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The National Geothermal Information ,Resource (GRID) and the geo- 

thermal resource f i l e  (GEOTHERM) are sponsored by the U.S. Energy and 

Development Administration and U.S. Geological Survey w i t h  the object ive *; 

c 
t o  co l lec t ,  organize, and disseminate data on the major areas o f  geothermal 

explorat ion and assessment. The aim o f  GRID and GEOTHERM i n  t h i s  j o i n t  

t i s  mainly t o  c o l l e c t  and disseminate on a continuing basis s i t e -  

dependent numerical data on geothermal f i e lds ,  brines, and surface waters 

f o r  e l e c t r i c a l  and non-electr ical  resource assessment. 

GRID searches the world l i t e r a t u r e  on a continuing basis, re t r ieves  

and indexes publ icat ions relevant t o  geothermal science, extracts the 

numerical data o r  information, and c r i t i c a l l y  evaluates the informat ion and 

data. 

t o  understand geothermal energy and t o  u t i l i z e  i t s  resources. 

GEOTHERM i s  a site-dependent f i l e  o f  worldwide informat ion needed t o  evaluate 

areas f o r  t h e i r  geothermal resource potent ia l .  It includes information on 

f ie lds  and wells, for  example geology, wel l  temperature, and chemical analyses. 

Primary emphasis i s  placed on coverage o f  the numerical data needed 

See Figure 1. 

See Figure 1. While the la rger  work o f  the two data bases covers the f i e l d  

o f  geothermal energy, t h i s  paper i s  l i m i t e d  t o  data used t o  develop the 

chemical geothermometers which are used t o  i n f e r  the temperature o f  a sub- 

surface geothermal hot  water resource by chemical analysis o f  surface waters. 

Table 1 i l l u s t r a t e s  two important uses f o r  subsurface temperature data: 
, 

I n fe r red  Reservoir Temperature Needed To: 

(1) Calculate Reservoir Heat Content, Q: 

Q = (Reservoir Volume) x (S 

I 

i f i c  Heat) x (Temperature) 

(2) Assess fo r  Use 

E lec t r i ca l  (T > 18OoC) 

Other (e.g., D i s t r i c t  Heating, Process Heat) 
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As shown i n  Table 1, typical uses of the inferred hot  water reservoir 

temperature a t  depth,which is calculated from chemical analyses of the 

surface thermal springs, include computation of the reservoir heat content e: 

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

temperature a t  depth. Another example of the use of the temperature is i n  

assessing ' the hot brine reservoir for use either i n  electrical power produc- 

tion where the preferred temperature should exceed about 18OoC and for 

non-electrical uses, for example i n  d i s t r i c t  heating or i n  processing heat. 

The basis for chemical geothermometers used t o  infer subsurface temperatures 

includes the following five assumptions: 

Basis for Chemical Geothermometers 

1. Temperature-dependent chemical reaction w i t h i n  the hot  

c 

water reservoir. 

2. Equi l ibr ium for the chemical reaction i s  attained i n  the 

reservoi r. 

The concentration of measured constituents does not change, 

as water flows from the reservoir t o  the surface where i t  

is sampled and analyzed. 

3. 

4. The chemical reaction is not concentration limited i n  the 

measured constituent. 

The reservoir hot water is 

no concentration gradients 

There are a number of chemical 

5. 

meters include the following: 

*.  adequately mixed, so there are 

w i t h i n  the reservoir. 

geothermometers. Typical geothermo- 
b 



1. Sil ica-based on quartz s o l u b i l i t y  

2. Na/K r a t i o :  K' + Na - feldspar = Na' + K - feldspar -- 
I = K(T) 

Na' K - feldspar 
t Keq = ( ( Na - feldspar 

3. Other (e.g.', Mg, C1/(HC03 + C03), Cl/F). 
._  

As an example, the s i l i c a  s o l u b i l i t y  i n  water over the range o f  temperatures 

25 t o  3OO0C fol lows mainly a logr i thmic expression. The s i l i c a  concentration 

, i n  geothermal waters i s  estimated by analyzing the surface thermal water f o r  
. "  

s i l i c a  contentr and then r e l a t i n g  t h e . s i l i c a  content t o  the temperature a t  

depth, assuming %hat s i l i c a  has not prec ip i ta ted and t h a t  the hot  water has 

not been d i l u ted  o r  the concentration otherwise changed i n  s i l i c a  from the 

t i m e  f l u i d  flows from the br ine reservo i r  t o  sampling a t  t 

In summary, chemtcal geother 

have been found useful i n  i n f e r r i  

resource a t  depth by chemical ana 

s such as-- the s i  1 i ca  geothemometer 

temperature o f  a hot w a t e r  geothermal 

f the s i l i c a  content i n  surface 

o f  a computer 

a 
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e Berkeley Data Base 

e contains descr ip t ive 
_ .  
cataloging, abstracting, and indexing information corresponding t o  a s ing le 

ument. The information w i t h i n  a given record i s  subdivided i n t o  co 

re t r ievab le  "data elements"; f o r  example, see Figure 2. 



Figure2 6 

G E N E R A L  F O R M  

Type of Record Bihlio. Literary liidicator 
Level 

1 SHORT CODE (SC) I I 
I 

DES. CAT. SOURCE (DCSO) 

DOCUMENT TYPE (TY) 
* 

PERMITTED BIBLIOGRAPHIC LEVEL: A or M 

BIBLIOGRAPHIC LEVEL (BL) 

PRIMARY TITLE (PT 

PRIMARY SUBTITLE (PSI 

I 
~~ 

TITLE AUGMENTATION (TA) 

LANGUAGE (L) 

ORIGINAL TITLE (01) 

ORIGINAL SUBTITLE (OS) 

AUTHOR NOTE (AN) 

AUTHOR AFFILIATION (AA) 

AFFILIATION CODE (AC) 

CORPORATE ENTRY (CE) 

CORPORATE CODE (CCJ 

ACADEMIC DEGREE (DGJ __ 



i 

7 

The GRID descriptive catal ogi ng rul es are standardized and model ed 

after,those of the International Nuclear Information System (INIS) of the 

International Atomic Energy Agency. The data elements have been chosen 

t o  correspond as  closely as possible t o  those used by INIS t o  faci litate 

both U.S. and worldwide information exchange w i t h  other da ta  bases using 

INIS rules. 

The GRID records are permanently stored on magnetic tape; temporary 

storage on disc fi les i s  also utilized when faster access t h a n  provided by 

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

t o  provide for possi bl  computer system shes or failure of the storage 

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

We have foun ha t  a computerized data base has numerous advantages 

i n  the manipulation of large 

retrieval and editing o f  bibliographic citations i s  made trivial through 

the use of BDMS, and several of the data element keys (indexes) can be 

searched for a specific topic, e.$, Author,  thus facil'itating the genera- 

t ion'  of various quick indexes t o  the stored records. 

Essentially a l l  the records have a catego 

s t o  describe the data 

tha t  deal w i t h  a partic 

ermometers. A t  the 
* 

present time, searches ar 

we expect t o  ha a 

stored citations t h a t  deal w i t h  geothermometers and silica solutions. A l l  

"Descriptors" used are taken from a thesaurus o f  controlled i terns. 
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Figure 3 is an example of application of the computer f i l e  system to 

chemical geothermometers. 

format which contains three records dea l ing  w i t h  chemical geothermometers. 

T h i s  form of the GRID bibliographic compilation includes the data elements, 

t i t l e ,  author, reference t o  the l i terature,  and is  annotated by addition of 

descriptors from a control thesaurus of geothermal terms. All of the data 

I t  shows a typical p r in tou t  i n  a useritype 

elements, including the descriptors, are machine searchable and can be used 

for generating indexes t o  provide quick access to  desired information. 

Figure 4 shows a p r i n t o u t  of a machine-generated index covering sub- 

jects such as geopressured systems and geothermal activity. 

contains the author short code and the record number. The author short 

code contains the l a s t  name of the first named author of the ar t ic le ;  the 

two d i g i t s  are the l a s t  two d i g i t s  of the year i n  which the paper was pub- 

lished. 

Figure 5 i l lust rates  an index based on descriptors, for  example temperature 

Each record 

The record number refers t o  the information shown i n  Figure 3. 

measurement, temperature surveys, and Texas. 

is an annotation covering the information content of the record, i s  given 

the journal t i t l e  (e.g., Journal of Geophysical Research) and the record 

number which refers t o  the paper. 

thermometry; i f  one is interested i n  a l l  the stored l i terature dealing w i t h  

chemical geothermometers, one can obtain a printout by keying the appropriate 

computer comnands. 

record number for quick referral. 

Besides the descriptor, which 

Figure 6 is an index dealing w i t h  geo- 

c 

In this p r i n t o u t  you have the t i t l e  of the paper and the 

Figure 7 i s  an alphabetical index based on a l l  the authors of the 

papers which are l isted i n  our geothermometer computer f i l e ;  i t  includes 

not only the author b u t  the t i t l e  of the paper ahd the record number. In 
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RECORD NUMBER 3 1 8  

- .- 
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7E'CUTU N U H B E R  -17t.- - 

~ o ~ ~ ~ ~ o ~ ~ o ~ ~ ~ ~ c ~ ~ . ~ ~ . ~ ~ c - ~ - - - - . - - - - ~ - . ~ ~ - o ~ * - ~ ~ o - ~ ~ ~ ~ o . ~ ~ o . o ~ o ~ o  

GkOTHERMOMETER 
APPLICATION OF THt SILICA GEOThERflOPETER I N  LOW TE 
MPERATURE HYDROTHERMAL AREAS I N  ICELAND ; 

GECORO NUMBER 119 * .  

. ~ ~ ~ ~ ~ ~ ~ o . ~ ~ o ~ o ~ . ~ ~ ~ ~ ~ ~ ~ o ~ ~ - - ~ ~ ~ . ~ o o ~ ~ ~ ~ ~ . o ~ ~ ~ o o ~ ~ ~ o ~ ~ o ~ ~ ~ ~ o ~ o ~ ~  

GtOTHERflOMETR Y 
GEOCHEMISTR) A P P L E  0 T O  EXPLORATION FOR GEOTHERflAL 

ENERGY ; 

RECOGO NUflBER 60 
r i E S E H V O I R  TEMPECATURES OF YELLCkSTGKE THEREIAL SYST 
EMS 

D I V L k S L  O R I b I N S  OF HYDRGTHERMAL ORE FLUIDS 
; 

SULPHUG ISOTOPIC VARIATIONS I N  hATUFEm 11, SULPHUR 

0 

RECORO NUH8ER 95 

SECORD NUMBER 1 0 1  

ISOTCPE R A T I O S  OF SULPHIDES F R C M  ThE BROADLANDS G 
EOTHERMAL F I E L O  s 9 

GECTHEKflAL STUOILS I N  REGICN OF ISOLATED HOT SPRIN 
EECOED NUMBER 130 \ 

GS, WESTERN MONTkkA : 
R E C O G D  NUMBER 133 

I S G T O F I C  FRASTXONkTIl i lJ I N  SCLIDS . 9 

RECORD NUflf3ER 147 
L t  ACH h G T  SPRINGS GEOTHERPPL AREA, hEVAOA 
; 

A SYSTtMATIC 0EVIC.T ION FRCM NA-K-CA GEOTHERNONET'ER 
RECORO NUMBER 1 5 5  

EELGk 7 5  U k G f i E E S  C AaD A a C I l t  10-4 A T M  PCOZ . 
v 

6EC012D NUHBER 1 5 6 .  
G E O C H E M I C A L  I N D  ICbTCkS GF SUBSURFACE TEHPERATURE-P 
AFT I r  B A S I C  ASSUKPTI3NS 0 

GECOFO NUMBER 58 
kAUIULCGICAC C O h S i L I t k l \  T I O h S  I N  OLVELOPMENT Of GEOT 
HERMAL CESOURCES I N  'rlsSTEEN U N I T E 0  STATES . * 

RECORD NUMBER 69 
THE A F F L I C A T I O N  OF THE NA-K-CA GEOTI-ERHOMETER T O  1 
HERMAL AREA$ OF UTAH AND THE I R P E R I A L  VALLEYS C A L I  
F C R K I A  9 

RECORD NUMBER 90  
I M P € P I A L  JACLEY - 1 N V E S T I G A T I C N S - U T I L I Z A T I O N  OF THE 
SCDIUM-POTAiS IUY-CALC IUM GECTHEHMAL EXPLORATIOff TE 
CHNIQUE I N  THE I M P E k I A L  VALLEY AREA, CAL IFOKNIA  
; 

THE CHEMICAL COMPOSITION ANC E S T I H E T E O  MINXHUH THE 
RPAL E E S E 2 V O I R  TEMPERATURES OF T H t  F R I N C I P A L  HOT S 

0 

GECORD NUHBER 137 

F k I h G S  O F  NCkTHERN AND CEhTf iAL NEVACA ; 
RECORD NUHBER 141 

EECORD NUHBER 66  
G E O T h C F . M I L  SYSTEMS GF NORTHERN NEVACA 4 

G t O C H E H I C A L  INDICATOR; OF SUBSURFACE TEMPERATURE-P 
A R T  2 ,  rST1MATi.CN 3 F  TEMPE6ATURE AN'C FRACTICN OF H 
UT hATLh M I X E C  k 2 T H  C O L D  WAIER: 

PFELIMINARY STUCIES OF SCHE GECTHERPAL AREAS I N  I N  
O I A  

RfiCORD NUflBER 59  

. * 
RLCOFD NUH6ER 6 3  

http://GEOThCF.MIL
http://rST1MATi.CN


the case shown here, fo r  example, under Fournier, R.'O., one sees t h a t  

there are four publications w i t h i n  the time span covered by the computer 

fi le.  

computer-generated index based on the author's a f f i l i -  

ation; i t  includes the author's a f f i l i a t i on ,  for  example, California 

Unf versi ty,  Berkeley, Lawrence Berkeley Laboratory; the author's name, and 
, .  

ference to  the various record, numbers under the author's name. In 

Figure 9, there i s  

exampl 

this particul 

and Sass as t 

number of the citation. 

lustrated an index based on the journal t i t le ,  for 

urnal' of Physical Research, and again the various authors; i n  

case, a l l  the a u t  rs i n  an article, for example, Lachenbach 

co-authors of a p er w i t h  Sorey and Lewis, and the record 

Figure 10 is  a printout of data from the GEOTHERM fi le.  In this 

example, Chemical analysis records were selected, formatted, and the da ta  

program which uses the common chemical geo- 

nferred reservoir temperatures. 

-. i 
r-based informtion Cy3tem - has been established w i t h  the I 

l 
I 

I and dissemin rlawide geothermal 

GRID and GEOT eded to evaluate 

geothermal u t i l i za t ion ,  for example, electric power 

odeling. In this paper, .as 

rieve data quickly and will be 

useful t o  geothermal specialists, for example i n  evaluating proposals and 

assessing -reports. 
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I T l lHFAtF  

I S J ~ F A C F  
I silHFnCF 

I SlJHFhCF 
I SIWFACF 
I SlJrlFbCF 
I SiJWFhCF 
I StlHFACF 
I CIJRFACF 
I SUhFACF 
I SUNFACF 
I FIJlJFdCF 
I SIJWF4CF 
I SIJWFACF 
I SIJWFACF 
I VJHF4CF 
I 'jUWF4CF 
I SUtiFnCF 
I SlJHFArF 
I 5OHF4CF 
I SIJWFqCF 
I SOHFACE 
I SLIUFACF 
I C;Ui)FPCF 
I SUHFACF 
I SIJWFACF 
I FURFPCF 
I 5URFACF 
I CItIRF4CF 
I 
I 
I 
I SIJRFACF 
I SIJRFACE 
I SUQFdCF 
I SUWFACF 
I SIJWFACF 
I SiJHFbCF 
I SUQFQCF 
I SUWFACF 
I u F L L  
I SIJRFACF 
I SIIHFACF 
I SIIC(F&CE 
I SUWCACE 
I SIJHF4CF 

I 
1 1 
I I 
I NA I 
I I 
I I 
I I 
I 300.0 I 
I 231.0 I 
I 390.3 I 
I 104 .0  I 
I 23.0 I 
I A3O.U I 
I 1399.0 1 
I 136.0 I 
I 49.0 I 
I b04.0 I 
I 1s.0 I 
I 140.u I 
1 Rf39.0 I 
1 105.0 I 
I 9 4 0 0 . 0  I 
I 3030.0 I 
I 274.0 I 
I 162.U I 
I 320 .0  I 
I 945.0 I 
I 1310.0 I 
I i34n.u I 
I 3430'0 I 
I 1109.U I 
I Y O O 0 . U  I 
I 924.0 I 
I 232.0 I 
I 9 t . 0  I 
I 227.u I 
I 45011.0 I 
I I 
I I 
I 1 
I 337.0 I 
I 267.2 I 
I 10M.U I 
I 75Hb.5 I 
I 500.9 I 
I 140.b I 
I 57.0 I 
I 3I4.0 I 
I b 0 7 . 0  I 
I t o n . 0  1 
I 162.2 I 
I ?047.r) I 
I 662 .0  1 
I 1S4.6 I 

I 
I I I GEOCHEMICAL I MEA- 
I 

K I 
I 
I 
I 

6.5  1 
6.6 I 

45.0 I 
13.0 I 

3.9 I 
7.1 I 

196.0 I 
%.b I 
9.6 I 

34.0 I 
1.3 I 
1.3 I 

33.0 I 
04 I 

90.0 I 
12.0 I 

1.9 I 
? O . O  I 
16.U I 
?YOU 1 
60.3 I 
44.3 I 
lb-3 I 
35.0 I 
51.0 I 
30.0 I 
5.6 I 
1.0 I 
6.U I 

440.0 I 
I 
I 
I 

90.0 I 
74.1 I 
2.6 I 

477.5 I 
77.0 I 
14.0 I 

102.0 I 
260.0 I 
8.6 I 

11.1 I 
155.3 I 
46.0 1 
2.5 I 

1.r I 

I 
CA I 

I 
I 
1 

53.0 I 
29.0 I 

09 I 
19.0 I 
31.0 1 
43.0 I 
79.0 I 
22 .0  I 
82.0 I 
216.0 I 
117.0 I 
4.8 I 

107.0 I 
09 I 

115.0 I 
1lHO.O I 
ZH0.O I 

23.11 I 
30.0 I 

14.0 I 
i5:j.n I 
26.0 I 
11.0 I 
60.0 I 
22.0 I 
49.0 I 
28.0 I 

04 I 
16.0 I 
2.8 I 

I 
I 
I 

392.8 I 
133.3 I 
5.6 I 

R53.1 I 
138.0 I 
5b.0 I 
10.0 I 

274.1 I 
230.2 I 
16.0 I 
7.5 I 

113.0 I 
65.9 I 
5.4 I 

I I SURE0 I 
Si02 I NA- I NA- tS102 IS102 IS102 I I 

. I K - C A  IK-CA I A D  ICOND I C W A L  I I 
I 113 I 4E3 I I I I I 
I I I I I I I 

49.0 1 1 1 1  I 75 I 102 I 101 I 69 I 58 I 
137.0 I 122 I 85 I 144 I 151 I 125 I 95 I 
340.0 I 23M I 344 I 200 I 219 I 205 I 94 I 

H6.0 I 184 I 1 1 1  1 126 I 129 I 100 I 29 I 
105.0 I lbl I 46 I 133 I 140 I 112 I 30 I 
75.0 I 91 I 94 I 120 I 1P2 I 92 I 46 I 

233.0 I 229 I 251  I 177 I 191 I 171 I I 
111.0 I 133 I 81 I 13L1 I 143 I 116 I 26 I 
126.0 I 162 I 60 I 144 I 151 I 324 I I 

V S o 0  I 152 I 106 I 130 I 135 I 106 I 22 I 
hl.0 I 122 I 3 I 123 I 126 I 96 I 16 I 
61.0 I 86 I 67 I 1 1 1  I 112 I 81 I 4 0  I 
79.0 I 145 I 132 I 122 I 125 I 95 I 82 I 
63.0 I 63 I 62 I 105 I 105 I 73 I 44 I 
140.0 I 123 I 222 I 149 I 157 I 131 I 25 I 

S5.0 I 62 I 55 I 106 I 107 I 75 I 20 I 
99.0 I llb I 46 I 132 I 137 I 109 I 16 I 
170.0 I lflM I 122 I 159 I 169 I 146 I 52 I 
92.0 I 155 I 130 I 129 I 133 I 104 I 90 I 
124.0 I 152 I 194 I 143 I 150 I 123 I 55 I 
120.0 I 158 I is* I 141 I 148 I 121 I 17 I 
203.0 I 156 I 201 I 169 I 181 I 159 I 99 I 
182.0 I 159 I 154 I 163 I 174 I 151 I I36 I 
89.0 I 145 1 154 I 127 I 131 I 102 I I 
99.0 I 112 I 258 I 132 I 137 I 109 I 30 I 
'31.0 I 145 I 151 I 128 I 132 I 103 I 29 I 
94.0 I 116 I e i  I 130 I 134 I io5 I I 
107.0 I 100 I 1 1 1  I 136 I 141 I 113 I I 
96.0 I 129 I 101 I 131 I 135 I 107 I I 
200.0 I 240 I 781 I 168 I 180 I 158 I 53 I 

I I I I I I I 
I I I I I I I 
I I I I I I I 

9H.O I 223 I 124 I 132 I 136 I l O t l  I 53 I 
79.5 I 233 I 144 I 122 I 125 I 95 I 45 I 
55.0 I 117 I 83 I 106 I 107 I 75 1 57 1 
99.6 I 190 I 212 I 133 I 137 I 109 I 41 I 
58.0 I 207 I 154 I 103 I 109 I 711 I 50 I 
51.0 I 168 I 91 I 103 I 103 I 71 I 63 1 
61.0 I 113 I 52 I 1 1 1  I 112 I 81 I 54 I 

160.2 I 277 I 204 I 156 I 166 I 141 I 60 I 
86.0 I 143 I 108 I 126 I 129 I 100 I 66 I 
88.4 I 168 I 137 I 127 I 131 I 102 I 64 I 
M4.M I 195 I 227 I A25 I 129 I 99 I 24 I 
H6.0 I I&P I 152 I 126 I 129 I 100 I 57 I 
65.7 I 106 I R7 I 126 1 129 I LOO I 70 I 

57.5 I ZJU I 141 I loa I io9 I 71 I 57 I 
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