will tell you that these originate from five
Samplings only. Some institutions have administrational issues to be done after the
SubSamples reached the institute but before they come to the lab. These institutions typically
have some kind of entry code, for instance written in one of these good old paper books, and
this alpha-numeric entry code can be stored in the field Receiving Code. Similarly you might
want to store the Order Number that either your institution or the submitter gave to this set of
SubSamples.

Since often the submitter does not really provide us with all the information needed (e.g. the
sampling date for tritium...) there is a field Missing Information where this can be taken care
of. If the work for the set is completed there will be a bunch of administrative paper. It is
therefore possible and good practice to store this information in electronic form - like a pdf
file or similar of the letters, tables with results, reports and so on - in the field Comment. An
important issue for a lab is if there are any payments to be expected for the work to be done,
which will be indicated by a ticked checkmark Any Payment. Payment is defined on the level
of SubSamples and Values and will be discussed in detail in the LabData Manual.

As mentioned above, both Persons and Dates are not directly related to the sets. Instead, as
can also be seen from the table topology for attribute data later on page 29, there is a n:m
relation between tblSamplingSets and tblSubmitters with tblPersonsForSets in between and a
similar relation with tblDatesForSets. The advantage of this construction is that you can have
as many persons and dates connected to a set as you want: a submitter, somebody to send the
results to, a third person doing the work in the lab, a fourth who did the field work and so on.
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For dates this may be the entry date, the deadline, the date when the results were reported, the
invoice was sent or when the payment arrives on the bank account. Button Register Person
or Date allows you to attribute a date or a certain person to a set. Pressing it you will be
confronted with the following form:

Bl Select Person Or Date g@@
To Register For Set:
O Pgrson  @Dae 1
Kind OF Date:
v
Date:
[ [o]4 ] [ Cancel ]

Let’s assume you have done all the work that is needed for this set and that you want to report
and invoice the results. To register that you did this just now, press the button Now! and
select Invoiced: asthe Kind Of Date: as seen below:

E=| Select Person Or Date E@@I

To Register

O Person

Kind Of Date:

For Set:

() Date 1
v Delete this!

Received:

ryoiced:
Payment Registerad:
Last Checked:

With this selection and the necessary acceptance pressing the OK button you will register the
actual system date as the moment you invoiced the set. Similarly you can register a person: to
define the laboratory head you should try the following: invoke this dialogue again, select
Person instead of date, select Laboratory Head as the Kind of Person and Dr. Jim
TheBoss as the lab head. This looks like the following screenshot:

E= Select Person Or Date
To Reqister
@ Persan

Kind OF Person
Laboratory Head  w

For Set:

() Date 1

Delete this!

Person
v
Johniny Dr.

FirstSubmitter
TheBoss Jim
TheFlowerGirl Caral Mrs.,
ThesSlave Jack Mr.

The best University available
The best Isokope Lab availsble
The best University available
The best Isotope Lab available

Please note that the same mechanism works for persons on form Samplings if you want to
register a person for a certain Sampling.

You should also try the following four buttons: Print Labels... creates an Access report that
can be used with a laser printer to produce stickers e.g. to label the SubSample bottles. Print
SubSample List... similarly provides paper lists, sorted by the method with which
SubSamples were created. Print Submitter Information... and Print Bill... are Access
reports adapted to the work in the Leibniz Institute for Applied Geophysics (LIAG, Hannover,
Laboratory for Geochronology and Isotope Hydrology). You surely will want to adapt them to
the work in your laboratory. That needs some knowledge on the details of your lab that I am
not able to provide (corporate identity prescriptions like a logo, address and so on), so to use
this functionality you have to study the manual for MS Access and store and connect your
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reports. The LabData Manual will explain what the constraints are for these reports and how
to connect them to the functionality of these buttons.

The details of the sub-table Pending and of the button Check Measurements... are explained
in the manual, since they describe functionalities beyond the scope of this tutorial. Also for
the structure behind the table of Projects and their relation to Samplings I refer the reader to
the manual. The buttons Find all Parameters and Export Results as well as all the stuff
within the rectangle containing Output Format and Method will be of interest when we have
results for a set, later in this Tutorial. But the next paragraph will describe comfortable
functionalities that make life easier when SubSamples arrive in the lab.

Back from Field Work: Creating Samplings and SubSamples

Imagine you received a new set of isotope hydrological SubSamples. It consists of stable
isotope, tritium and '*C SubSamples for five wells. Samplings are numbered # 1 until # 5. At
each well a litre of water was taken in a plastic bottle for tritium, two brown glass bottles
were taken for stable isotopes, and the *C SubSample was prepared precipitating the
carbonates as SrCO3 and the precipitate was decanted into 11 bottles. The steps to put this
information into LabData consist of creating a new Set, creating five Samplings for that Set,
and creating a total of 20 SubSamples. In principle you already know how to do that with
each of the forms, the New and Save buttons and so on. But working with the forms alone,
this would be quite a boring job. The button Create Samplings... pretty much helps you to
shorten that down. Create a new Set, perhaps give it a valid submitter, entry date or other
related information you want to enter, and click Create Samplings... A dialogue opens:

B Create Samplings and SubSamples @

Create Samples for Set: 2

Esisting 5 amplings: 1] Total Mumber of Samplings wanted: ([

[] Create SubSample(s] for each Sampling existing

Since we have five Samplings the input of a 5 in the field Total Number of Samplings wanted
seems appropriate. Proceed and check Create SubSample(s) for each Sampling existing. Y ou
will notice that the dialogue changes and that the Common Name Part for all Samplings is
“#”, which actually is what we wanted. As you checked that you want to create SubSamples
you received some new options:
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B Create Samplings and SubSamples E

Create Samples for Set: 2

Existing 5amplings: 1] Tatal Humber of Samplings wanted: |5
Common Mame Part for all Samplings: | # Start Mumber: |1
Sampling Start Date: Sampling End Date:
Al new S amplings will be from E xposure:
E xposzure: ~ | ExposurelD:
Create SubS ample(s] for each Sampling existing Methad|D:
Create SubSamples for Method: w|
Number of SubS amples: l Add SubSamples with this Method for each 5 ampling l

Create FOR EACH EXISTING Sampling the SubSamples with the following Methods:

You can choose the method now for which you want to create the SubSamples for each
sampling. Since we want to create a SubSample of water in a plastic bottle for each sampling,
we select the method Fill water into a Plastic Bottle in the field Create
SubSample(s) for Method. Method number 10009 will be shown as feedback to this selection
in the field MethodID. Since only one such bottle exists for each sampling we write 1 in field
Number of SubSamples. Press the button Add SubSamples with this Method for Each
Sampling or alternatively press the Alt& A key. You will notice that the string \10f10009\

shows up in the field Create FOR EACH EXISTING Sampling the SubSamples with the
following Methods. Perhaps the principle is clear already. The next steps are to put 10000 into
MethodID and 2 into Number of SubSamples and press Alt&A, followed by the selection of
the method Precipitate Carbonates from Water with 1 as Number of
SubSamples and again AIt&A.

If all this was done correctly then the final dialogue should look like the following screenshot:

E= Create Samplings and SubSamples @l

Create Samples for Set: 2

Eizting Samplings: 1] Total Number of Samplings wanted: |5
Common Mame Part for all Samplings: |# Start Number: |1

Sampling Start Date: 2001-03-22 05:50:00)  Sampling End Date: | 2001-03-22 15:05:00

Al new Samplings will be fram E sposure:

E xposure: w | ExposurelD:
Create SubS ample(s) for each Sampling existing I ethod|D:
Create SubS amples for Methad: |Precipitate Carbonates from ‘W ater | (10014
e ff S Eempless (i [ (el Sub% amples with this Method for'each S amping? l

Create FOR EACH EXISTING 5ampling the SubSamples with the following Methods:

V1of1 00030201 00001 of1 001 4%

Of course, knowing what to do and knowing the MethodID by heart you could have edited the
string in field Create FOR EACH EXISTING Sampling the SubSamples with the following
Methods also manually. The final step is now to press the OK button, and after a short
confirmative security check a progress bar on the lower left of the main Access window will
indicate how the SubSamples are created. The dialogues close and you can see the newly
created Samplings in the sub form.
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In the last figure I have also included two values for the Sampling Start Date and Sampling
End Date. All Samplings created will have these same values. This is most probably not
correct and you will want to move to Form Samplings and edit the Samplings created. But
indicating the boundaries (the first and the last timestamp in the Set) saves a lot of editing
work later in form Samplings. You might also wish to change other things for the Samplings
like upper and lower depth, that can not be given in the best way with this automated input. In
case the Samplings all come from the same geographical location (a time series of water from
a spring for instance) and if this location was already defined as an Exposure in LabData, it is
possible to indicate this exposure in the dialogue already. Exposures are discussed starting on
page 29. You will also learn more about a more flexible way to create Samplings and
SubSamples in the chapter Import Excel table to Samplings on page 37.

Since I assume that your memory lasts a bit longer than some tutorial pages, you should still
be familiar with the Bachmann Diagrams as seen on page 20. The following picture shows the
diagram for the relations between Sets and Samplings and the relations of tbISamplingSets to
Persons and Dates:

thlSamplings
tblKindsOfDates tblDatesForSets isamplingID
7 | KindOFDateID eaeac] @ [KindofDakelD thlSamplingSets ExpostrelD
:‘nchindOFDateDescriptol E‘isetID 7 |i5etlD T iSetll

dDate nvcReceivingCode
rvcOrderMumber

rvcRemarks rivelameBySubmitter

d3amplingCate

thlsubmitter tblPersonsForSets rvcMissingInformation dSamplingDateEnd
iSubmitterID R <24 ¢ |iPersonID !WCRemaka fUpperDepth
nvchlame v ? |ikindOFPersonID imiarmment FLowerDepth
rvcForehlame tblKindsOfPersons 7 isetin o ERedativefi

LITITTT]] ]

necTitle rvcRemarks
nvcInskitution
nvcDepartment
nvcRoad

nvcRoadiumber

? |iKindOfPersonlID
nvckindOfPersonDescript

nwcRemarks

nviZip

v Town

rvcCountry
nwcPrePhane
nivcPhone

nvcFax

ricEMail

nwvcRemarks e

LTI e

Regional Geographic Information: how to use Exposures,
Areas and Stratigraphies

Besides the ease in use and the better organisation which a database can achieve for a
laboratory, a database also has a high value as an archive that keeps old measurements
accessible even if the operator or laboratory head was retired decades ago. For this
functionality the questions asked normally are not “Give me all the results belonging to Mr.
XY” or “Give me the results of all the Sets that arrived in the lab at date XY but instead
questions are of the type “Give me all tritium results from Germany between 1990 and 2000
together with their exact coordinates”. So, a strong geographical or geological component is
necessary describing the place where the Sampling took place — where is it situated, if
possible coordinates or even a borehole, which stratigraphic unit is it from etc. The way
LabData organizes this kind of information, is what this chapter is about.

Exposures

Exposures are an abstract entity to describe the geographical place at which a Sampling
happened. Any Sampling where the geographical coordinates are known should have an
attributed exposure. Exposure is an abstract concept, so it is not really important if this place
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with coordinates is a sediment core or a well or a borehole or an archaeological site or just a
spot on planet earth where somebody passed by with a GPS system. But in order to draw the
benefits of the concept for an Exposure within LabData, it is important to follow some rules
concerning the coordinates.

To see the information in tblExposures, start LabData and press the buttons Edit Data >>
Exposures. The following form will show up:

E8 Exposures v O X
| ExposurelD] " s i I
[Pt oot [ 'y Eind Exposure Find Exposure from to Form to Lumped New Edit i save
| E from SubSamplelD | Coordi Samplings |, Parameter Models = = E
Expmle Name_JAdelauue Waite Ca-npus ESK! station R
Kind OfExposure Air Samnleng Station ) ) ] v
= . Situated in: Australia; South Australia, ; - . 3
|/ Date of Creation: 11072015 - Longiude:| 138 6369690/ Latiude:| 34 5707790
' Geology: NA ki Try To Convert Coordinates From Submitter
Elevation a.m. !\J 140,00 I.lllcerl‘nill.ty olElavutiﬂn ; . 51 @ :
: P C.asing [mﬂGL}.! . Final Depth: || |
x B =5 A AR AT e i s AR A Tt
Scmen Inp [m]: i Screen Bottom [m}: - I Relative msl |
.Remark: B e H.E"?_I!P("L Ntf axtemal 1D 1 more Smltigrlphi []

¥
| Connectto this Swratigraphy: [ AL i : ]
| Stratigraphic Unit Name = From = To = | Sample

) s..bmmr Longitude: 138 636069 - Submitter Latitude: -34 970779 3 “'Ei?;l?;i'pf.ii'ﬂ.i'.l" [
Kind of Coordinate: 100 dd Empsmducssd " | Uncertainty ml: ; " 10 (ololmus:‘lll;ngraphlc
' Export and Plot... [ Google Earth | Results to Lumpy | i e e I TR Record HANL
| Samplmglfrurndli: Exposure: I o 0"‘“9":. o to Owner... o ; 3 e A o
! SID « Name ot Date « SUD . SLD - Parameters Measured -
| 4080 85Kr Waite#001, 2015-07-20 till 2015-07-27 20/07/2015 5:00:C 85Kr;
4081 B5Kr Waite#002, 2015-07-27 till 2015-08-03 27/07/2015 3.00:( 85Kr ki
: 4250 85Kr Waite#003, 2015-08-03 till 2015-08-10 3/08/2015 85Kr - |1
|9 Record: 144 10279 b M Search [ [
| Mean Values obtained for this Exposure: : Rt F i i
|& Name A/ P+ Mean - Sigma - SUse - SiDev - WuUnc. - MaxDiff - ChiSqu -
B85Kr in Air, Bg/cbm Air 1.30E+00 3.78E-04 277 159E-02 3.78E-04 1.01E-01 1,385.183
2H on Water, %eSMOW 957E+01  4.30E-02 200 1.88E+01 4.30E-02 147E+02 152,946.630
180 on Water, %eSMOW 1.32E+01 3.94E-03 200 4 80E+00 3.94E-03 3.98E+01 1,164,226.637
Record: 14 10f3 bob S(a(rh
cord; 14 4 1470 (,;f._‘;?_jo T ‘;‘ iitarac: Searcn

The more trivial parts of this form are the fields Exposure Name (an identifier that not
necessarily is unique), the Kind Of Exposure (observation well, sediment core...), the Date of
Creation (date of drilling the core or the completion of the well). This form allows the user to
store a file describing details in field Description, like a photo of the core or well or a
technical drawing how the well is constructed. The form also displays at a glance all the
existing samplings for this exposure in a sub-form, with their Sampling Date and the
measured parameters. And for all measurables it also displays the mean value over all times it
was measured.

The most important fields for the geographical relations are the fields Longitude and Latitude.
These are stored as floating-point numbers and are what LabData uses to identify
geographical relations. To do that, LabData needs to perform comparisons like “>" and “<”.
Therefore, the very common UTM and Gauss-Krueger coordinate systems are not suitable for
input in Longitude and Latitude: They are easily understandable rectangular systems, but
because the reference longitude differs from case to case, they are not necessarily unique, and
locations cannot be easily compared numerically. As long as they are related to a unique
geographical datum, one can use degrees in decimal form for Longitude and Latitude. 1
decided to use this approach in all the LabData installations I have to supervise, and to relate
them to “WGS 1984”. This is readable by humans, easily converted to a point on a map,
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comparisons by “>” and “<” are possible and it is globally unique if the southern and western
hemispheres are given negative numbers.

Just to emphasize, it is important that all coordinates stored in Longitude and Latitude are
based on the same coordinate system and the same geographical datum, because already slight
differences like e.g. a change in the ellipsoid can cause shifts of the same coordinate of
several hundred meters. So if for one project two different ellipsoids are used, then a map
displaying the exposures can show exposure A east of exposure B when in the real world the
opposite is true.

Since the original coordinates the submitter sent to the lab should be preserved for the
submitter (e.g. for the final report), these are also stored. The fields for these coordinates on
form Exposures are called Submitter Longitude and Submitter Latitude. Again these two
fields are numeric floating-point values, but they are obviously no unique coordinate system
within LabData and are not used for internal computations. Field Kind of Coordinate
describes the submitter coordinates by their name. Entries might be for instance “UTM,
Ellipsoid WGS84”or “Gauss-Krueger”. LabData is not a tool to perform coordinate
transformations between the internal unique and the different submitter transformation
systems! If such a tool is needed, a search on the web might be helpful: my search performed
on 2004-12-29 resulted in two different free (demo) software packages that will do the job if a
small number of coordinate transformations is concerned. Try for instance
http://www.eosgis.com/ESP/MAIN FRAME.htm and
http://www.allsat.de/en/software_alltrans.htm.

Similar to Sets, the relation between Exposures and Samplings is realized by directly putting
the ExposurelD visible on the upper left of the form Exposures into the field ExposurelD on
form Samplings. Alternatively the Exposure can be selected in field Name of Exposure in
form Samplings. Also here form Samplings provides some feedback: it displays the
ExposurelD and Name of Exposure after the change.

Isotope hydrologists will love the functionality that is hidden behind the button to Lumped
Parameter Models, but this is covered in a separate manual because it is enough content for
a full publication and surely beyond the scope of this tutorial.

The field Situated in is a field that the user cannot change, and it shows all the Areas this
Exposure is situated in, so let’s have a look how Areas are defined.

Areas

Sampling Sets are often submitted without exact geographical information about the sampling
sites. Nevertheless, “fuzzy” geographical information can exist that might be of future
interest (e.g., “SubSamples from the island Mallorca). On the other hand, when results have
to be drawn from the database on the basis of geographical information, in many cases the
query consists of something like “give me all results for exposures situated on this map”.
Both demands lead to the definition of areas as a rectangle defined by the coordinates of the
southwest and northeast corner in which all the sampling points in question are situated.
Following this thought, a network of areas is obtained with relationships that can be
numerically defined: There are areas that completely overlap each other, building a tree-like
linkage structure (like Chicago — Illinois — USA), and there are areas that are situated
completely in several super ordinate areas that do not overlap completely (for example, Green
River — Wyoming — Utah):
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LabData would find those areas that are completely within greater areas and automatically via
SQL triggers and procedures. LabData then maintains the m:n relationships between
samplings linked manually to the areas, connecting them to all super ordinate areas. This is
necessary to find all data in a query for a super ordinate area: “samplings from Mallorca”
could otherwise not be found in a search for “samplings from Europe”.

Things are of course more straightforward for Samplings being related to an Exposure: in this
case point coordinate information exists and the triggers and procedures in LabData will
automatically connect this sampling to the area via “<” and “>" coordinate relations.

To display the form to create and edit areas in LabData, start LabData and press the buttons
Edit Data >> Areas. The following form will show up:

Bl Areas EI@@'

Areald: [ 1) #h | Find Area from SubSampleld ‘ Hew ‘ Edit ‘ Save |
Hame of Area: |Vienna Surroundings '
Superior Areas: | I Their IDs: ‘f I
Dther Areas: | v 1 | hiemarks:
Latitude ofHor thern Margin:
Longitude ofWestern Margin: Longitude of Eastern Margin:
Latitude ofSouthernidargin:
Samplings From This Area:
Sarnpling | Set| Submitter | Exposure | Name by Submitter | Date | SUD | Parameters Fa

L 1 1 1 1 WWell#2, Central Yien 2000-03-01 180; Dy Tritium; 13C; 14C; Waterle
|| 2 1 1 2%ell #1, West Wienn: 2000-03-01 180 D Tritium; 13C; 14C; Waterle
|| 8 1 1 3Well #4, East Yienna 2000-03-02 180 D Tritium; 13C; 14C; Waterle
|| 4 1 1 Aell #3, South Vienn 2000-03-01 Tritiure: 13C; 14C; Waterlevel;

5 1 1 5Well #5, North Yienn: 2000-03-02 Tritiurn; 13C; 14C; Waterlevel; bt

of 5 < b

Record: E [ 1 [ 1]

Exposures in this Area:
ExlD Exposure Mame | Existing Results -

L 1 %ienna Central 180; D; Tritium; 13C; 14C; Waterlevel;, 15M; 345;
2 Yienna Yest 180; O; Tritium; 13C; 14C; Waterlevel
3 Vienna East 180; O; Tritium; 13C; 142 Waterlevel
4 Yienna South Tritiurm; 13C; 14C; Waterlevel;
5 %ienna Morth Tritiurm; 13C; 14C; Waterlevel; bt
Record: E ’71 [(» J»1]r of 5

Record: E 1 [I][E of 1

The fields that define an area are the ArealD (which as usual is defined by LabData whenever
you create a new area), the Name of Area, the Remarks and the corner (or boundary)
coordinates Latitude of Northern Margin, Longitude of Eastern Margin, Latitude of Southern
Margin and Longitude of Western Margin. All these fields are straightforward in their
meaning.
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Define a new area by pressing the New button and typing in the name and values as in the
figure above. As soon as you press the Save button (or use the PgUp>>PgDn combination) to
submit the new data, LabData will show you that the trigger functionality on the server side
found five samplings in this area. This is because the Exposures have coordinates and because
the SQL procedures find the exposures situated in an area. They then establish the m:n
relationships between areas and exposures and afterwards the n:m relationships between areas
and samplings. The reason why LabData works with the relations instead of directly with the
coordinates is that this saves computing time for a query: no further coordinate computations
are necessary but only a determination of links between tables, for which the database
software is optimized.

To test the functionality without exposures try the following: Create a new Area called
Schoenbrunn with the coordinates Latitude of Northern Margin=48 .2, Longitude of
Eastern Margin=16 .35, Latitude of Southern Margin=48 .18 and Longitude of Western
Margin=16.33. Create another Area called Austria, with coordinates Latitude of
Northern Margin=49.1, Longitude of Eastern Margin=17.2, Latitude of Southern
Margin=46 .3 and Longitude of Western Margin=9 . 4. Save both areas. You will notice that
Schoenbrunn is situated now both in Austria and in Vienna Surroundings — as it
should be.

Now open the form Samplings, create a Sampling with the Name A Sampling from
Schoenbrunn and relate this sampling to the area Schoenbrunn. To do this you select (still
on form Samplings) Schoenbrunn from the field more Areas, and press the button
Connect Sampling to this Area. After pressing OK on a short MessageBox you will notice
that this sampling now 1is attributed to Schoenbrunn, but also to Vienna
Surroundings and to Austria, since LabData noticed that the latter two fully overlap
the area Schoenbrunn. Reopening form Areas will tell you that your new sampling is
shown on the sub form Samplings From This Area for Schoenbrunn (which is the easy
part) but it is also shown in Vienna Surroundings and in Austria although you never
gave coordinates to this sampling and although you even do not know the exact origin. Isn’t
that nice?

Stratigraphic Units

Especially in groundwater, but also in sediment studies it is often useful to classify data by the
stratigraphic unit they come from. The problem is similar to the relations between Areas,
Exposures and Samplings. An Exposure can create samples from several stratigraphic units —
just think of a sediment core that cuts through several layers. And of course, a stratigraphic
unit is an extended object through which many sediment cores can be drilled. Or a
stratigraphic unit could correspond to an aquifer in a multi-layer aquifer system, and there are
many wells in this aquifer. The similarity to Areas extends in that Stratigraphic units can be
hierarchical: The Paleogene can be subdivided into Paleocene, Eocene, Oligocene, Miocene
and Pliocene. And perhaps we do not know from which of these layers come and just attribute
it to the Tertiary, or we may know that it comes from the Oligocene and then we want to
receive the results also if we start a query asking for all samples from the Tertiary. So, one
stratigraphic unit can have many sub-units (but one sub-unit has only one superior).

To make these relations usable, LabData has three tables in complete analogy to the Area-
Exposure-Sampling Trio. And it also has the necessary triggers and procedures to maintain
these relationships. Table tblStratigraphicUnits provides the names and IDs for any
stratigraphic unit. Table tblStratigraphicUnitsExposures on one hand creates the m:n
relationship between exposures and stratigraphic units. On the other hand it is also like a
stratigraphy table for every exposure. You can define for each exposure which stratigraphic
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unit is found here from which upper to which lower depth. If the exposure is a drill core or
groundwater well, then this table gives the geologic context. If it is a well that is screened,
then only some of these stratigraphic units can be sampled for groundwater and this is
indicated in a flag (bExposureCanSample). On form Exposures you have buttons to connect a
stratigraphic unit to the exposure and if you press it, a dialogue will ask you from where to
where this unit goes in the exposure and whether it can be sampled or not. A core could be
sampled everywhere, a well with casing only in the screened interval. If you do this, triggers
will take care that all existing samples from this well will accordingly be attributed to the
stratigraphic unit. Similarly, if you get a set of samples from a core and the stratigraphic table
for this core is existing already, then importing the samples with the correct depth
(fUpperDepth and fLowerDepth) will sort them to the according stratigraphic units.

The following picture illustrates the relations between tbldreas, tblExposures,
thbiStratigraphicUnits and tblSamplings for those who want to understand some details how
LabData works.

tblAreas tblSamplings
¥ ifrealD = P iArealDd ;ﬁ 7] ?SamplingID
strSuperiorireas % iSamplingID O:,J iBxposurelD
nvchreaMame bManualEntry tblExposures isetlD
fSWlengitude % @ iExposurelD | nvcNameBySubmitter
fSWiatitude nveExposureMame dSamplingDate
fMNELongitude '_F nvcKindOf dSamplingDateEnd
fNELatitude Soc] B iArealD nveGeology fUpperDepth
nvcRemarks ¥ ibxposurelD fLongitude flowerDepth
flatitude bRelativeMM
fElevation nvcRemarks
T
% nvcExternallD
iExposurelD A fElevationAccuracy
fFinalDepth
fSecreenTop

fScreenBottom

dCreation

. . . Descripti
tbiStratigraphicUnitsExposures btklated S i

fimpertlongitude

tblStratigrap

- @ iStratigraphiclD @ iStratigraphiclD
R 5 fimportLatitude
nvcStratigraphicName ¥ iExposurelD o
nvcRemarks fDepthFrom nvecCoorkind
L===ps iSuperiorUnit fDepthTo fCoordinateAccuracy

nvcRemarks

bExposureCan5ample

fCasingHeight

¥ iStratigraphiclD

7 iSamplinglD
bManualEntry

Data Import

The import from Excel tables into LabData follows some general rules. The import algorithm
first searches a primary keyword in the Excel table, something like ExposureName,
NameBySubmitter or ValueForProcedure. When the cell with this keyword is
found, the row in which this cell is situated is defined as the header row for import. The
algorithm then searches other keywords that represent the headers for other table content, like
ScreenDepth or SamplingDate in this same row. After finding them, the algorithm will
import all rows between the header row and including a last row the user indicates, and will
try to import the cell content into the appropriate table (tb/Exposures, tblSamplings,
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thISubSamples). As a rule of thump the keywords to search for in the Excel table are the
column headers of the appropriate tables in LabData without the type identifiers, written as
one word. So instead of nveNameBySubmitter it is NameBySubmitter, instead of
dSamplingDate it is SamplingDate and so on.

If the user wants so (which is recommended), the algorithm will write back the new ID
created during this import (the ExposurelD, SamplingID or ValuelD) into a column of the
Excel table that the user has to specify. For every row where the import fails, a message box
will be displayed and the ID written back will remain empty. So import failures can be
detected easily. In case the ID already exists, the import algorithm will perform an update of
the information in the database. The following two examples show where this update
mechanism is very convenient: 1) when a set of new wells is drilled and does not yet have
coordinates, but already a first set of SubSamples exists, you will probably already start with
the analyses in the lab. Whenever you get the table with the final well descriptions, just re-
import it with the appropriate ExposurelD and the correct coordinates will be placed in
LabData (and no new exposures will be created). 2) When you have post-processing
mechanisms before an import to LabData and have to repeat this post-processing with
different parameters after import to LabData, then it is important to replace the former values.
Many stable isotope labs have their own spreadsheets for linearity and drift correction and for
renormalization to the SMOW/SLAP scale. Maybe you learn later that you have to use a
different kind of drift correction for a certain measurement day. Or maybe you had a type
mismatch for a SubSamplelD in this spreadsheet. If the column ValuelD exists for these
imported values (and only then!) any re-import will not create duplicates, but make sure that
the former values are corrected. In a more abstract formulation you create a foreign key
relation between the LabData table and your spreadsheet table by copying the primary key
from LabData.

Please note for all imports: in case the Excel workbook was closed or hidden during import, it
will be hidden if opened next time after import. The Excel command Windows>>Unhide
will change this state if you open the workbook the next time after import. The reason why
the workbooks are hidden is unclear to me. My Visual Basic code just does the necessary
communication using the COM (component object model) functionality that is distributed
with Excel. Obviously COM notices that the workbook is not visible during import and keeps
this attribute during saving of the workbook. Sorry for that and a glass of wine to the first who
can explain me how I can change it...

During the following steps we will import information on exposures, create samplings and
SubSamples and import some measurement values. The information comes from the file
TutorialImportExamples.x1s thatis distributed on the installation CD.

Import of an Excel table to Exposures

The keyword for the import of exposure information is ExposureName. The other
keywords are the headers of thblExposure without the type specification. So instead of
nveKindOf it is KindOf (“nve” stands for “new variable character” and describes unicode
strings in a database), instead of fLongitude and fLatitude it is Longitude and Latitude
(“t” stands for “float). An example for a valid import table follows, which is taken from the
sheet Exposures in file TutorialImportExamples.xls:
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Ed Microsoft Excel - TutorialExamples.xls =}
J@ Eile Edit ¥iew Insert Format Tools Dats Window Help Adobe PDF ;li‘ﬁd
DRi SRy |iead|o-o- @z aslil@esy -0.) ) osewuny. B2 oe.“‘@'@ﬁ|

| Mol - arial - 10 vu?l g|§ E@‘sgy,,:ﬁg;ﬂg _§|'“.&.Av
B3 | = ExposureName
A | B e [ o [T & T F 6 ] Ho [ T T M [ N [ 0

1
12|

3 |ExposurelD [ExposureName |l atitude | i Elevation E i Screen Top S RelativeNN Creation FinalDepth Remarks ImportLatitude ImportLongitude CoorKind
ER Lehrte 52.4 10 55 1 10 745 TRUE 01.07.2000 60 south of th 5B07666.6 3567974 3 Gauss-Krueger
[E5 Wunstarf 524 9.45 55 2 15 12 TRUE 03051935 45 municipal ¢ 58072910 3530543 0 Gauss-Krueger
| 6 | Pattensen 52.25 9.76 a5 1 22 25 03.06.2003 30 private garc 57807756 3551816.0 Gauss-Krueger
17| Stadion 62.4 975 55 1 -50 75 TRUE 12.08.1880 160 behind the 5607 460.8 3550960.3 Gauss-Krueger
18 | Langenhagen 525 974 a5 3 o -5 TRUE 19.08.1983 70 on the airp 5818580.2 3550165.8 Gauss-Krueger
g

W[4 [» [»]\Exposures ; Samplings / values / 4]
loaw- b G| tumshepes- \ N OCEHAE &-L-A-===0d .

Roah =] T [ mm =

Please note that the writing of these headers is strict and case sensitive. So with
Screen Top or screentop the information will not be found. But the order of the
columns is not strict: if Elevation stands in the first, third or 100™ column, it will be found
as long as it is written in the same row as ExposureName. The import into the tables
tblExposures, tblSamplings and tblValues, including the creation of SubSamples is done with
the dialogue form Import from Excel that shows up if you press the button Import Data on
the start screen:

& Import from Excel =10/ x|

Impert Workbaok: Defing the Excel wWorkbook, ..

ID A5 amplestLabD ata ManualsT utorialE xamples.=ls

Sheet: [Values [ Last Line: [15

Import Exposures | ¥ iits ErposurelD back to column: IEHstureID

Import Samplings | ¥ write SamplinglD back to column: ISampIingID

¥ create SubSamples:  Methods: |1 0000410009410014

Procedures: |\1\2\3\
Import Walues |
¥ wite ValuelD back  to column: IVaIueID
Import of Gamma Data | Exit |

Open this dialogue, press Define the Excel Workbook and select the Excel workbook
TutorialImportExamples.x1ls from whichever directory you copied it to. You can
select then the appropriate sheet in this workbook: for import of exposure information in this
tutorial and file TutorialImportExamples.x1ls it would be Exposures. For this
example the field Last Line can be 10. Since our example workbook has the appropriate
column, make sure that write ExposurelD back is selected and that the entry in to column is
ExposureID. Then press the button Import Exposures. The progress bar at the bottom of
the Access main window will indicate import progress. Look into the form Exposures and you
will find five new wells in the vicinity of Hannover, Germany. Note that the fields Screen Top
[m] are empty for all these new wells. This is because the Excel table had Screen Top in
the header row instead of ScreenTop. Correct this type mismatch and if you decided to
store the ID, you can repeat the import and the information will be found and imported
correctly. Just try it...

The following table summarises the necessary header keywords for the import, the headers in
tblExposure and the field in the form Exposures that belong together:
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Header for Import  in tblExposures On form Exposures Comments

(user defined) iExposurelD ExposurelD Will be defined by
LabData during import,
column where to write
back is user defined

ExposureName nvcExposureName Exposure Name Self-explaining

KindOf nvcKindOf Kind of Exposure Well, Sediment core...

Longitude fLongitude Longitude Geogr. Coordinates for
Area search

Latitude fLatitude Latitude As Longitude

Elevation fElevation Elevation a.m.s.1. Measured elevation of
ground surface

ElevationAccuracy fElevationAccuracy Uncertainty of Elevation ~ Uncertainty of elevation
inm

FinalDepth fFinalDepth Final Depth Depth to bottom of well
or core

ScreenTop fScreenTop Screen Top [m] Distance of ground
surface to top of screen

ScreenBottom fScreenBottom Screen Bottom [m]

RelativeNN bRelativeNN Relative m.s.1. Valid only for Screen Top
and Screen Bottom

Creation dCreation Date of Creation Start/finish if drilling. ..

ExposureRemarks nvcRemarks Remarks Anything important for
this exposure...

imPicture Picture A graphic file like jpg or

pdf, can not be imported
from Excel!

ImportLongitude flmportLongitude Submitter Longitude The coordinates the
submitter indicated,

ImportLatitude flmportLatitude Submitter Latitude can be different from the
LabData coordinate
system.

CoorKind nvcCoorKind Kind of Coordinate Describes the submitter
coordinates

CoordinateAccuracy fCoordinateAccuracy Uncertainty [m] Uncertainty of
coordinates in m

Geology nvcGeology Geology A string describing the

Import of an Excel table to Samplings

The primary keyword for the import of sampling information is NameBySubmitter. The
other keywords are the headers of tblSamplings, as in case of Exposures without the type
specification. An example for a valid import table is the sheet Samplings in file

TutorialImportExamples.xls, of which a screenshot follows:
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The following table summarises the necessary header keywords for the import, the headers in
tblSamplings and the field in the form Samplings that belong together:

Header for Import in tblSamplings On form Comments
Samplings
(user defined) iSamplingID SamplingID Will be defined by
LabData during import,
column where to write
back is user defined
ExposurelD iExposurelD ExposurelD Foreign key, to be
searched in
tblIExposures
SetID iSetID SetID Foreign key, to be
searched in
tblSamplingSets
NameBySubmitter nvcNameBySubmitter Name by Submitter ~ The (hopefully unique)
name the submitter gave
to the sampling.
SamplingDate dSamplingDate Sampling Date Date and time of
(Start) sampling, with
resolution of seconds
SamplingDateEnd dSamplingDateEnd Sampling End Date and time for end of
sampling
ElevationAccuracy fElevationAccuracy Uncertainty of Uncertainty of elevation
Height inm
UpperDepth fUpperDepth Upper Depth Screen top for wells,
distance from top of
core for sediment cores,
unit normally [m].
LowerDepth fLowerDepth Lower Depth See above
RelativeNN bRelativeNN relative m.s.1. States the base point of
the two above
SamplingRemarks nvcRemarks Remarks

SubSamplesWithMethod###

SubSamplesWithMethod###Remarks

SubSamplesWithMethod###DateTime
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SubSampleID### If this column is given,
the created
SubSamplelDs are
written to this field, as
string where the Ids are

(732

separated by “;

During the import of Samplings, many SubSamples of any kind can be created automatically
for any Sampling. To achieve this, make sure the header row contains a cell with the string
SubSamplesWithMethod### where ### stands for the method with which the
SubSample is to be created. In the rows below define the number of SubSamples to be created
with this method. If the cell is empty or contains a non-numeric value, no SubSample will be
created. If you repeat (or better “update”) the import and the SubSamples exist already, no
further SubSamples will be created, if the SamplinglD was written back to the Excel sheet. In
the screenshot above, four SubSamples for stable Isotopes would be created for the sampling
called “Hannover #4”, but none for sampling “Hannover #3”. Besides these entries in the
Excel table you have to make sure that on form I/mport From Excel the checkbox create
SubSamples is marked. And you have to indicate the methods for which you want to create
SubSamples in the text field Methods, as indicated on the screenshot on page 36. Note that the
numbers of several methods are separated using the backslash (\).

In case you want to create SubSamples you can get a feedback on the SubSamplelDs created
into the import Excel table. To use this feature, provide a column with the header
SubSampleID### in the Excel table where ### corresponds to the ID of a valid method
for which you want to create SubSamples. After creating the SSIDs LabData will write them
to this column. In case you want more than one SubSample to be created, LabData will
concatenate the IDs into a string separated by ““;”.

Of course the submitter can provide you a table where the information about the SubSamples
is stored in. But she/he often does not know the according SubmitterID and obviously
normally does not know the SetID. Therefore you create these IDs when you receive the
table. The ID for Set, Exposure and Submitter have to exist in LabData prior to import,
otherwise an error occurs. So create a new Set before you import the Samplings in this sheet,
and write the number of this set into the column of the Excel sheet. You notice that a little
effort in editing the table provided by the submitter is normally necessary. The following hint
might help in some cases: If the necessary information about the exposure is given in the
same excel table as the information about the samplings, and if no two samplings come from
the same exposure, you can just add a column, give it a header ExposureID and first import
the Exposures and then the samplings from the same table. LabData will write back the
ExposureID in the first step and import it then correctly during the second step.
Alternatively, for the screenshots above it is possible to copy and paste the ExposureID from
sheet Exposures, which was written back to the Excel workbook in the tutorial step before.
You should now easily be able to import the Samplings in sheet Samplings in file
TutorialImportExamples.x1ls and create the SubSamples indicated in there. To do
so, select Samplings in field Sheet and click Import Samplings on the form Import From
Excel (figure page 36). In the even more convenient case that every Sampling has only one
SubSample and that the submitter provides values to be imported also, you can use the
SubSamplelDs created during import of the Samplings for the import of values. Just think
about it and check it out!
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Import Excel table to Values

The primary keyword for the import of values is ValueForProcedure### where “###”
denotes a valid ProcedureID. Analogue to the import of Exposures and Samplings the other
keywords are the headers of ¢th/Values without the type specification. An example for a valid
import table follows, which is a screenshot of the sheet Values in file
TutorialImportExamples.xls:
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You will notice in the screenshot that in contrast to the import routines above for samplings
and exposures the headers for the values always contain the substring ForProcedure# ##
where ### is a valid ProcedurelD. The reason for this is that the import can be made much
more flexible with this approach, because many values for a pair of SamplinglD and
SubSamplelD can be imported at the same time this way. If you open the file
TutorialImportExamples.xls you will notice that there are more columns than
shown in the screenshot, and they correspond to other procedures (for the parameters D and
130). All these values will be imported in one run during the import routine. Whenever a
combination of SubSampleID and SamplingID is not valid or whenever a cell under
ValueForProcedure### 1is not numeric, this value cannot be imported and an error
message OCcurs.

If you imported the samplings during the last step of the tutorial you should be able to find
three valid SubSamples from this new set and write their SID/SSID into the excel sheet. Then
you can import the values selecting Values in field Sheet and pressing the button Import
Values on form Import From Excel. Note that for every procedure you want values to be
imported you have to write the number of the procedure into field Procedures of form Import
from Excel, separated by backslash (\). Also note that the column header to write back the
ValuelD is not really the full column header but only part of it: the algorithm will add the
procedure number to the string (in case of the screenshot of page 36, the correct headers will
be ValueID1, ValueID2 and ValueID3).

The following table summarises the necessary header keywords for the import, the headers in
tblValues and the field in the form Values that belong together:

Header for Import in tblValues On form Values Comments

(user defined plus ###) iValuelD ValuelD Will be defined by LabData
during import, no column to
write back the ID.

(given as substring ### in  iProcedureID Procedure Foreign key, to be searched

any imported header) in tbIProcedures. No own
column exists.

SamplingID iSamplingID SamplingID Foreign key, to be searched
in tbISamplings

SubSamplelD iSubSampleID SubSamplelD Foreign key, to be searched
in tbISubSamples
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StartDateForProcedure### dStartDate Start Date Date and time of start of
measurement, with
resolution of seconds

PreFixForProcedure## cPreFix Indicates below detection
limit (“<”) or out of range
(>

ValueForProcedure### fValue Value The measured value

ErrorForProcedure### fError + The measured uncertainty

LockedForProcedure### bLocked Locked If not to be used for mean
values

RemarksForProcedure### nvcRemarks Remarks

Data Export

A database would not be very useful, if you could only insert data and were not be able to get
them out somehow. The GUI of LabData already gives you a lot of feedback on the state of
your samplings and their organisation, if you are willing and able to use the functionality.
Besides that, it is of course always possible to use the built-in functionality to create queries
that is inherited from Microsoft Access itself. This is not very difficult and does not need an
understanding of the SQL programming language since there is an easy-to use graphical
query editor in Access. Try it using the Create ribbon, move to the Queries and use the
query wizard. Many of the things you can do here is self explaining, however, according to
Murphy’s law, the stuff you will need most urgently probably is not. This tutorial will not
describe the details how to create a query, but you can find that in every textbook on
Microsoft Access®. This functionality enables you to query really any information that is
stored in LabData at all.

Existing Access tables and queries can also be used in Excel directly: to do so, you have to
open Excel and use the menu command Data>>Get external Data>>New Database Query.
This will show you all existing ODBC connections and allows also connecting to
LabDataGUI selecting Microsoft Access Database and LabDataGUI.mdb. Here
you can select any existing query, but you can also create your own, because you are in a
query wizard similar to the one in Access itself.

Export to Google Earth

On each of the forms Areas, Exposures, Persons, Projects, Sets and Stratigraphic Units you
will find a button Google Earth. If you click this button (and Google Earth is installed) the
positions of all Samplings that have Exposures with coordinates will be transferred to Google
Earth. The forms also allow you to select a Measurable and a Colour Map that codes the
measured values into a colour and symbol size. If you do select these two fields as well,
Google Earth will display the results as map. An example is below, which displays the
chloride concentrations in groundwater in the Great Artesian Basin, the data is from Radke et
al. (2000).
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Google Earth

This is probably the quickest way to get data into a display. However, I have not found a way
yet to create a legend for the values in Google Earth. Also, the degree of numerical analysis
possible this way is rather limited. LabData therefore has much more powerful tools to
display and analyse data.

Export to Spreadsheets

Most users do not need all kind and combination of information stored in LabData in their
daily life. And many are not willing to learn how to create SQL queries — even not with the
easy to use Access graphical interface. For those users who wish to stay in the pre-defined
graphical user interface of LabData, a form was implemented to export final data to an Excel
sheet. The problem creating such a form is that it is content dependent. The programmer
knows all attributes of LabData and can query all the Measurables that a user stored in
LabData. But it is never possible to create a graphical user interface for all possibilities of
results to be computed from these attributes and measurables. Therefore, this export form for
principal reasons must be incomplete concerning the ability to query any possible
information.

Start LabData and press the button Export Data. A form will show up, headed Export to
Excel and Plot:
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This looks complex but don’t feel overwhelmed, it is quite easy to use. As usual, we will
work through and explain this form roughly from top left to bottom right.

In the upper left you see a block called Data Anchor, where you may select the top-level
handle with which you want to grab the data. You can choose one of the six tables of attribute
data discussed on pages 23-34. Since we started this form from the general menu, Area(s) is
selected here, which is the default. Next to the right you see the list Areas where you can
select those area you wish to export data from. Just mark the field Select if you wish to have
data from an Area exported to Excel. If you change the data anchor, this table will change as
well. So e.g. if you select Person(s) in the block Data Anchor, the table will change and be
filled with the names and forenames of all available persons in LabData.

The form Export to Excel and Plot is reachable from the forms Areas, Exposures, Persons,
Projects, Sets and StratigraphicUnits as well, clicking on the button Export and Plot...
available on each of these forms. Whenever you navigate to the form from one of the other
anchor points, this anchor will be selected, and the table be filled accordingly. Since LabData
assumes that in this case you will wish to export data from this anchor, the according ID of
this anchor will also be selected. Just try it by clicking button Export and Plot... from one of
these forms.

The minimum information you will obtain as output during export with a selected anchor is
the SamplingID. Try that using Set 1 as the only anchor. But, of course, you may wish to
export more data. For instance directly after editing of importing Samplings and SubSamples
for a new Set — and before anything was measured yet — you may wish to create a user
defined Excel list with the date of sampling, the depths and all available Exposure
information. These are called attribute data.

Attribute Data

Attribute data are those data that are not produced (measured) in your lab, but that describe
the origin of a sampling or SubSample. Examples are the Sampling Date, the Name by
Submitter, the name of the exposure and so on. So, let’s imagine you want to have in your list
the Sampling Date, Upper Depth and the Name by Submitter, together with the Latitude and
Longitude of the Exposure. These are selected in the table directly below the anchor blocks by
just ticking the appropriate Select box.
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Select the following attributes using Set 1 as anchor: Sampling Name by Submitter,
Sampling Date, Sampling Upper Depth, Exposure Latitude and
Exposure Longitude. For some of these attributes you will have to scroll down in the
table. You may notice that after each selection a number shows up in the field Col of this
table. This number is the column in which the output is placed in the Excel table, so Col=1
corresponds to column A in Excel, Col/=3 to column C in Excel and so on. Perhaps you also
noticed that that the name of the attribute table always comes in front of the attribute:
Sampling Name by Submitter is from table Samplings, Exposure Latitude is in table
Exposures and so on. This makes the selections easier because you more easily find the
attributes. Press button Export to Excel on the very right of the form and see what happens.
LabData creates a new Excel workbook containing a sheet Sez/. For each selected attribute an
own column is created with the according header. This column will be at the position
indicated by the number in Col, which can be easily changed by the user. In case there are
gaps in this numbering, LabData creates empty columns with Column# as header and # the
corresponding number. You may wish to verify this changing the number of Sampling Upper
Depth (which should have number 4 according to the sequence above) to 8 and export again.
Now LabData creates two empty columns, headed with Column4 and Column7. Also note that
all cells for which LabData has no information will be empty, for instance for our selection
Sampling Upper Depth is empty.

In most cases in a laboratory, however, you will not only wish to export the attribute data that
you ideally knew before starting your work, but you will export the measured data as well.

Measurement Results

The table below the data anchor block contains not only attribute data but also measured data.
You may have noticed that this content of the table is renewed whenever you change the
anchor selection and whenever you change the selection of anchor IDs. This tells you that this
table is filled in an intelligent way: LabData shows you only those Measurables that were
measured for your selection of anchor IDs. Also, LabData will give you the possibility to
select the uncertainty for most measured values. Please remember: a measurable is the
combination of Parameter (like '30, 2H or Tritium), Unit (like VSMOW, VPDB or ppm) and
Material (like Water, Nitrate, carbonate...). %0 on Water therefore must be a different
measurable than '*O on NOs (sounds reasonable, isn’t it?). For our case we want to select the
results for tritium, the stable water isotopes D and '*0, and the results for '*C and *C. So
please tic the Select for Tritium on Water, 180 on Water, 2H on Water, 13C
on TDIC H20, %oVPDB, 14C, %. Submit the query clicking Export to Excel (or
pressing Alt&0). As expected, you will find the measured results also exported in the Excel
sheet. Keep this Excel sheet open for the next step.

As soon as you have measured data it makes sense to test what the effect of the tic mark
Results Only on the lower right of the form might be. Tic it and repeat the export by clicking
Export to Excel again. Comparing the two Excel sheets you will notice that this time you
have less rows exported. LabData in this case exported those rows only were at least one of
the selected Measurables was actually measured. In case no results exist (as for SID xy), the
row is omitted.

Up to now we only demonstrated that LabData can do what everybody expects a database to
do: to store data and to show and export data. But LabData also has post processing features
and can compute (sometimes with quite complicated algorithms) secondary results from
actually measured data.
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Secondary Functions

In a laboratory for geochronology or isotope hydrology for instance you may have measured
radiocarbon (1*C) on a sample with the purpose to determine the age of the sample. But up to
this point we have no means yet to really get this age displayed. In the middle table of form
Export to Excel and Plot, with the header Values to compute from selected Attributes and
Measurables, you will find the names of functions that compute results from measured data.
For instance, you will find functions here that compute the average depth from the upper and
lower sampling depth, which is defined as (Upper Depth + Lower Depth)/2. For the Set just
selected, there are several functions that compute radiocarbon ages. These are model ages for
geochemical correction formulae which can be found in the appropriate literature. Another
example for isotope hydrology would be the deuterium excess d, computed from '*0 and D
according to the formula d=D-8*%0. This way LabData can export any function that can be
programmed in Visual Basic, and many useful functions of this kind are defined already.
Some, but not all of them are documented in the LabData Manual. As an example, we will
export the Depth Screen Midpoint below Groundwater and the Depth Range
Exposure of the Exposure together with the Deuterium Excess and the 1*C corrected
Closed System '*C Age (Pearson & Hanshaw 1970), called 14C Age Closed System.
Open Export to Excel and Plot and press Clear All Selections to create an empty form. Select
Set (s) as Data Anchor and Set 1 as the only anchor ID. Select the functions discussed
above. If you have a look at the attribute and measurable selection you will notice that
LabData itself selected several attributes and measurables. LabData does this because it
knows that these measurables and attributes are necessary to compute the secondary
functions. Select Tritium on Water as an additional measurable please. Your form
should look similar like the following picture:

Selection Form to be displayed.

Try the export and you will observe that the radiocarbon age of the selected data ranges
between xy and xy. Already from the numbers you may notice that the radiocarbon age
increases with depth in a systematic manner. However, it is much nicer to have a plot of these
data readily created in Excel during export.

You might have noticed during selection of secondary functions, that this table contains many
entries. It is far beyond the scope of this tutorial to explain in detail what these are useful for
and how the numerical recipe behind works. If you are interested in these functions and how
to create own user-defined functions in this field, you must consult the LabData Manual.

If you want to have data from more than one Set selected simply tic these other Sets as well in
field Select in the upper left. LabData then will create one worksheet per selected anchor ID,
in this case one worksheet per set. In case you selected any other data or in case your form is
not empty in the other fields by any reason, the button Clear All Selections will help to
achieve a virgin state of the form. If you want to keep for instance the selected anchors but
delete only the selection of measured and attribute data, you use button Clear All Data.
Similarly, and self-explaining, the buttons Clear All Functions and Clear All Charts work.

Creating Excel Charts from LabData

Getting the numbers and attribute information out of the database into Excel is nice, but how
much nicer would it be to also generate a plot of the data! This is what the lowermost part
Plots to create is good for.

With this output you created, it would be easy to see from these graphics that all stable
isotope results lie on the meteoric water line. You can see from the depth profile of tritium
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that groundwater containing trittum is only found at depth shallower than 50m. So
groundwater at greater depth might probably be older than 40 years. And you will notice that
the '*C groundwater model ages according to the closed system model increase with depth. So
adapting the Excel Workbook used for output to your special needs can give you the
opportunity to obtain the very first interpretations on any queried dataset by just pressing a
few buttons.

Comparing results with Theoretical Functions

Charts are only useful if the compare data with a conceptualisation. This may be as simple as
a straight line or even clustering of values in regions that are known already. This is what
theoretical functions are good for. They allow you to display data in the context of models
describing the data.

One of the simplest and most common plots in the world of isotopes is the comparison of
measured values of !0 and 8°H with the Global Meteoric Water Line (GMWL).

Parameters

Storing and retrieving Export Schemes

Now you’ve come so far exporting, displaying and modelling your data, I am sure you want
to preserve this and not generate it again next time when the results for a few more samples
trickled in. The way to preserve this export is to press the button Save as New Export
Setting. You will be asked to provide a name all what you selected and as soon as you press
the OK button you can retrieve this export again. You can test this by pressing the button All
to select the Anchor & IDs, Data, Functions, Charts, Maps, Parameters, selecting xxx in the
selection field Name of Export Setting and then pressing the button Read Export Setting.
LabData will populate the whole form, including necessary measurables, secondary functions,
theoretical functions, plots and the only thing you need to do is press the button Export to
Excel to see the results. Note that what you store is a scheme. That means it is dynamic in the
sense that the output changes if new data are available or if stored data change. If you
remember the section “Numerical Procedures on the Server” any re-measurement of a
SubSample will change the mean value for this measurable. Any new Sampling with new
SubSamples and measurements will now be displayed as well.

Putting together a new export scheme can be quick and easy. If you have selected a Data
Anchor, for instance a stratigraphic unit, and just want to quickly control a certain plot for this
anchor, you can select this plot with the tick box Single Chart ticked and press Read Export
Settings. LabData will select all the data necessary to display this plot. Of course you can
successively add more plots and select more data.

If you’ve worked through the tutorial this far then you’ll probably ask yourself what the sub-
form Maps to create will help you to do. Well, it will do exactly this: create maps, in MS
Excel. But this is something to be explained in the manual.

Additional Features

It is neither the scope of a tutorial nor did I try to describe the full functionality of LabData
here. Probably this will never be done, since LabData evolves steadily. But nevertheless, the
LabData Manual will evolve with a similar speed and already contains some additional
information not described here. This information for instance includes details about the forms:
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If you ever asked yourself what the ToBeDone in form SubSamples is good for, what the “Old
Identifier” are that exist on many forms, or what the meaning of a Detection Limit, an
Accuracy Limit and the Computation Parameters on form Procedures could be (page 17), you
might find an answer there.

It will also contain information on special forms for special measurement techniques
implemented in the Hannover, Vienna and Adelaide laboratories. Examples that are described
already or that will be described soon are proportional gas counters for '*C and tritium,
electrolytic tritium enrichment, vacuum distillations and dilutions, Gas Chromatography and
grain size measurements and the whole complex post-processing for noble gas measurements.
Also the form(s) concerning Lumped Parameter Models are described in a separate manual.
Besides that for the export of data a list of secondary result functions can be found in the
manual, that probably never will be complete but that is nevertheless quite useful. So, I would
encourage the reader of this tutorial to have a look into the manual. If the desired feature is
not yet described, it is at least worth to come in contact with me and ask for an update of the
manual. Either you are lucky, and the feature is described meanwhile, or you can have the
necessary short information via email.

Your Future

There are two ways for you to proceed now. One way is to keep LabData as it is and to start
to hack your own data in. This has the disadvantage that there exist some Samplings,
SubSamples and Values in your Database that are only worth existing for the tutorial. This is
only a cosmetic disadvantage and should not be a large problem. At any time, you can decide
to destroy the data of the tutorial: This is done using the menu command Edit>>Delete

Record or with the toolbar button with the cross in red: "8 . Of course, this is only possible if
you have the permission to delete something on the SQL server level. Such permissions can
be defined with a high level of detail in SQL server: you in principle can control which login
is allowed to do what for any single table, but this of course would be quite a large
administrative effort. In the laboratories where LabData is installed to date the permission to
delete records for example is given to very few persons only, more persons have the right to
edit data, often specific to some tables, and many persons have read-only access to the data.
Please note that deletion is only possible from the back end of the relations. So you first have
to delete all values before you can delete the SubSample, you have to delete all SubSamples
before you can delete the Sampling and so on. There are some helper functions in the GUI
and some of these are described in the manual. The ID values for the deleted records will not
be used any more, so you will have some gaps in your database.

The second way for you to proceed is to recreate the table structure, the Procedures and
triggers as described on page 22, but either without any tables filled (leave out file LabData
Tables Fill for Tutorial.sqgl completely) or with a version of initial data without
procedures, Samplings, SubSamples, and results (use file LabData Tables Fill.sgl
instead). The former gives you the opportunity to define your parameters, kinds of
coordinates, materials, units and so on from scratch, but I would not encourage you to do this:
you will probably have to consult the manual even for the definition of a simple procedure
and will probably be discouraged by many error messages. The latter is recommended
because it provides you with a basic set of parameters, materials, units and measurables and
you can directly start to define procedures.
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And Thanks...

Several persons contributed in one way or the other to this software, some of them are
probably not even aware how much.

Gudrun Drewes was the first person that really tried to apply the software and gave me the
opportunity to erase the first severe errors in the GUIL She contributed a lot to the primary
version of forms and functions concerning proportional counters in LabData.

Slavica Babinca was the first person that really demonstrated the value of the software since
she was (besides me) first mapping a complete project in LabData and who used most of the
post-processing functionality for her PhD. Especially Lumpy evolved by her definition of
needs.

Robert van Geldern, my first successor in Hannover for the time I spent in Vienna, was the
first “power user” who critically questioned some of the GUI functionality and who found
several intolerable bugs that I had put into a longer queue during my own work with the
system.

My special thanks go to Manfred Gréning, who decided to use LabData at the Isotope
Hydrology Laboratory (IHL) of the International Atomic Energy Agency (IAEA) as the data
management system of the laboratory. He also gave me the opportunity to further develop the
system such that it can be applied in other laboratories around the world. Many fruitful
discussions pushed the system forward and several important features only came into being
discussing his ideas. The form “Set Status” described in the LabData manual is due to
capabilities needed in the IHL to control the TAEA Data Reporting System (DRS).

Tyler Coplen reviewed the system during the 2007 IAEA symposium in his short and concise
manner and suggested to include some capabilities to produce load lists for the machines and
lists of the next SubSamples to be analyzed. This triggered the form “SubSample Status” that
is described in the LabData manual.

Philipp Klaus was responsible for tritium measurement at IAEA-THL, using the parts of
electrolytic enrichment and LSC counting and provided many useful hints on making the
system more user-friendly.

Finally I have to thank my family Beate, Johannes and Christoph for their patience during
uncounted hours that I spent in front of the PC at home, programming...

No good deed goes unpunished, the feedback of the LabData users sometimes keeps me quite
busy... But: may LabData be useful for as many laboratories as possible!
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