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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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| In'the'fieldlofﬁgeothermal:chemistryithere isqa distinction between
"pure" and "applied" research which frequently hinders progress in these
) _two aspects of the field " We speak of pure research as that mainly in

"dacademic or government institutions, whereas applied research is an
t’industrial function | o . R

‘ ‘In order that each group may function effectively to contribute its
' pshare to’ the health and’ welfare of the United States. there must be a
coordination of their actiVities Frequent and fruitful contacts Wlth
' new developments will forestall slippage by industry into expenSive and

time wasting empiriCism On the other hand the results of pure research

"“are of academic interest only, until applied to areas which affect our

:lifestyle in an important manner, for example, the development of new |
wdomestic energy resources. Only an effective and fruitful two—way flow

" of information between chemists engaged in pure and applied research will
‘ prevent our slide into an industrial dark age | o |
B Despite the close and cordial relations that frequently exist among
“ workers in these two fields, there is still a- large gap between their
ﬁ'actiVities This gap is especially noticeable in long established indus-

'ivtries, which have grown up entirely on an empirical baSlS, and in which

C the possibilities for the application of basic science are Just beginning

“to be realized But even in those industries which employ many persons
of scientific training for the development and control of their processes,
'there is still much conservatism and a tendency to crystallize too soon
“and too firmly their methods of operation The need to close this infor-

mation gap is obvious.




The National Geothermal Information Resource (GRID) -and the geo-
: therma] resource f11e (GEOTHERM) are sponsored by the U.S. Energy and
hDeve]opment Administration and U.S. Geological Survey with the obJect1ve e
to co]]ect, organlze, and disseminate data on the maJor areas of geotherma1
explorat1on and assessment. The aim of GRID and GEOTHERM 1n this Jo1nt
7effort is mainly to collect and_dtssem1nate on a cont1nu1ng basis site-
dependent numericai data on oeotherma] fields brines and surface waters
for e]ectr1ca1 and non-electr1ca1 resource assessment

GRID searches the world 11terature on a continuing bas1s retrieves
and 1ndexes_publ1cat1ons re]evant to geothermal science, extracts the
numerical data or information, and critically evaluates the information and
data. Primary emphasis is placed on coverage of the numerica1 data needed
to understand geothermal energy'and to utilize %ts resources. See Figure 1.
GEOTHERM-is a site-dependent file of worldwide information needed to evaluate
areas for their geothermal resource potential. It incIudes information on
fields and wells, for example geology, well temperature, and chemical analyses.
See Figure 1. While the larger work of the two data bases covers the field
of geothermal energy, this paper is limited to data used to develop the
chemical geothermometers which are used to infer the temperature of a sub-
surface geothermal hot water resource by chem1ca1 ana]ys1s of surface waters.
Table 1 111ustrates two 1mportant uses for subsurface temperature data

Inferred Reservoir Temperature Needed To:

(1) Calcu]ate Reservoir Heat Content, Q: |

(Reservo1r Volume) X (Spec1f1c Heat) x (Temperature)
(2) Assess for Use

Electrical (T > 180°C)

Other (e.g., District Heating, Process Heat)



Figure 1

National Geotherma] Informat1on Resource (GRID)
)' ~-ERDA Information Ana]ys1s Center o
e '-Computer1zed Data Storage/Retr1eval (BDMS)
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e Bas1s (Traﬁsferabie)'ﬁumerical Data
| o S1te—Dependent Numer1ca1 Data

o Se]ected B1b11ography

0ff1ce of Resource Assessment (GEOTHERM)

-USGS S1te-Dependent Resource Informat1on
-Computer1zed Data Storage/Retr1eva1 (GIPSY)
_Files contain ‘ ‘
o Geotherma1 Fields
o Geothermal Wells

"“ o Chemical Analyses




As shown in Table 1, typical uses of the inferred hot water reservoir

temperature at depth,which is calculated from chemical analyses of the

surface thermal springs, include computation of the reservoir heat content

from the product of the réseryoir volume, specific heat, and the inferred

temperature at depth. Another example of the use of»the/temperature is in

assessing the hot brine reservoir for use either in electrical power produc-

tion where the preferred temperature should exceed about 180°C and for

non-electrical uses, for example in district heating or in processing heat.

The basis for chemical geothermometers used to infer subsurface temperatures

includes the fo]Towing five assumptions:

Basis for Chemical Geothermometers

1.

Temperature—dependent chemical reaction within the hot
water reservoir. |

Equilibrium for the chemical reaction is attained in the
reservoir.

The concentration of measured constituents does not change,
as water flows from the reservoir to fhe surface where it

is sampled and analyzed.

.. The chemical reaction is not concentration limited in the

measured constituent.
The reservoir hot water is adequately mixed, so thére are

no concentration gradients within the reservoir.

There are a number of chemical geothermometers. Typical geothermo-

meters include the following:



'hllTypical Geothermometers;:p

N Silica-based on quartz sdlubility

2.'1Na/K:ratio K + Na - feldspar Na + K- feldspar o

- Na K - feldspar -
~Keq = ( ) ( Na - feldspar ) K(T)

. 3, Other’(e.g;,;Mg,.c1/(HC03 +“c03),.c1/r);“'*

As-an example, the silica solubility in water over the range of temperatures }

25 to 300°C follows mainly a logr1thm1c expression The silica concentration
:;1n geothermal waters is estimated by analyz1ng the surface thermal water for
-silica content, and- then relat1ng the- silica content to the temperature at
”ldepth, assum1ng that s1l1ca has not prec1p1tated and that the hot water has

' not been d1luted or the concentrat1on otherw1se _changed in s1lica from the

t1me.flu1d flows from the brine reservoir to sampl1ng at the surface.'
"‘In'summary;'chemical geothermometerS"such as the silica'geothermometer

have been found useful 1n 1nferr1ng the temperature of a hot water geothermal _

, resource'at depth by chemlcal analys1s of the silica content in surface
tthermal‘springs The following section descrlbes appl1cation of a computer
- f1le system to the collect1on, extract1on, and ut1lization of chem1cal analysis

i data for chemlcal geothenmometers..,ﬂ“_,.‘;_ fq_;w;tWM; -

) Computer Flle System

The GRID documentation file, GEODOC, is a computer-based f1le wh1ch

'conta1ns descr1pt1ve catalog1ng and index1ng rules for all GRID documents
11ThlS file. (along with other GRID f1les) is managed by the Berkeley Data Base
-'~};Management System}(BDMS). Each record in the GEODOC file contains descr1ptive

’ 'cataloginé; ahstractfng; and 1ndex1ng 1nformat1on corresponding to a single
-.document The information within a. g1ven record is subd1v1ded into computer ,

'retrievable "data elements", for example, see F1gure 2.
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The GRID descrjptive.cataloging,ruIes_are,standardized,and modeled
after;those,of the International Nuclear Information System (INIS) of the

International Atomic Enérgy,Agency. The .data elements have been chosen

~ to correspond as.closely as possible to those used by INIS to facilitate
" both U.S. and worldwide information exchange with other data bases using

_INIS ru1es.

The GRID records are. permanent]y stored on. magnet1c tape; temporary

',storageron;d1sc,f11es is also utilized when faster access than provided by

- tape. is desired. Multiple copies of the,data;are‘stored on back-up tapes

to .provide forfpossible_computer,system1craShes_or failure of the storage

}medium, e.g.; breakage of the magnetic tape. .

'"We'have found that a computerized data .base has numerous advantages

,1n the man1pu1at1on of large amounts of data. . For example, selective

retr1eva1 and ed1t1ng of b1bliograph1c c1tat1ons ls made tr1v1a1 through

- the use of - BDMS, and severa] of the data element keys (indexes) can be

-,searched for a,spec}fjc‘top1c,_e.g. Author, thus fac111tating the genera-

tion of . rarious quick indexes to. the stored records

Essent1a11y all the records have a category ca]led "Descr1ptors" which

»jconta1n key words to descr1be the data content - This enab]es one to retr1eve

all the records that deal w1th a part1cu1ar property, for example, one may

t,_retrieye:a115thefrecordsrthatﬁdeal,w1th chemica]?geothermometers.H_At,the '

:_‘present time,-searches are’a11oned on only'one descriptor at‘aitime;,]ater'
» we expect to have the capabi]1ty of perform1ng a Boolean search This wil]l
fperm1t a file search with @ string of operations, e.g. 0 to find all the

- stored citations that deal with geothermometers and s111ca so1ut1ons All

- "Descriptors" used are taken_from a thesaurus of controlled items.




Figure 3 is an example of application of the computer file system to
chemical geOthérmometers. It shows.a typical printout in a userstype
fdrmat which contains three records dealing Wi%h chemical geothermometers.
This‘fdrﬁ of thé GRID bibliographic compilation inc]udés the data elements,
iitlé, author, reference to the Iiterature, and is annotated by addition of
" descriptors from a control thesaurus of geothermal terms. A11'of the data

‘elements, including the descriptors, are machine searchable and can be used
'. for generating indexes to provide quick access to desired information.

’Figuré 4 shows a printout of a machine-generated index covering sub-
jects‘such as geopressured systems and geothermal activity. EaCh record
contains the author short code and the record number. The author short
code contains the last name of the first named author of the article; the
two digits are the last two digits of the year in which the paper was pub-
liéﬁed. The record number refers to the information shown in Figure 3.
Figuré 5 i11dstrates an index based on descriptors, for example temperature
measurement, témperature surveys, and Texas. Besides thé descriptor, which
is an annotation covering the information content of the record, is given
the journal title (e.g., Journal of Geophysical Research) and the record
number which refers to the paper. Figure 6 fs an index dealing with geo?
thermometry; if one is interested in all the stored literature dealing with
chemiéa1 geothermometers, one can obtain a printout by keying the appropriate '
computer commands. In this printout you have thé title of the paper andAihe
retord‘number for quick referral. |

'Figure 7 is an alphabetical index based on all the authors of the
papers which are listed in our geothermometer computer file; it includes

not only the author but the title of the paper and the record number. In
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the'case'shown4here, for example, under Fournier, R.0., one sees that

~there are four publications within the time span covered by the computer

file.

Figure-&,is agcomputer-generated index based on the author's affili-

‘ation; it includes the’author's?affiliation, for example, California

University, Berkeley, Lawrence Berkeley Laboratory; the author's name, and
a reterence to the yarious record numbers under the author's name. In.
Figure 9, there is. illustrated an 1ndex based on the Journal title, for

example, Journal of Physical Research, and again the var1ous ‘authors; in

| thlS particular case, all the authors in an article, for example, Lachenbach

‘ and Sass as the co- authors of a paper w1th Sorey and Lewis, and the record

number of the citation.
Figure 10 is a printout of data from the GEOTHERM file. In this

example, chemical analysis records were selected formatted and the data

’used as input to an accessory program which .uses the common chemical geo-

'thermometer to calculate the inferred reserv01r temperatures

- "SUMMARY AND coucwsmns TR

A computer-based information system has been established with the

'7obJect1ve to collect and disseminate worldW1de geothermal data., The Targer

system based on the GRID and GEOTHERM files contains data needed to evaluate

important aspects of geothermal ut1lization, for example, ‘electric power -

potential SColing and corr051on effects, and modelinq. In this paper,_as

an example, data 1n the files was applied to chemical geothermometers The

'1nformation system has . the capability to retrieve data quickly and will be

i useful to geothermal specialists, for example.in evaluat1ng proposals and

asses51ngrreports,j~ .
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