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DATABASE FOR MATERIALS PERFORMANCE IN
GEOTHERMAL FLUIDS

P.G.H. and K.A.
DSIR Industrial Development, Wellington, NZ

SUMMARY - Surface corrosion test resultsfor metalsand exposedto geothermalfluidsin NewZealandarebeing
captured in a relational database usinga software development tool, A developandrevise process hasbeen
used to produce a prototype stand alone application (called having user-interfacefacilitieswhich permit use
of the system by The system featuressearch and results display optionswhich include: browsing
through datatables, viewing test results,viewingand printing screenreports,graphicalpresentationof selected
results and data editing

1.

The performance of metals and alloys exposed to
geothermalfluids can not be predicted solelyon the basis
of corrosion theory. However, practical experience and
materials exposure test results when combined with
corrosion theorycanbe used to identify
and materials and environment properties which
must be controlled to guarantee reliability.

Data and advice is being collected in an expert system
for provision of on selection and use of

materials in geothermal energy applications and 
environments (Lichti and Wilson This advice is
based on corrosion results and experience obtained over
several years of corrosion research and testing at the

and Broadlands geothermal fields 
and Lichti Lichti and Wilson (1983)).

users of the expert system can improve the
and quality assurance of the advice provided if

they can review the information on which the advice is
based and reassess the relevance of the historical data for
their particular application(Lichti and Wilson

Provisionof thisbackground for the expert system
be via a databaseprogramme for d a c ecorrosion test

results for and alloys exposed to simulated power
station environments.

The three main objectivesof this work were:
- to develop a prototype database for the geothermal
corrosion test results

to ensure that the results were suitably archived and
readily available to DSIR staff working in the field of
geothermalcorrosion
to gain experiencein capturing alloy performancedata in

a computer database. 

International, USA.

2. SYSTEMS

The development of materials databases has been
extensively reviewed (Rumble and Hempel

and Rumble (1989) and Anderson (1989))
and has been the subject of a recent standard (NACE
Standard Software programmes suitable
for database development are also readily available
(Personal Computing Journal (1988)). These
programmes generally provide a range of facilities to
permit development of without the need
for extensive programming expertise.
and terminology used by software suppliers vary. The
following general discussion is presented with primary
reference to the relational database
programme used for this application. Use of the

package for other types of geothermal
database developments has been previously reported
(Barnett et

2.1 Relational Database Terminology

A spread-sheetcan be as a table for storage
and manipulationof essentiallynumerical information,
whereas a database is used to store, and then extract
from storage, selecteditemsof information,which may
or may not be numeric, and to present the selected
items in a convenient format for the user. A relational
database system can link or in the
database constructedfiomoneor
from each table. is a single entry eg a name;
a group of fields is called a eg a name, address,
and telephone number; or is a collection of
records eg a telephone directory; a is a value

in such a manner so that it
identifiesone record in or table.)

In a relational databaseseveral tables canbe searched
at once. It is for example,to searchone table
for the number of an alloy, a second for its
chemical composition, and a third for the corrosion
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performance in a particular environment. The results
obtained from searchingthrough these differenttables can
then be presentedon a single screen. A less trivial search 
might involve findingthecorrosionperformanceresults for 
all alloys having similar chemical composition.

These searches can be achievedif there existsa field
common to each table to enable the alloy or alloys (in the
preceding examples) to be uniquely linked between the
tables.

In any table of information,whetherproduced manuallyor
by a computer programme, identification fields tend to
occupy the first column or columns of the table. These
fields may be considered as "key Key fields can be
used:

to sort tables accordingto the values in the key fields
to speed searches and other operations.

2.2 PresentationOf

The results of a search or a query of a database may be
presented to the user by several different methods.

Database developersgenerally provide initial results for a 
query in the form of an table on the screen. The
results presented in an answer table may span more than
one screen width, and the number of records presented in
the answer table can fillmore than one screen in a vertical
sense.

If answer tables are large it may be more convenient to
present the results one record at a time, ensuring that all
the informationcontained in each record is availableto the
user on one screen display, and to allow the user to move
through the individual records at will. Formats for these
individual screen displays are called A default
"standard form" is available, or forms can be
"custom"-designedby the user.

A third method of presenting the results is to generate a

printed report,which can be sent either to the screen, or,
more usually, to a printer. Reports also differ from forms 
in that they usually contain information from more than 
one record The information from each individual record 
may alsobe spread over more than one page of the report
if the answer table spans more than one screenwidth.

A fourth method of presenting results isby meansof charts
and graphs. Thesecan be used to give a pictorial view of
some of the informationpresent in the database.
for presentation of these must usually be
for inexperiencedusers.

3. DATABASE

The relational database system, and its
associated programmes, Personal Programme- and

(Programme Application Language), have been
used to create the prototype application GTEST.

was chosen as the databaseprogrammeto
be used for this developmentbecause:

it could be used relatively quicklyby an inexperienced
operator

it was to generate "stand alone" applications 
(via the Personal Programmerm) that could
the need for prospective users to learn how to use the
databasesystem
- reviews of relational database systems in the
computing literature (Personal Computing Journal
(1988)) had rated the programme satisfactorily 
- DSIR staff with previous experience in developing 
applications with this system were available for
consultation.
The developmentwas seen ashaving three phases:
- developing a suitable structurefor the database

making the database easily to DSIR staff
- providing direct access to the data from within the

expert system

3.1 Using Personal and

An experienced user can use the four
methods of presentingselectedinformationdescrii
above when working interactively with the system,
askingquestionsof the tables, and specifyingthemode
of answer presentation. To do this requires a
knowledge of how to ask these questions of

and how to obtain the answers in the
requiredformat.

also has two levels of programming
availableto the user to enablethe most questions
to be encapsulatedin a stand alone which
can then be run by with little knowledge of
the system. These two levels of programming are
Personal Programme-, and the Paradox
Applications Language. A developerwith a knowledge
of the way in which is used interactively
can use Personal to write such a stand
alone application, which can then be improved by
means of if required. is essentiallya
programmer's language, and requires study in its own
right if it is to be used effectively.

4.

has been developed by Personal
towritethemajorityof theprogramme

filesrequired. has then beenused to a limited
extent to make more "user-friendly". 

4.1 Method Of Development

A develop and revise process was used in assembling
the experimental results and designing the database
structure. Thisprocess provided ample opportunityto
progress in understanding operations
while simulating and testing small sections of the
required application.
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The develop and revise process, although a successful

method of developing the application, was not used as a
substitute for planning in the initial stages of the project,
however, specific aims and objectives needed to be kept 

to accommodate changes in data presented for
inclusion in the database, and the inherent in
Personal Programme-. Unfortunately, once the basic
buildingblocks of the application (eg tables etc.) had been
decidedupon, andenteredinto the computer,it wasusually
very time consuming to make what appeared to be very
small changes.

4.2 Using

The availability of Personal meant that
writing the application was a relatively quick process; 

could be "written" in two days using Personal
What was farmore time consumingwas

the planning stage, where decisions had to be made
concerning the designof a application:
what questionswere to be askedand how were they to be

answered
what was the most effectiveway to store the information

in the database
how were these ideas best fitted into a working menu 

structure.

With thesedecisionsmade,preparationof the tableswhich
contained the information, and the design of the various
forms to be used for presentation of the answers was
undertaken. All of these activities required a working
knowledgeof the "system",and anyattemptto
use without thisknowledge would 
not havebeen successful. Our experiencesuggeststhat for
an inexperienced developer a two to three week

time with is required.

4 3 For GTEST

and PersonalProgramme-are both menu
driven programmes. Development of applications using
PersonalProgramme-results in the generationof
or programme statements which execute a series of menu
functions. However not all of the facilities available in 

can be implemented in Personal

One shortcoming of Personal Programmerm is that it is
unable to write sections of applicationsthat requiregraphs
or chartsto present the results. Therequirementto do this
was thought to be an essential part of GTEST, and this 
meant writing the scripts necessary for this part of the
application separately, using the scriptwriting
facility, and then combiningthe scripts into the application
using Personal Programme-. was also used for
improving the user-interface, results presentation screens
and editing facilities.

4.4 The Benefit Of Expanded Memory

The initial version of was found to require

approximately three and a half minutes to process a
search. This timewas reduced to approximatelythirty
seconds by the addition of a one megabyte memory
expansion board, which reduced considerably the
amount of activity that was to be
taking place during each search. A similar of
time would be extended

5. GTESTPROTOTYPE

Initial development of the prototype
application involved results only three materials,
exposed as corrosion test coupons in seven different
geothermal test environments at
Broadlands (Braithwaite and Lichti (1980)).
It was thought that this approach would enable the
applicationto be developedwithoutthe needtomodify
repeatedly large numbersof data tables, and that after
the applicationhad been tested with these few results,
itwould then be a taskto add themain
body of results at a later date.

The comprehensive recommendationsgiven in NACE
Standard were used as guidelines for this
application.

5.1

Theprinciple key field used in is A# or "alloy

number". Each alloy considered is listed in a table
called ALLOYS, and consecutivenumbers are

consignedto each alloy in Someof the otherkey
fields in are also given titles. Examples
are or "test vessel number",and E# or "exposure

periodnumber".A tablecalledRESULTSuses a multi-
field key consisting of three key fields, A#, V#, and
E#, to identifyuniquely an individualcorrosion result.
Each result is then a record of what happenedwhen a

particular alloy (A#) was exposed in a particular
environment for a particular time

5.2 Tables

A listingof the nine tables used in ispresented
below, with brief comments on each of the tables.

NAME DESCRIPTION

compositions
Alloy identificationcodes
Codes and abbreviations
Corrosion form and product codes
Compositionby elements
References
Corrosion test results
Geothermal test environments
Exposure dates and times

and both containchemical composition 

information for standard and tested alloys.
provides a listing for each alloy of all the elements
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considered in and their concentrations for that
particular alloy, whereas simply lists the elements
present for each alloy and their concentrations. is
used in the screenpresentations.

is a listing of all the standard and tested 
included in GTEST, along with the various identification 
numbers and codes for each alloy. Also included is the
name of the test exposure series during which each alloy
was tested, and the type of monitor used.

and contain the codes used in
is a complete listing of all the codes used and a

description of their meaning, whereas contains
only copies of the codes for the form of corrosion and
corrosionproduct, and is essentiallya display

is a listing of the referencesused in the development
of References to both internal DSIR files and
published reports are given to assist in the location of
individual experimental results, and conclusions that have
been drawn from these results 

is the table containingthe experimentalresults for 
all the alloys tested in the geothermal test programme.

provides a summary of known chemical and
physical conditions for the test environmentsused.

provides information on when the tests were run,
for eachexposure,the values

assigned to these periods, and the types of monitors used
in each case.

user. Changes can be made to these
scripts using however of Personal
Programme-willautomaticallyrecreatea scriptand
delete any changes made using The desired
changes must be saved separately and re-entered into 
the new script.

5.7 Running GTEST

Loading time for GTEST and is
approximatelyone minuteon an 8 AT equivalent
personal computer.When the programmehas finished
loading, the screen clears and the main menu options
are on the top line of the screen, with a
descriptiveline,which relatesto the highlightedchoice,
on the second line. The highlighted choice can be
alteredby means of the control arrows, or by a
standard letter selection The system
appearanceand operationissimilarto that of common
spreadsheetprogrammes.

The main menu choices and their descriptivelines are
listed and discussedbelow:

MENU CHOICES ASSOCIATED DESCRIPTIVE
LINE

CORROSION Examine corrosion results for
selected

COMPOSITION View compositionof selectedalloy
or environment

GRAPH Plot results for selected alloy as a
chart
Inspect individual results or
complete tables
Edit databasevalues
Leave the application

BROWSE
Forms

There are sixty-six query pathway ends in which
require the answer to the query to be displayed on the
screen via a form, and a significantportion of the time
taken for the developmentof taken up in the
design of these forms. InGTESTforms are used not
to display the to queries, but are also used to edit
informationin the databaseif required. Figure1illustrates
a form for viewing data in the master Results table.

5.4 Menu and Structure

A portion of the system menu tree is presented in Figure
2. tree structure is generated using the "Summary"
function availablein Personal Programme-. A tabulated
menu structure and a tabulation of programmeactionscan
also be obtained. These are especially useful if individual
scripts are to be edited

EDIT

CORROSION is designed to the most common
choice for most users of the application, and its
selection leads to the displayon the screenof a set of
results for a selected combination of alloy,
environment, and exposuretime. Sub-menus allowthe
selection of alloys environments to be made.
The user can scroll through the results of these
selections using the control pad. are
presented under the General
and and Pitting Corrosion on the Face and
under a Crevice,and descriptivecodesandexplanations
are presented the Form of Corrosion and
the physical nature of the CorrosionProducts. Figure 
1 a screen view of to a typical CORROSION

5.5 Scripts and COMPOSITION enables the user to view chemical
composition results for the alloys tested, the chemical

The programmes which uses are called requirements of standard alloys matching those alloys
"scripts". Scriptswere Personal tested, and also the composition of the test
Programme-for These are in the form of environments utilised. Sub-menus allow the selection
programme lines or instructions which execute desired of alloys or environments.
actions as they would be carried out by an experienced
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Press when finished viewing the information
Total records: 21 Use to move to other records

~-

CORROSION RESULTS SELECTED RECORD NUMBER 15

Austenitic
39 MAT-ID:

General Corrosion and Scaling

Material 1 8 . 5

Corrosion 18 .5

Note:

Material
Scaling
Scale
Note:

Alloy Number 4
Vessel Number 5 52 weeks

Pit Density (ASTM

Maximum Pit
Mean of X (5)
Note:

AS
850

670

AS

625

Form of Corrosion: (Ox Oxygen ingress during test ) E-S:
Corrosion Products: (N Non-adherent, easily removed ) 7

References: 3.0 55 .0 55.1 Cnt: 1 /3
Mon: C

Figure Form For Entered CorrosionResults For One Record. A Similar Screen Is Used For
Editing Single Records.

Main
CORROSION

[ View]
[

View]

[ View
I

CANCEL [ View

View]
[

ALL [ View ]

DESCRIPTION [ View
[ View

BOTH

I t -

CANCEL View
COMPOSITION

I

I t -

I
I t -

I--#[View]

BROWSE

Figure of Format For Application Menu
Tree Structure.

GRAPH enables the user to draw bar charts giving a

pictorial display of results obtained in of the 7 test
environments. Five graph choices are offered via a

charts to be drawn representing
general corrosion,scaling,maximumpit depths, mean
pit depths, or a combination of these four quantities.
Figure 3 illustrates a typical of pitting results.

BROWSEenablesthe user to inspect the results and
other informationstored in the database,eitherviathe
information presentation screens designed for the
programme, or by direct inspection of the tables
themselves. between these two views is
achieved by a function key. The various tables are
made available via the submenus.

For users unfamiliar with either this database or the
geothermaltest programme, the BROWSE selectionis
a good way to become with the codes used in
the database,and the of the test programme.

enablesdata to be edited, deleted, or added. In
the final version containing all records this choice is

to be password protected to prevent accidental
corruption of the data. As in the BROWSE selection,
the various tables are made availablevia submenus.

LEAVE causes the programme to exit from the main
menu of GTESTto the root directory.

Wherever instructions are provided on the
screens being viewed. The exception to this
whichcanusuallybe used to "back track"through menu
choices or prompts, although this possibility is not
displayed as a screen instruction.

Printed copies of any screen being displayed can
made using the computer print screen facilities. 
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a

8

a

Q

8

Press any key to continue ...

600 I

4 52 4 52 52 4 52 4 52
13 13 13 13 13

Exposure in vessels to

Figure 3: TypicalScreenPresentation of Graphic Pitting Results

Most screen displays theoriginalwork
fiom which the datahasbeen extracted Reference
are also availablefor viewing in

7. CONCLUSION

The developed GTEST application provides facilities for 
capturingand giving long term access to surface corrosion
test results for materials exposed to geothermal fluids in
New Zealand.

8.

Future work will include:
addition of results for other alloys to the database
addition of pass-word protection
creationof validity checks
addition of a help screen 
addition of an opening introduction screen 
corrosion expert testing and revision
using to improve graphics presentations
expanding the database to include metallurgical test

results for stress corrosion cracking and corrosion fatigue. 
- linking GTEST into the expert system
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