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1.0 Introduction 

1.1 Background Information 

Dona Ana County, New Mexico (see Figure l), is tec tonica l ly  s i t ua t ed  

within the  Ria Grande R i f t  (st ippled area i n  Figure 1 insert), which is a 

north-south tr g active thermo-tecton system t h a t  =tends from 

northern Chihuahua, Nexico, t o  c e n t r a l  Col 

late-Pliocene t o  l a t e 4 u a t e r n a r y  f au l t i ng  and volcanic a c t i v i t y ,  high heat  

flow, deep sediment basins, and Mrmerous 

sect ion,  selected da ta  from the  li e describing t h e  geology, 

geophysics, geothermal Dona Ana County are reviewed 

-rJ.ler -1Yses =Y not be 

lua t ions  of the data  col lected during the  course of 

aethelesb,  contributed t o  the  understanding of t he  

conclusions drawn 

geothermal energy po ten t i a l  of Do 

Reiter e t  al. (1978), ted amount of heat  flow da ta  

ice, have placed Dona Ana County within an 

ater than 2.5 heat flow units (HFU, one EFU 

have placed the  county 

flow study of Dona 

about 2.5 t o  3.6 EFU 

zes heat  flow values 

within a heat  

ity data  gather on (1976) and Young (1982) 

the  r e s i s t i v e  b e Paleozoic strata. 

Swanberg (1975) repor t s  subsurface temperatures based on the Na-K-Ca and 

Si02  geothenuometers throughout Dona Ana County (see Figures 3 and 4, 

respectively).  
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Figure 3. Temperatures estimated by Na-K-Ca geothermometry 
(Swanberg.197S). 
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Updated geothemometry da t a  have been compiled by Swanberg (1980a, 1980b) 

and Lohse (1982). 
* b  

A complete Bouguer gravi ty  map, based on t he  complete Bouguer gravity 

da ta  of Cordell e t  al. (1978), is shown in Figure 5 .  Geochemical, 

electrical, and magnetic anomalies in Dona Ana County are iden t i f i ed  in 

Figure 6. A tectonic  map (see Figure 71, based pr inc ipa l ly  on the  da ta  of 

and Seager (1980), shows late-Pliocene t o  Pleistocene and 

late-Quaternary fau l t ing  throughout Dona Ana County. A spa re la t ionship  

appears t o  exist betwe high heat  flow values (see Figure 21, a s teep  

gravi ty  gradient associated with a north-northwesterly trending pos i t ive  

gravi ty  anomaly (see Figure 5),  and the  Valley F a u l t  (see 

s p a t i a l  re la t ionship is also supported by anomalous geoch 

Figures 3 and 4) and other  geophysical da t a  (see Figure 6 ) .  

A bottom-hole temperature gradient map (see Figure 8) shows a 

north-northwesterly trend of anomalously high . gradients .. along the Valley 

Faul t  and high gradients also associated with known geothermal areas ( i .e . ,  

S a n  Diego Mountain, Las Alturas, and Radium Springs). The elevated 

temperatures and temperature gradients along the Valley Faul t  and i n  the 

known geothermal areas are thought t o  be due to  ascending hot o r  warm water 

up the f a u l t s  and fractured zones driven by forced and/or thermal convection 

(Swanberg, 1975; Lohse, 1980). Lohse (1980) suggested tha t ,  because a 

s p a t i a l  re la t ionship exists between the Valley Faul t  and other  late-Pliocene 

to  Pleistocene f aul ts ; anomalously high heat flow values, temperatures, 

bottom-hole temperature gradients; and other anomalous geophysical data ,  a 

fault-controlled hydrothermal system is favored a s  the mechanism and cause 

of the anomalous data. 
- 

6 
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Figur map of Dona Ana 
County [after Cordell 
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Figure 6. Geochemical, electrical, and magnetic anomalies in 
Dona Ana County (Lohse, 1980). 
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Figure 8 .  Bottom-hole temperature gradient map of Dona Ana 
County. 
used and, with the exception of a few w e l l s ,  most 
wells are less than 300 meters deep (Lohse,1980). 

- 
A surface temperature of 20°C has been 

- 

i n  
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The (formerly named) Las Alturas Geothermal Anomaly is s i tua t ed  on the  

Valley Faul t  j u s t  a few miles east of Las Cruces. Morgan, Swanberg, and 

Lohse (1980) reported t h a t  t h i s  geothermal anomaly was believed t o  be due t o  

a fault-controlled hydrothermal system. Two water w e l l s  d r i l l e d  by the  City 

of Las Cruces during 1980 located warm water t o  the east of Las Cruces and 

t o  the  north of the  Las Alturas Geothermal Anomaly. Data from both of these 

w e l l s  suggested t h a t  the  Las Alturas Geoth 

flrst estimated, while da ta  from one of the 

was  warmer than f irst  suspected. Together, these da ta  indicated that  the  

c Las Alturas etmaf Anomaly was p a r t  of a much l a rge r  and ' .hotter 

I - *  

- 
Y 

* 

hydro thermal 

Figures 9 and 10 show anomalous temperatures and geotemperatures in 

Dona Ana County, respectively.  A o s i t e  of the  da ta  displayed i n  Figures 

9 and 10 is shown i n  Figure 11. Lohse (1982) concluded that the  

hydrothermal systems in Dona Ana County are f a u l t  controlled,  a be l ie f  

s t a t ed  previously by Swanberg (1975) and Lohse et 

4 
I 

. . .  
(1981). 

U 1.2 Project  Obiactives 

The primary object ives  of t h i s  

0 and 25, .from 

Las Cruces t o  Anthony, ata needed to 

t) exploratory 

s achieved as the  

Based 

test holes and/ 

ro j ec t . 

project.  The 

part of t h i s  

f a l l  of 1982 

i 

c. 
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Pigum. 9. Sites in Dona Ana gounty characterized by anomalous actual 
temperatures (a30 C) of wehls and springs, bottom-hole 
temperature grzients ( 2 6 0  Cilau)  06 wells, or by 
anomalous actual temperatures (240 C) of thermal springs v 

(Lohse, 1982). 
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0 CEOZHERMAL ANOMALIES IOENTlC E D  6 Y  S i02  OEOTHERMOMETRY L9O.C 
AND N.-K-CJ CEOTMERMOMETRY L 120. c 

ANOMALIES tOENTlFIED 61 S i 0  GEOTHERMOUETRY Z9O.C 
AN0 Na.K-Ca IMg CORRECTEDl GEOTWERMOUEhY ZTO'C 
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rized by anomalous Si02, 
and Na-K-Ca (Mg-corrected) geotemperatures of springs 
s (Lohse, 1982). 
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Figure 11. Sites in Dona Ana County characterized by anomalous geotemper- 
atures, actual well temperatures, bottom-hole temperature 
gradients, and thermal spring temperatures (Lohse, 1982). 
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t o  a depth of approximately 2,650 f t .  

available from the  New Mesic0 Energy and Minerals Department. 

The da ta  col lected from t h i s  w e l l  are 

1.3 Projec t  Procedure 
f 

Arr exploration technique of d r i l l i n g  and logging shallow (i.e., 100 t o  I 
5 300 fee t )  temperature gradient holes spaced roughly one mile apa r t  was used. 

This technique is a proven approach to  c o l l e c t  temperature da t a  t o  

complement geophysical and geological data  f o r  use i n  del ineat ing geothermal 

energy resources. Spacing dis tances  varied due t o  inaccess ib i l i t y  of 

5 

property and topography, but t he  spacing w a s  chosen so as t o  give utaxisnum 

coverage f o r  the d r i l l i n g  expenditures while a t  the same time maintaining 

the  desired degree of resolution. The w e l l  locat ion pa t te rn  was designed so 

t h a t  in every case the locat ion was chosen t o  examine a spec i f i c  geological 

or geophysical concept or t o  invest igate  the  po ten t i a l  of geothermal 

resources located near t o  potential users  in areas where l i t t l e  exploration 

has occurred previously. > .  . . .  
1.4 Pr iva te  Sector Par t ic ipa t ion  

Most of the  land targeted f o r  exploration under t h i s  pro jec t  is managed 

by the  Bureau of Land Management (BLM). In most cases, geothermal 

exploration leases have been applied f o r  by, or issued to ,  p r iva te  resource 

development companies. The pr incipal  lease holders i n  the exploration area 

are Chaffee Geothermal, Ltd. of Denver, Colorado 

Inc. of Oakland, California,  and Mon Energy Company of San Antonio, 

Texas. J o i n t  carr ied out with each of these 

n the area surrounding Tortugas Elountain 

were undertak nancial ass i s tance  of Chaffee 

Geothermal, Ltd. The r e s u l t s  of thes t ies are contained i n  Chapters 
i 

- + 2 and 3. Evaluation of the geothermal energy poten t ia l  east of I n t e r s t a t e  

15  



t i  

Highway 10 from Mesquite to Anthony, New Maico, was conducted with the 

cooperation and financial assistance of Trans-Pacific Geothermal, Inc. and 

Monterey Energy Company. Chapter 4 summarizes the results of th i s  

8 0  

exploration program. 811 of the temperature data col lected as part of th is  

project are reproduced in-Appendices A and D. 

. .  

. .-I 

16 
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2.1 Introduction 

Thirty-four shallow t.emperature gradient holes were d r i l l e d  during 1981 

in t he  area surrounding Tortugas Mountain on the  Las Cruces east mesa i n  

- .  
2.0 Temperature Gradient Dr i l l ing  in t he  Area Surrounding Tortugas Mountain 

- r  

- 
4 

J 

. 

4 

0 

- . 

. 
- .. 

order t o  fu r the r  de l inea te  a geothermal anomaly which was f i r s t  confirmed i n  

the  Las Alturas area i n  1979. University-based researchers had previously 

defined the  Las Alturas Geothermal Anomaly (see Figure 1) by conducting 

geophysical sumeys and temperature gradient  w e l l  d r i l l i n g  programs. 

Electrical r e s i s t i v i t y  da ta  ( and Jiracek, 1979) were Interpreted as 

suggesting that the  anomaly o t he  north. In 1980, 

the  City of U s  Cruces d r i l  fer w e l l s  north of t he  Las Alturas 

Geothermal Anomaly, which emperatures and suggested that 

the  anomaly was mu f i r s t  anticipated. The r e s u l t s  

of t h i s  temperature gradient w e l l  d r i l l i n g  program and other  recent  

exploration activities by Chaffe Lfd. (see Chapter 3) support 

t h i s  conjecture. 

2.2 Temperature Data 

The locat ions of the  temperature gradient ident i f ied  by t he  

label 'TG, are shown in Figure 35 meters to  91 

ts, ranging in  

d r i l l i n g  rates 

gravels (with 

TG32 which 

information 

Measured b o t t  504 OC/km, 

with a temperatur (TG-43) and 



.- 
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Figure 12. Location of temperature gradient holes (TG) in the 

area surrounding Tortugas Mountain. 
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a temperature of 48OC measured a t  a depth as shallow as 55 meters (TG-31). 

Erramples of t he  temperature-depth data  are given i n  Table 1 and Figure 13. 

Depth intemals f o r  which temperature gradients  are calculated have been 

chosen t o  correspond t o  near ly  linear temperature increases with depth. 

Representative tenperamre gradients  f o r  each of these sec t ions  were 

computed using a 1 squares fit routine. The standard e r r o r  of the  

estimate f o r  the t each depth internal. 

A complete complla o r  the  34 temperature 

gradient holes in Appeadix A. 

ow t he  hole l o c a t i  e ra tures  at  30 meters 

respectively,  of new and ill sites within the  

gradient holes d r i l l e d  t o  depths less than > .  90 meter 

extrapolating the  measured temperature-depth data.  A linear extrapolat ion 

gradients,  while a gradual decrease i n  the  temperature gradient with depth 

t o  be convection 

ature gradient is 

depth prof i le .  

Is in Figures 14 and 

t thermal gradient 

have been added t o  

eothennal f i e ld .  The S0C 

achieve a more 

i n t e rva l s  r a the r  than 

thus, one may be misled 
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Table 1. Temperature-depth da t a  f o r  TG-63. 

longitude, 106' 39.68' township & range, T24S.R3B.8. 134; e lda t ion ,  
temperature logged, 11-13-81; total  depth, 91 meters; depth of 15 inch 

Location: l a t i t u d e ,  32' 14.15', 

1,295 meters; spudded, 10-12-81; 

PVC casing, 91 meters; bottom-hole temperature, 40.8OC; bottom-hole depth, 90 meters; bottom-hole 
temperature gradient,  231°C/km; 

2 
best  estimate heat  flow value, 339 mH/m (8.1 HFIJ). 

w 
Lithology 

- 
Iep t h  
(m) 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
91 

- 

- 

Temperature 
("0 

Temperature 
Grad t e n t  

("C) Remarks 

k i l l h g  rate wae f a s t .  
rormatione are uncon- 
tolidated, 

rormations have a gra- 
lual decrease i n  gra in  
iize with depth. 

22.69 
22 -08 
23 . 39 
25 . 13 
26 . 61 
27 . 93 
28.98 
30.06 
31 . 12 
32 . 11 
33,.01 
34.01 
35; 06 
36 . 23 
37 . 35 
38.41 
39 . 68 
40 . 84 
40.96 

10.0 
- 

7.7 - 
7 .O - 
7.7 

- 

~~~ 

298.4 f 8.0 
gravel 1.4 

213.0 & 0.8 gravel and dand 320 

320 

I) 

1.5 

195.6 f 2.9 coarse sand and gravel  

1.4 228.0 f 2.3 coarse sand 

* Estimated thermal conductivity values. 

4 b c * * 
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Figure 14. Temperature contours at a 30-meter depth i n  the 
area surrounding Tortugas Mountain. 
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v i sua l ly  t o  bel ieve that a l a rge r  temperature increase over the  width of t h e  = 

anomaly exists a t  a depth of 30 meters than a t  90 meters (c 

and 15). 

are Figures 14 

In  f ac t ,  t h e  temperature regime a t  90 meters is b e t t e r  defined and 
i 

nmre deta i led  than the  one a t  30 meters (i.e., a va r i a t ion  of 3OoC across  
_I - . .- - - - 

t he  width of t he  anomaly compared t o  17OC). Furthermore, because the  

hydrothermal system is believed t o  be fault controlled,  t h e  9Olneter r a the r  

- than the 3 h e t e r  da ta  should be used to  ssist in the iden t i f i ca t ion  of the  

locat ion and o r i en ta t ion  of the  corresponding thenually-active f a u l t  system. 

. .  2.3 Heat Flow Data 

. The hole  locat ions and bes t  e tes for heat  f a l u e  f o r  the  

current  -and existing dr i l l  sites within the  area surrounding Tortugas * 

Mountain are shown in Figure 16. Heat flow values o r  specif ied depth 

in t e rva l s  were calculated f o r  each of the holes d r i l l e d  under the  current  

program based on measured temperature gradients and estimated thermal 

conduct ivi t ies  (see Table 2). The estimated best .heat flow value represents  
. 

a simple average of the  heat flow values f o r  each hole. These bes t  

estimates range from 2 t o  19 HFU within the anomaly. 

a7 

~ 

Figure 16 a l so  shows the generalized r e s u l t s  of an ana lys i s  of t he  heat  

flow data  versus depth f o r  a l l  of the current and some of the ex is t ing  d r i l l  

sites. Based on the magnitude and consistency of the  decrease in heat  flow 

with depth, the sites are assigned to  a heat flow regime characterized as: 

(1) conduction dominated; (2) semi-conductbe (i.e., approximately equal 

components of conduction and convection); (3) convection dominated; o r  (4) 

very strongly convection dominated. Holes exhibi t ing small o r  no decreases 

in heat flow with depth are considered t o  be condu dominated, w h i l e  

holes with large decreases are labeled very strongly convection dominated. 

Although a strong convective area lies adjacent t o  a conductive area i n  a 
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Figure 16. Heat f low map of the area surrounding Tortugas 
Mountain 
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Table 2. Sumnary of estimated thermal conduct ivi t ies  
f o r  the area surrounding Tortugas Mountain. 

Estimated 
Thermal 

Conduct$zity 
Lithology (Wh- K) Remarks 

gravels 
gravel; gravel and sand 1.4 unconsolidated 

(< 25 meters) 
gravel and sand 1.5 unconsolidated 

(> 25 meters) 
gravel and clay 1.5 s emi-cons ol ida  t ed 
gravel and sand 1.6 semi-consolida ted 
gravel and clay 1.8 consolidated, hard 
gravel and sand 1.9 consolidated, hard 

sands - 
sand (coarse, medium, and 

sand and clay 
sand and gravel 

sand and .gravel 

sand and gravel 
sand (well-cemented); 

sand and gravel 

clays 
clay; c lay and c a l c i t e  
c lay and sand; 

clay and gravel 
clay and gravel 

limes tones 
limestone and c a l c i t e  
limes tone 
limes tone 

f ine)  ; 1 .4  unconsolidated t o  
semi-consolidated 

( <  25 meters) 

( >  25 meters) 

1.4 unconsolidated 

1.5 -. unconsolidated 

1.6 semi-consolida ted 
1.9 consolidated, hard 

1.3 semi-consolida ted 
1.4 semi-consolidated 

1.5 consolidated, hard 

1.7 fractured, hard 
2.1 hard 
2.2 very hard 
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Figure 16, t h i s  condition should not he interpreted as a strict physical 

model but  instead as a measure of the  cont ras t  between t h e  heat  flow 

character of the  two adjacent d r i l l  sites. 

~ 2.4 Geological and Geophysical Data ' 

2 . 4.1 Tectonic Features 

Several m i l e s  t o  t he  east of the  area surrounding Tortugas Mountain, 

Seager (1981) has mapped pre-late-Quaternary faults which trend in a NW-SE 

direct ion.  The Massey Tank*Fanlt zone and the  Pena Blanca Faul t  in t he  

southern p a r t  of the  Organ Mountains, approximately 10 kilometers t o  the  

southeast of Tortugas Mountaln, are on line with t h e  NW-SE t re id ing  northern 

boundary f a u l t  of Tortugas Mountain. These f a u l t s  are a l s o  shown ou a 

geologic map of the area (Kottlowski, 1960). t he  Organ Mountsins An area 

near Squaw Mountain, approximately 8 kilometers t o  the north of the Massey 

Tank Fault  zone and the  Pena Blanca Fault ,  shows some NW-SE s t r u c t u r a l  

cont ro l  (Seager, 1981) and lies on a l i n e  with a suspected NW-SE trend in 

t he  northern p a r t  of the 
. .  

geologic cross 

electrical r e s i s t i v i t y  

existing d r i l l  holes. 

LANDSAT and SKYLAB 

ow a NW-SE f r ac tu re  zone extending from the  

the northwest across Dona Ana 

and N-S di rec t ions  

are believed t o  in t e r sec t  in Dona Ana County (Lepley, 1982; Lohse, 1982). 
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$ 3  

2.4.3 Aeromagnetic and Gravity Data 

The aeromagnetic da ta  of Reller (1979) show NW-SE and N-S s t r u c t u r a l  
= 5  

- . trends (see Figure 17) These trends,  defined by l a rge  magnetic gradients,  
* 

are predominately NW-SE and N-S in t he  southern and northern p a r t s  of t he  

area surrounding Tortugas Mountain, respect ively,  and may i den t i fy  the  * 

posi t ions of basement f au l t s .  Because of a l imited density,  t he  d i s c r e t e  

f a u l t  structure is not e a s i l y  recognized in Figure 18, which shows the  

res idua l  Bouguer gravi ty  data  of Aiken et  al. (1978). 

2.4.4 Electrical Resistivity Data 

Electrical r e s i s t i v i t y  da t a  obtained by Schlumberger depth sounding 

techniques in the  area surrounding Tortugas Mouhtain have been col lected by 

Jackson (1976) and Young (1982). The electrical r e s i s t i v i t y  sites where 

these da ta  were col lected and the  p r o f i l e  l i n e s  used f o r  the  current  

analysis  are shown i n  Figure 19. Jackson (1976), Wilson et al. (1981), 

using the  data of Jackson (19761, and Young (1982) have modeled electrical 

r e s i s t i v i t y  data i n  the  area of Tortugas Mountain i n  the  form of r e s i s t i v i t y  
. .. 

layers ,  f o r  which the  thickness, r e s i s t i v i t y ,  and depth of emplacement are 

specif ied for each layer.  

2.4 . 5 Subsurf ace Structure  

In order t o  postulate  the  subsurface s t ruc tu re  of the area surrounding 

Tortugas Mountain, electriciil r e s i s t i v i t y  layers  were correlated t o  

determine cross sect ions along p r o f i l e  l i n e s  from one depth sounding t o  

another. The cross sect ion f o r  the  p r o f i l e  line Cl-C10 is shown in Figure 

20. A complete set of cross sect ions is included i n  Appendix B. 

These cor re la t ions  are based on: (1) r e l a t i v e  and systematic changes 

between a l t e rna te  or sequential  high and/or low r e s i s t i v i t y  values; (2) 
c 

similar thicknesses and depths of layers  w i t h  comparable r e s i s t i v i t y  values; 

and (3) 

. 
order of magnitude changes i n  r e s i s t i v i t y  values. 
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RESIDUAL BOUGUER GRAVITY MAP - 
GRAVITY CONTOURS -2 
(5  MGAL CONTOUR INTERVALS) 

Figure 18. Residual Bouguer gravity map of the area surrounding 
Tortugas Mountain [after Aiken et a l .  (1978)J 
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gure 19. Elec C - f l J , @  l ines  fo r  the 
area surrounding Tortugas Mountain. 
taken from Jackson (1976) and Young (1982). 
l ine  A-A’ is discussed i n  Section 3.3.2. 

The data are 
The prof i le  
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Three d i s t i n c t  subsurface formations are iden t i f i ab le  from these correla- 

tions, namely, three layers  of sediments, one lcanic  sequence, and three 

divisions of Paleozoic strata. In order of increasing depth, t he  

sedimentary l ayers  are interpreted t ternary sands and 

gravels; (2) the  r Santa Fe group o ternary age; and (3) the  

Lower .Santa Fe group of 1 Jon Andesite of 

l a teEocene  of early-aligocene s believed t o  comprise 

the  volcanic sequence. The t rata are defined 

by l a rge  increases in e interpreted t o  be 

-Penn, o r  possibly 

p r o f i l e  lines shown in Figure 

duced in Figure 21. 

Estimated dept ic strata, are 'also 

shown in Figure 21 - . .  ed primarily from 

o f f s e t s  in the  ers. Eowever, surface f a u l t s  and 

eager (1981), and 

also contributed to  the  

d i p  d i rec t ions  

ions and loca l  

from the observed dip of 

of the Org untains, located approximately 12 kilometers t o  the 
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* *  2.5 Discussion 

Both the  temperature and heat f l o w  data  Csee Figures 14 through 16) 

show a similar pa t t e rn  f o r  t he  thermal anomaly. Sharp con t r a s t s ' i n  bottom- 

hole  temperatures (Le., 20 t o  5 4 O C ) ,  heat  flow values (i.e., 2 t o  19 EFU), 

* . 

- and in t he  character of t he  heat  flow (Le., conductive t o  .strongly 

convective) over dis tances  on t he  order of 1 kilometer within the  area 

surrounding Tortugas Mountain ind ica te  the  existence of a near-surface, 

fault-controlled hydrothermal system. 

Where the  cont ras t  is not so sharp, t h e  fault-controlled hydrothermal 

system is probably somewhat deeper, hidden below the  Quaternary sediments. 

- Because the  sharpest cont ras t  occurs ere the  electrical basement 

(Permo-Perm) is w e l l  exposed (Tortugas Mountain), the  basement f a u l t  

s t ruc tu re  may w e l l  control  t he  hydrothermal system. Howwer, because l a rge  

lateral hot water s lead t o  high heat flaw values, are of a convective 

nature,  and prob the  ascent . * .  of t he  geothermal f l u i d s  

* 

* 

1 through t h e  basement (Permo-Penn 

sediments, there  may be signlf i can t  deviations between actual fault 

posi t ions and the  posi t ions inferred from sharp cont ras t s  i n  temperatures, 

heat  flow values, and modes of heat t ransfer .  In  particular, t h i s  condition 

may be t r u e  f o r  the high heat flow ar west of Tortugas Mountain (see 

). This strongly convective zone may be caused by: (I) 

r l y  d i rec t ion  following its ascent up 

tugas Mount ical  flow of hot 

f ractured ba k overlying a very 

b 

The subsurface s t ruc ture  map (see Figure 21) suggests that the  

ault-controlled hydrothermal system is composed of NW-SE and N-S 
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components, which give the  system an apparent NNW-SE trend. There is also a 
' L  

strong s p a t i a l  cor re la t ion  between the  apparent NNW-SSE trending thermal 

anomaly and t he  deep s t r u c t u r a l  control  defined by gravi ty  and aeromagnetic 

maxima. These maxima and t h e  thermal anomaly c lose ly  coincide in the  

northwest and southeast  portions of t h e  area surrounding Tortugas Mountain, 

while the  gravi ty  and aeromagnetic maxima trend s l i g h t l y  t o  the  east of t he  

the& anomaly in the  cen t r a l  portion of the  area. Both t h e  gravi ty  and 

. 
c 

. .  

aeromagnetic da ta  show very la rge  maxima in the  southeast  port ion of the  

area surrounding Tortugas Mountain, where analyses of temperature gradient 

and heat flow data show an increase in the  temperature gradient with depth 

and suggest a semi-conductive t o  conductive mode of heat  t ransfer ,  

respectively. 

.. 

Temperature gradient and heat  flow values in the  southeast  p a r t  of t he  

area surrounding Tortugas Mountain are as high as 2OO0C/km and 7 t o  8 EFU, 

respectively,  with bottom-hole temperatures of 41°C a t  90 meters. If 

temperature gradients of t h i s  magnitude p e r s i s t  with depth, temperatures of 

100°C could exist a t  depths as shallow as 400 meters. 

. ... 
* 

. 
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3.0 Deep T e s t  Production W e l l  Dri l l ing  in the  Area Surrounding Tortugas 

Mountain 

3.1 Introduction 

Chaffee Geothermal, Ltd. is a small, independent geothermal production 

company located i n  Denver, Colorado, ederal and state 
geothermal leases f o r  approximately 16,000 acres of land east of Las Cruces, 

New Mexico . addi t ion t o  t h i s  lease acreage, Chaffee is pursuing an 

- interest in  mother  10,000 acres  of lease applications. Both the  leased 

in BP area of land and the  land under lease appl icat ion are contained 

i n t e r e s t  t h a t  is 14 miles long and 

interest is oriented north by northwest and is s i tua ted  

miles east of downtown Las Cruces. 

c 

* 

on the  Chaffee Geothermal, Ltd. Las Cruces deep test 

production w e l l  d r i l l i n g  project  in 1981 when fann-out agreements with 

Southland Royalty Company were completed. Subsequent . .. lease acreage w a s  
- * 

. acquired by Chaffee Geothermal, Ltd. in 1981 and 1982 through d i r e c t  f ede ra l  

and state leasing programs. 

shallow "temperature gradient survey (see Chapter 2) along with other  

ed that a forced convective system with hot 

steep f a u l t s  borderlng the Jornada Basin was 

in a north by 

e Jornada Basin to  the  

predicted water flow 

in t o  the west along 

ing its way info the  

the surface tempera- 

& 

+ 
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' 6  ture anomaly with the  boundaries of t he  hors t  block, t he  paral le l ism of 

isotherms with known and inferred f a u l t s ,  and the  abrupt t r a n s i t i o n  from 

background t o  anomalous surface temperatures a l l  suggested a 

fault-controlled system. 

* 

3.2 Exp l o ra t ion  Program I n i t i a t e d  in 1981 by Chaffee Geothermal, Ltd. 

The production test w e l l  locat ions were selected by considering three  

pr inc ipa l  criteria: (1) proximity t o  fmportant f a u l t s  cont ro l l ing  the  

ascent of the  geothermal w a t e r ;  (2) access from exis t ing  roads t o  minimize 

environmental impact, permitting time, and road building expenses; and (3) 

a reasonable pipel ine dis tance t o  L'Eggs Products, Inc. (Hanes Corporation) 

and Sandyland Nursery. Five locat ions were o r ig ina l ly  chosen and permitted; 

. .  

however, only two wells were d r i l l ed .  The locat ion of these w e l l s ,  

Chaffee-Las Cruces 35-25 and 12-24, are shown i n  Figure 19. Dri l l i ng  

activities w e r e  conducted during la te  1981 and ea r ly  1982, with a t a rge t  

temperature of 200°F . . . a  

Schlumberger depth soundings indicated that the  depth t o  reservoi r  rock 

(limestone) did not exceed 1,500 feet a t  the  chosen w e l l  locations,  so 2,000 

f e e t  w a s  selected as the maximum ant ic ipated d r i l l i n g  depth. All of the  

proposed wells were permitted t o  2,000 fee t .  The se lec t ion  -of a d r i l l i n g  

contractor  and the  w e l l  construction w a s  based on t h i s  depth. 

Bi l l ings  Dr i l l ing  Company of S a l t  Lake City, Utah, was chosen as the' 

d r i l l i n g  contractor because the i r  equipment w a s  i n  excel lent  condition and 

the  company had a proven record of d r i l l i n g  s imi la r ly  designed geothermal 

w e l l s  successfully. Bi l l ings  operates a Chicago-Pneumatic RT I800 with a 

mast capacity of 60,000 pounds. The r i g  is ou t f i t t ed  with a Gardner-Denver 

5-1/2 inch x 8 inch mud pump, ra ted at 220 gallons p e r  minute a t  338 pounds 

per square inch, and an a i r  compressor, ra ted t o  de l iver  825 cubic f e e t  per  

% 
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. minute a t  250 pounds square inch. Bi l l ings  was awarded a clapwork 

a t i n g  rig time a t  $160 per  hour and standby time 

a t  $125 per  hour, including a l l  support e q u i p  and personnel. 

. Energy Services, Xnc. of Idaho Fa l l s ,  Idaho, wa8 chosen t o  engineer the  

w e l l s  and supervise the d r i l l i n g  operations. Energy Senrices has been 

involved with many shallow, low-temperature geo thenual w e l l  d r i l l i n g  

activities throughout the t e r n  United States. 

.1 Well Desim 

The original w e l l  designs f o r  Chaffee-Las Cruces 35-25 and Chaffee-Las 

A 7-7/8 inch p i l o t  hole  would be d r i l l e d  with 

Thb hole would be 

16 inches to  /4 inch OD, 33.38 pounds per  foo t  

Cruces 

mud through the  alluvium and i n t o  the  limestone bedrock. 

4 were ident ica l .  

casing into the  b be 500 t o  600 fee t .  

After s e t t i n g  the  surface the w e l l  would 

continue with a 12-1/4 inch b i t  through the 

f e e t ,  whichever’ o ed f i r s t .  Thi g was planned t o  use 

r o l  loss of 

circula tfon. 

f the d r i l l i n g  rig, so 

7-7/8 inch b is option possible s ince 6 inch d r i l l  



c o l l a r s  would be used throughout t he  d r i l l i n g  process. 

could then be hung from the conductor casing if conditions warranted. 

A 6-518 inch liner 
* “ r  

3.2.2 Well 35-25 History 

The da i ly  progress of d r i l l i n g  operations f o r  W e l l  35-25 is given i n  

Table 3. W e l l  construction departed from t h e  ini t ia l  design e a r l y  i n  the 

d r i l l i n g  process. Since this w e l l  w a s  t he  f i r s t  d r i l l e d  i n t o  the  limestone 

reservoir, safety considerations changed the  casing points  because there  was 

a poss ib i l i t y  of intercept ing an over-pressured o r  artesian system that 

could not be controlled 

A p r o f i l e  f o r  W e l l  

was set a t  260 f e e t  t o  

at 560 feet, the depth 

casing w a s  intended to  

without surface casing. 

35-25 is shown in  Figure 22. The 12- inch casing 

ensure w e l l  control.  The 8-5/8 inch casing w a s  set 

a t  which limestone w a s  encountered. This string of 

penetrate  through the  limestone contact t o  ensure an 

.. 

adequate cement s a l ,  but w a l l  caving from the unconsolidated alluvium above 

f i l l e d  the hole  from the  d r i l l e d  depth of 582 f e e t  back t o  560 fee t .  . *. 
Dri l l ing  with mud c i rcu la t ion  continued t o  the  first s ign i f i can t  l o s t  

c i rcu la t ion  zone a t  642 fee t .  This zone w a s  capable of producing 250 

gallons per minute of 150°F water. Dr i l l ing  continued below t h i s  zone with 

air  c i rcu la t ion  provided by the  rig-mounted compressor. A 7-7/8 inch hole  

was d r i l l e d  t o  950 f e e t  before air  line pressures equaled the  capabi l i ty  of 

the  r i g  compressor. Several more production zones had be 

t h i s  time, and the pumped capacity of the  w e l l  w a s  pro 

gallons per minute. Because of inadequate l i f t i n g  capabi l i ty ,  there  w a s  no 

c i rcu la t ion  to  the surface from depths below 755 f ee t .  

The w e l l  w a s  temperature logged to  950 f e e t  and cement operations were 

undertaken to  seal out water from the  wellbore, s ince  production 

temperatures were s t i l l  5O0F below the ta rge t  temperature of ZOOOF. The 3 
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Table 3. Well h i s to ry  f o  

- . Activi ty  

- 
11-11-81 D r i l l  pad constntction and road work. 
11-12-81 Ertcavate mud p i t s ,  set blocks f o r  r i g  base 

11-13-81 S t  per day operation. Spud in a t  8:OO am. D r i l l  
~- 

t o  260'. Open 16" t o  220'. Dr i l l ing  &d opening 
with mud. 

casing with 258 f t  class C cenent. WOC. 

with mud. 

with 250 fr 8s G Cement. WOC. 

11-14-81 Open at 16'' t o  26Olo3 Run 12-3/4" OD casing t o  260'. Cement 12" 

* 11-15-81 WOC. D r i l l  ou t  cement with 11" b i t .  D r i l l  7-7/8" hole  to'520' 

* 11-17-81' iii* t o  582'. 8-5/8" OD casing t o  560'. .Cement 8" casing 
11-16-81 D r i l l  7-1/8" hole  t o  642'. Open cat 11" t o  530' with mud. Open a t  

11-18-81 WOC. out  cement with 7-7/8" b i t .  
11-19-81 D r i l l  t o  642'. Lost c i r cu la t ion  a t  642'. Pull ou t  aad 

11-20181 D r i l l  7-7/8" hole to-806'. P u l l  ou t  t o  change b i t .  Temperature 
Trip back t o  bottom with new 7-7/8" b i t .  

11-21-81 Drill-7-7/8" hole to  950 ' .  Run short -term . .. air-lift tests a t  548', 
68'. Trip out o f  hole. Run temperature log. Pour 

11-22-81 D r i l l  out  c h u e d  l o s t  c i rculat ion.  
Order 3-1/2" OD pipe d i t i o a a l  cement. R u n  840' of 
3-1/2" plge in to  hole  

01 * .  equipment. Switch t o  air. D r i l l  7-7/8" 
hole  t o  665'. 

log hole. . - 

- t i o a  zones. WOC. 

gese A t t e m p t  to  p u l l  
5,000 lb on 3-1/2" pipe, 

12-1-81 Suspend operations. 
drill down beside 3-1/2" 

CEraffee-Las Cruces 12-24. 
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- *  cementing option w a s  taken ra the r  than employing addi t iona l  a i r  compressors 

and boosters because t h i s  s t ra tegy  seemed t o  stand a reasonable chance of 

success a t  a much lower cost. Approximately 160 cubic f e e t  of cement was  

poured from the  surface in the  first attempt t o  seal the  water zones. This 

technique succeeded only in s e a l i n g  the  lowest zone a t  885 f e e t ,  and the  

cement level was tagged with d r i l l  p ipe  a t  880 fee t .  Then, 840 f e e t  of 

3-1/2 inch OD pipe was run i n t o  the weU. t o  pump cement d i r e c t l y  i n t o  the  

water zones. Forty cubic f e e t  of cement was ‘pumped a t  t h i s  depth, and the  

pipe w a s  then pulled up t o  other  40 cubic f e e t  of cement was 

pumped a t  756 feet, and again at 630 feet .  This staged operation brought 

%he cement level t o  640 feet. Although another 80 cubic f e e t  of cement was 

pumped down the hole , .  the  cement level did 

zune a t  640 f e e t  

of cement was pumped down t he  hole 

of Cement went . into and f u l e d  up the zone a t  64E> f ee t .  

- ., 

d 

6 

t ’  

eemed t o  be qu i t e  cavernous, and so another 80 cubic feet 

Only 14 cubic feet of t h i s  last volume 

The remaining 66 
- 
C 

- cubic f e e t  rose  up the  hole and in to  the  casing t o  the  450-foot level. 

the 180 f e e t  of 3-1/2 h pipe that was buried bn cement 

provided a greater f r i c t i o n a l  resistance t o  pulling than the maximum lift of 

te red  on the  weight ind ica tor  

t is also possible that the 

l e  texnperature was  a t  least 

othermic s e t t i n g  of such a 

t l y ,  the 3-1/2 inch p i p e  

t w a s  made to  salvage 

the w e l l  several  s ide  t h e  3-112 inch pipe. The 

ed, A cement plug is i n  



.._ . t he  well from 450 t o  950 f e e t  of depth. No f u r t h e r  attempts are planned t o  - 5  

salvage t h i s  w e l l .  

3.2.3 W e l l  12-24 His tom 

The da i ly  progress of d r i l l i n g  operations f o r  W e l l  12-24 is given in 

Table 4. W e l l  construction design changed from the  o r ig ina l  plan before  t h e  z 

w e l l  was spudded, namely, t h e  first two s t r i n g s  of casing became 16 inch OD 

and 12-3/4 inch OD in order t o  accommodate a l a rge r  pump i n  the  completed 

w e l l .  

A p r o f i l e  f o r  Well12-24 is shown in Figure 23. The 16 inch casing was 
e .  

set a t  468 f e e t  in an 18-3/4 inch hole. This hole  was i n i t i a l l y  d r i l l e d  as 

a 7-7/8 inch p i l o t  hole, then opened t o  15-1/2 inches, and f i n a l l y  opened t o  

18-3/4 inches. Mud c i r cu la t ion  was  used to  the  l o s t  c i r cu la t ion  zone a t  435 

3eet and water c i r cu la t ion  was used below t h i s  zone. The 16 inch s t r i n g  

cased out  400 f e e t  of alluvium and the  l a r g e  cavity in  the  limestone a t  435 
D 

fee t .  s.. 

Dri l l ing  w a s  ab le  t o  continue with mud f o r  96 f e e t  below the 16 inch . 
casing when l o s t  c i rcu la t ion  w a s  encountered again. A l l  d r i l l i n g  below 564 

feet w a s  accomplished with an air-foam Circulation system. The d r i l l i n g  

continued to  a production zone a t  889 f ee t ,  a t  which time too much water was 

flowing in to  the w e l l  t o  be l i f t e d  with the  rig-mounted compressor. Opening 

to  15-1/2 inches w a s  then begun so t ha t  12-3/4 inch pipe could be used t o  

case out the 889-foot zone. Eowever, plans were changed and the  hole w a s  

opened only to  886 f e e t ,  when auxi l ia ry  a i r  compressors were acquired i n  

order t o  regain circulat ion.  : 

An 850 cubic f e e t  p e r  minute Quincy primary compressor and a 1,500 1 

pounds p e r  square inch Joy two-stage booster provided adequate c i rcu la t ion  

capabi l i ty  f o r  deepening the 7-7/8 inch hole to  1,315 feet, the t o t a l  depth I 
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Table 4.  Well h i s to ry  fo r  Chaffee-Us Cruces 12-24. 

Date 

12-2-81 
12-3-81 ing onto site. Rig-up. Haul water and mix  mud. Spud 

12-4-81 

Begin moving r i g  and equipment onto site. 

8-3/4" b i t  a t  1 
Drill 8-3/4" hole t o  15'. t and make up 7-7/8" b i t  onto 

d r i l l  co l l a r ,  D r f l l  t o  158'. Trip out t o  change b i t .  D r i l l  
7-7/8" hole  with mud t o  285'. 

1 2- D r i l l  7-7/8" hole t o  412". Trip out  o change b i t .  D r i l l  7=7/8" 
hole with mud t o  435'. Total 10s c i rcu la t ion  at  435 ' .  Pull 
out  of hole  t o  ream t o  16". Open a t  16'' t o  Pick up 16" opener. 

Shut down fo 

water t o  463'. 

160' with mud. 

l o s t  c i r cu la t ion  a t  

12-15-81 Open h01 

6" OD casing t o  468'. 

t o  hole w i t h  7-7 
f i l l  i n  hole  p r  

' above b i t  a t  
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1-7-82 

1-8-82 

1-9-82 

1-10-82 

1-11-82 
1-12-82 
1-13-82 

1-14-82 
1-15-82 

1-16-82 

1-17-82 
1-18-82 

1-19-82 

1-20-82 
1-2 1-82 

1-22-82 

1-23-82 

1-24-82 

1-25-82 

1-26-82 

1-27-82 

1-28-82 

Table 4.  Ccontinued) . 
s 5 .  

Date Activi ty  

1-6-82 D r i l l  7-718" hole t o  880' with s t i f f  foam. Lose stiff  foam 
c i rcu la t ion  t o  surface a t  889'. Run shor t  term air-lift tests. 
Trip out of hole. temperature log. Trip i n t o  hole  with 
15-1/4" opener. 

Open hole  a t  15-1/4" t o  500' with st iff  foam. 
repairs.  

Open hole  a t  15-1/4" t o  5 4 0 ' .  
f i sh ing  tools.  Fishing. 

Lay down and remove defect ive 4-1/2" pipe. 
replacement 3-1/2" d r i l l  pipe. Open hole a t  15-1/4" t o  600' 
with foam. 

Shut down f o r  
Open hole  a t  15-1/4" t o  510'. 

Twist off a t  3:OO pm. Wait on 

Pick up and s tack  

Shut down f o r  repa i rs  t o  in jec t ion  pump. Open 15-1/4" t o  
700' . 

Open hole a t  15-1/4" t o  808'. o r  r epa i r s  to cluzch. 
Shut down f o r  repa i rs  t o  clutch.  
Shut down fo r  repa i rs  t o  clutch. Thaw out f roz  umps, lines, 

Open hole at 15-1/4" t o  860' with foam. 

Shut d 

and equipment. 

compressor and booster. Rig up equipment f o r  high pressure 
d r i l l i ng .  

with foam t o  905' 

Open hole a t  15-1/4" t o  893' w i t h  foam. Wait o iarY 

Rig up equipment f o r  high pressure 'dr i l l ing.  

Drill 7-7/8" hole t o  1,025' with foam. 
D r i l l  7-7/8" hole to 1,055' with foam. 

D r i l l  7-7/8" hole t o  1,215' with foam. 

D r i l l  7-7/8" hole t o  1,286' with foam. 
D r i l l  7-7/8" hole t o  1,315'. Run logs: natura l  ganxa, sonic, 

Run 12-3/4" casing t o  876'. 

D r i l l  out  f l g a t  plug and casing shoe. 

WOC. 

Trip in to  hole with 7-7/8" b i t  t o  check tha t  hole i 
Encounter obstruction a t  905'. 

D r i l l  7-7/8" hole  

Trip out t o  change b i t .  

Trip out of hole  t o  change 
D r i l l  7-7/8" hole  t o  1,150' with foam.'. 

b i t .  Temperature log hole. Trip in to  hole. 

temperature. 

casing shoe. 

with 70 f t  of class G cement. Trip in to  hole. WOC. 

in 12" casing with 11" b i t .  

bottom. Trip out of hole to  put 
on col lars .  Trip in to  hols  with co l la rs .  Finish cementing 
12-3/4" casing w i t h  280 f t  of class G cement. WOC. Push 
obstruction to  1,085 ' . 

Trip out of hole t o  remove check valves from s t r i n g  f 
a i r - l i f t /hydrologic  test. Run air-l if t  test. Air 
clean out cut t ings from w e l l .  

bottom of hole for  f i n a l  bottom confirmation: 1,078'. Trip out 
of 'hole. Release r ig .  

Begin running 12-3/4" OD casing in to  hole. 
Prepare to  d r i l l  out f l o a t  plug and 

Cement bottom of casing 

Shut down f o r  repa i rs  t o  hydraulic system. 
Trip out of hole. 

D r i l l  out cement 

Continue air  l i f t i n g  water t o  remove d r i l l  cu t t ings  

Rig down and load equipment fo r  departure. 
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achieved in t h i s  w e l l .  Returns w e r e  intermittent towards the  lower pa r t  of 

t he  w e l l ,  but hole cleaning w a s  good. 
* 5  

Natural ganxma, acoustic,  and 

and the  12-3/4 inch casing was set 

used t o  test and develop the  w e l l .  

3.2.4 Drilling Analysis 

temperature logs were 1110. t o  t o t a l  depth 

and cemented a t  876 f ee t .  Two days w e r e  
. 

* 

Whereas only eleven days of r i g  time were used on W e l l  35-25 t o  reach a 

depth of 950 f ee t ,  W e l l  12-24 required 42 days t o  d r i l l  and complete t o  

1,315 feet. Three of these days, however, were used to log, test, and 

develop the  well, work tha t  was  not done on Well 35-25, 
.. 

Operations on Well 12-24 were plagued with equipment f a i lu re s  from 

start t o  f inish.  A t o t a l  of 190-1/2 hours (8 days) were spent shut down for 

repa i rs  and fishing, which is an unusually l a rge  percentage of down time f o r  

any r i g  and can only p a t t i a l l y  be a t t r i bu ted  t o  normal wear and tear. No 

time w a s  l o s t  during the  d r i l l i n g  of W e l l  35-25 wi$h the  same equipment. It 

is probable that two of the eight  days l o s t  can be ascribed t o  normal w e a r  

. . .  

and tear, but the other six days are bes t  a t t r i bu ted  t o  using a r i g  tha t  w a s  

too small fo r  the d r i l l i n g  conditions being encountered. 

A summary of the cos ts  of the  1981 d r i l l i n g  a c t i v i t i e s  is given in 

Table 5. For comparative purposes, data  from a th i rd  w e l l ,  Chaffee-Las 

Cruces 55-25, d r i l l e d  during the f a l l  of 1982 a r e  included in Table 5. The 

s ingle  most important fac tor  i n  the  high cos t  p e r  foo t  value for.Wel1 12-24 

w a s  insuf f ic ien t  weight capacity of t h e  r ig .  The der r ick  capacity of the  

r i g  was 60,000 pounds, while the  maximum possible hook weight was 45,000 

pounds. A t o t a l  of 7,800 pounds of d r i l l  co l l a r s  were i n i t i a l l y  brought t o  

the  job, and addi t ional  co l la rs  obtained during the d r i l l i n g  process boosted 
- 

t 
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ry of w e l l  dr i l l ing  costs. 
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' 5  
this value t o  13,000 pounds. This weight was  s t i l l  only approximately 

one-third the  b i t  weight needed f o r  optimum penetration rates. 

Dr i l l ing  records f o r  W e l l  55-25, d r i l l e d  i n  1982, show t h a t  t he  b e s t  

penetration rates while d r i l l i n g  a 12-1/4 inch hole  in limestone were 

achieved with 40,000 t o  50,000 pounds of weight on. t he  b i t .  Since a 12-1/4 

inch hole  cu t s  a 118 square inch area and the  hole  opening process from 

7-7/8 inch t o  15-1/2 inch that w a s  used i n  1981 c u t s  140 square inches, t h e  

optlmum penetration f o r  opening would probably have been obtained with more 

than 50,000 pounds of weight. . .  
Two of the  three f i sh ing  operations that occurred during the  d r i l l i n g  

of Well 12-24 can also be a t t r i bu ted  t o  in su f f i c i en t  weigh 

d r i l l i n g  prac t ice  requires t h a t  the neut ra l  point  i n  a d r i l  

tension o r  compression) be i n  the  co l la rs .  

in tension, not compression. 

D r i l l  pipe is Intended t o  be  run 

The r i g  needed all of the c 

b i t  t o  get  any penetration a t  a l l ,  which allowed-the lowest pieces of d r i l l  

p i p e  t o  undergo compression. Both of these pipe f a i l u r e s  occurred a t  o r  
. . .  

r i g h t  above the  d r i l l  co l la rs .  In re t rospect ,  the  r i g  was a very cos t  

e f f ec t ive  r i g  f o r  the  amount of work performed a t  W e l l  35-25, but a poor 

choice f o r  Well 12-24. 

3.3 Reservoir Geology and In te rpre ta t ion  

3.3.1 W e l l  35-25 

A l i t ho log ic  log, temperature log, and water analysis  f o r  W e l l  35-25 

are included i n  Appendix C. No flow tes t  data  are available f o r  Well 35-25 

because the w e l l  was l o s t  before completion. However, the  temperature log 

t o  950 f e e t  ident i f ied  two more production zones, a t  755 and 885 f ee t ,  below 

the known production zone a t  642 fee t .  The 755-foot zone was  recognized 

during d r i l l i n g  as a l o s t  c i rcu la t ion  zone. There w a s  no c i rcu la t ion  re turn  

so 

. 



t o  the surface deeper than the  755-foot 2one and, probably, cu t t ings  from 

below were c i rcu la ted  fn to  

The zone at 642 feet was estimated t o  produce 250 gallons per minute 

If each of the three  production zones a t  642, 755, and during air l i f t i n g .  

885 f e e t  i n  the  w e l l  would have yielded equal flow, then the  w e l l  should 

have been capable of producing. 750 gallons per minute. This estimate is 

conservative because a pumped w e l l  o rd inar i ly  produces more flow than an 

a i r - l i f t e d  w e l l  and because smaller production zones below 755 f e e t  may have 

been penetrated but not  recognized. 

The temperature log indicates  that the temperatures of all three zones 

are equal, which suggests t h a t  are ~ t e r c o = = t e d -  The low 

productivity of the f i r s t  zone a t  642 f e e t ,  compared with production zones 

encountered in Wells 12-24 and 55-25, suggests t ha t  no major f a u l t  w a s  

intercepted. In addition, no fault gouge nor mineralization w a s  seen a t  the  

642 foot  zone. . . f  . .. 
The highest  temperature mured i n  Well - 35-25 was 154a4°F= This 

temperature probably could 

The maximtrm surface temperature measured a t  the bbz4.e l i n e  during d r i l l i n g  

as 150°F, b u t - t h i s  value is affected by the in jec t ion  of cooler, ambient 



w e l l  was isothermal f o r  t he  entire sect ion of t h e  limestone. ~ There is some 

evidence from the  d r i l l i n g  of W e l l  55-25 i n  1982 t h a t  t h e  155'F water zone 

, 

i s  comprised of mixed water, t h a t  is, p a r t l y  cooler,  shallower water and 

part& deeper ho t t e r  water. 
t 

The depth t o  bedrock in W e l l  35-25 confirmed the  in te rpre ta t ion  from t 

t h e  gravi ty  map of Brown (1977) t h a t  t he  Tortugas Mountain hors t  continues 

t o  the  south. One-half m i l e  t o  t he  southwest of Well 35-25, t h e  depth t o  

bedrock in the  Clary-Ruther o i l  and gas wildcat w e l l  has been reported t o  be 

520 fee t .  

by Brown (1977). 

This w e l l  is located near the  center of t he  gravity high reported 

Data from Well 35-25 suggest a minimum width of one mile 
.. 

f 

? 
for the  highest  p a r t  of the  buried hors t  block jus t  south of Tortugas 

Mountain, which is very nearly the  maximum width-of t he  ecposed outcrop of 

Tortugas Mountain, measured in a northeaster ly  direct ion.  

The northwest trending photo lineament j u s t  0.3 mile northeast  of W e l l  

35-25 is interpreted as a f a u l t  with s ign i f i can t  d ip  s l i p .  I f  the  hors t  

block has b i l a t e r a l  symmetry about t he  Clary-Ruther well as the  gravi ty  da ta  

suggest, then t h i s  f a u l t  es tabl ishes  a maximum half-width f o r  the  hors t  of 

t 

. .  

0.75 mile measured from the f a u l t  t o  the Clary-Ruther W e l l  and a corres- 

ponding magimum width of 1.5 m i l e s  f o r  the buried hors t  block. W e l l s  

designed to  produce 155'F f l u i d s  can probably be completed a t  depths 

shallower than Well 35-25 within t h i s  span of ' the  horst .  

3.3.2 Well 12-24 

A l i t ho log ic  log, temperature log, and water analysis f o r  Well 12-24 

are included in Appendix C. The temperature-depth curve f o r  Well 12-24 is 

reproduced in Figure 24. Flow data  f o r  Well 12-24 are available from a 

two-hour, a i r - l i f t  tes t  run on January 26, 1982. This shor t  test gathered 

information f o r  the planning of a long-term pump test. The calculated 

spec i f ic  capacity of 9.6 gallons per minute p e r  foot  of drawdown indicates  

* 
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s a  

t h a t  t he  w e l l  can probably be pumped a t  2,000 gal lons per minute with 200 

feet of drawdown. 
' f  

Several production zones were encountered in Well 12-24 and are 

AU of the  zones 
.. 

apparently interconnected as were t h e  zones in W e l l  35-25. 

produced water a t  a temperature of 150°F and are summarized i n  Table 6. P 

Cross sect ion A-A' (see Appendix C ,  Figure C-3) shows W e l l  12-24 

intercept ing a f a u l t  at  1,215 f e e t  below the surface,  corresponding t o  the  

deepest producthn zone ident i f ied  in Well 12-24. This fault was  mapped by 

King and Kelley (1980) and, i f  cor rec t ly  interpreted,  ind ica tes  an apparent 
* .  

dip  of 52'. Section A-A' does not cross  t h i s  f a u l t  a t  a r i g h t  angle, 

thus, the  t r u e  d ip  is probably la rger ,  perhaps as high as 60'. 

3.3.3 Discussion 

An extremely permeable limestone and dolomite reservoi r  bearing 150 t o  

15S°F geothermal waters of low s a l i n i t y  (i.e., 1,600 t o  2,000 p a r t s  per 

mil l ion t o t a l  dissolved so l ids )  has been proven t o  exist a t  depths of 435 t o  

1,315 f ee t .  The reservoir  can probably be found within the e n t i r e  Tortugas 

horst  complex tha t  has been delineated by a gravi ty  survey (Brown, 1977). 

... 

Apparent reservoir  behavior may be modeled as a confined aquifer  whose 

piezometric surface is a t  3,880 f e e t ,  referenced to  mean' sea level. 

Although deeper and ho t t e r  waters have been infer red  by geothermometry 

analyses (see water sample data  i n  Appendix C ) ,  the  locat ions and depths t o  

those waters cannot be determined from existing information. Further 

exploration work should concentrate on ident i fying major sources of 

upwelling and the control l ing f a u l t  system. 

. 
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Table 6.  Production zones encountered i n  W e l l  12-24. 

Zone Depth 
(ft) Comments 

435 to 450 

564 

cavern, k n m  production, cased out  by 16 inch pipe 

l o s t  c i r cu la t ion  zone, minor production, cased out  by 12-314 
inch pipe 

d r i l l i n g ,  minor production zone, cased out by 12-3/4 inch 
Pipe 

d r i l l i n g ,  minor production zone, cased 

1 

5 k, increased water volume t o  surface during 

* 

800 fractured rock, increased water volume t o  

- .  

889 
* of current t o t a l  w e l l  production capab i l i t y  . .  $ 

1,210 t o  - 1,250 i d  stic log, associated with known 
l o s t  c i rcu la t ion  zone a t  1,245 t o  1,255 f e e t ,  unknown 
contribution t o  production 



= T  4.0 Temperature Gradient Dr i l l ing  in the  Mesquite-Anthony Area 

4.1 Introduction 

Thirty shallow temperature gradient holes were d r i l l e d  during 1982 on 

the mesa east of I n t e r s t a t e  Highway 10 from Mesquite t o  Anthony, New Mexico 

(see Figure l), to  fu r the r  de l inea te  the Las Cruces East Mesa Geothermal 

Field- [Lohse and Iceman, 1982) . The northern boundary of t h i s  area is 

+ 

approximately 6 kilometers south of the  southern extent of the area 

surrounding Tortugas Mountain that was delineated in 1981 (see Chapters 2 

and 3). As the  r e s u l t  of these two exploration programs, de t a i l ed  

temperature data have been col lected over an area of about 250 square 

kilometers (%lo0 square miles) in Dona Ana County. 

e .  

* 

? 

4.2 Temperature Data 

The locat ions of the  temperature gradient holes, i den t i f i ed  by the  

l a b e l  TG, are shown in Figure 25. Twenty-eight of the  holes had t a rge t  

depths of 150 f e e t  ( ~ ~ 4 5  meters). Twenty-six, .of these holes reached the  

t a rge t  depth, with two holes, TG-72 and TG-91, being terminated prematurely 

as the  result of encountering hard strata a t  133 f e e t  and loss of 

c i r cu la t ion  a t  29 f ee t ,  respectively.  Two of the  t h i r t y  holes were d r i l l e d  

to  a t o t a l  depth of 315 f e e t  CQ 95 meters). A l l  of the  holes bottomed out  

i n  Quaternary sediments, ranging from unconsolidated gravels and sands t o  

semi-consolidated clays. Additional l i t ho log ic  information is provided in 

Appendix D. Measured bottom-hole temperature gradients range from 37 

to  177'C/km. The highest temperature recorded a t  45 meters was 28 C 

observed in hole TG-68. 

0 

Examples of the temperature-depth data are given i n  Table 7 and Figure 

26. Temperatures were recorded a t  one-meter i n t e m a l s  f o r  the  f i r s t  t en  

3 

meters and a t  five-meter in te rva ls  from ten meters to  the  t o t a l  depth. 
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Table 7. Temperature-depth data for TG-68. 

10.86', longitude, 106' 38.88', township 6 range, T S eR3E 3, Locat ion : &at i tude , ; elevation, 
meters; spudded, 7-23-82; temperature logged, 11-1-82 (lot30 am); total depth, 95 metere; depth of l& inch 
PVC casing, 95 meters; bottom-hole temperature, 34.1%; bottom-hole depth, 95 metere; bottom-hole temperature 
gradient, 149OC/km; best estimate heat flow value, 184 mW/m 2 (4.4 HFU). 

Eat imated 
Heat Flow 

Temperature 
("a 

Temperature 
Gradient 
("(3 

K* 
(W/m-OK) 

lepth 
(m) - 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
15 
20 
25 
30 
35 
40 
45 
50 - 

Remarks Lithology 

22.06 
23.55 
24.28 
24.36 
23 . 72 
23.24 
23.05. 
23.11 
23 . 18 
23 . 36 
24 . 22 
24.92 
25.63 
26 . 28 
27.19 
27.76 
28.49 
29.01 

- 
5.20 

4.13- - 
3 e86 

gravel and sand 1.4 
* 

1.5 144.8 f 5.2 sand, gravel; and clay 217 

'193 
115.2 f 0.8 sand and clay 1.4 '161 

* Estimatdd therma: conductivity values. 
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60 
65 . 
70 
75 
80 
85 
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95 

Pempera ture 
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29.58 
30.19 
30.74 
31-31 - 
31.93 
32 -49 
33 08 

' 33.59 
34.12 

Pemperature 
Gradient 
' ("a 

115.2 i: 0.8 

Lithology 

sand and clay 

L 

Estimated 
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1 

3.86 
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Figure 20. Temperature-depth curve for TG-72. 
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Depth iniervals f o r  which temperature gradients  are calculated are given in 

Appendix D. Representative temperature gradients f o r  each of these 

intervals were computed using a least-squares f i t  routine.  The standard 

e r r o r  of the  estimate f o r  the temperature gradient is a l so  reported f o r  each 

depth interval. Temperature gradients were not  calculated f o r  temperature 

data above 20 t o  avoid diurnal an-1 temperature 

disturbances. A complete compilation of a l l  of t he  temperature da ta  f o r  the  

30 temperature gradient holes is included in Appendix D. 
~- 

Figure 27 shows the  hole  locat ions and temperatures a t  30 meters. The 

temperature da ta  are hand-contoured a t  l 0 C  intervals general, 

temperatures decrease from north to  south and from w e s t  t o  east, although a 

small increase in temperature appears t o  occur near t he  Texas  border. 

4.3 H e a t  Flow 

Heat flow values f o r  specif ied depth intervals were calculated f o r  each 

es based on measured temperature gradients and estimated thermal of 

con ties (see Table 8) When heat  flow 

f o r  more than one interval in a given hole, the bes t  estimate hea t  flow 

V a l  a simple average of the  hea t  flow values. The hole  

locat ions,  bes t  estimates f o r  heat  flow values f o r  t he  Individual d r i l l  

sites, and he flow contours f o r  

Figure '28. The H e a t  flow data  are hand-contoured a t  1 e 

ge from 1.6 to  5.3 In general, heat  flow values 

t h  to  south with a small rise in heat  flow occurring near 

he Texas border. I east t o  w e s t  d i rect ion,  heat  flow values exhibi t  a 

n the northern p a r t  of 

intervals * 

the  Mesquite - Anthony area. 
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Table 8. 

. 

- 
Summnry of estimated thermal conductivities for 
the Mesquite-Anthony area. 

Estimated Thermai 
Lithology Conductivity (W/m- IC) Remarks 

gravels and sands 

gravel and sand 1.4 
sand and gravel 1.5 
gravel, sand, and clay 1.5 
sand, gravel, and clay 1.5 

sands and clays 

sand and clay 1.4 

.. 

semi-consolidated 

semi-consolidated 
sand and clay, alternating layers 1.4 
sand, clay, and gravel 1.5. -- 

clays 

clay 1.3 semi-consolidated 
clay 1.4 consolidated, hard 
clay and sand 1.4 semi-consolidated 
clay and sand 1.5 consolidated, hard 

c 
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- .  
. .  4.4 Geo,logical and Geophysical Data 

tonic  Features 

ped by Seager Cl98l) in the  Bishop Cap area 

also known l oca l ly  as the  Bishop Cap Mountains) and 

. by Kottlaws 1960) in the  Franklin Mountalns Surface faults i n  the  

trend in both NNW-SSE and ENE-WSW di rec t ions ,  with 

some minor f a u l t s  trending i n  a NNE-SSW di rec t ion  Ill the  Franklin 

Mouritains, the  surface f a u l t s  trend i n  a NW-SE direct ion.  The Bishop Cap 

l i t t l e  l a rge r  generally 

r t i o n  of the Frankl in  Hountains 

a N-S di rec t ion ,  while 

a 



4.4.2 Lineament Data 

A lineament study of New Mexico (Lepley, 1982) and LANDSAT and SKYLAB 
s 

satellite imagery suggest t h a t  there  are three major regional trends which 

-interiect in the  study area: (1) NW-SE, (2) NE-SW, and (3) N-S. Close’  

inspection suggests t ha t  npst of the  N-S trends are composed of l o c a l  

NNW-SSE and NE3E-SSW components, which, when counected end t o  end, result in _ -  

I a regional .NOS trend. 

4.4.3 Gravity and Aeromagnetic Data 

The res idua l  Bouguer gravi ty  da ta  of Aiken et al. (1978) show three 

principal  features  in tfie Mesquite-Anthony area (see Figure 2 9 ) .  A regional 

gravi ty  maxhum and a local increase in gravi ty  t o  the  r t h e a s t  are 

apparent. Thirdly, a high gravity gradient trends in a NNW-SSE direction 

through the  center  of the Mesquite-Anthony area, except in t h e  extreme 

northwest corner of the area where the  gravi ty  gradient trends in a ,N-S 

direction. The aeromagnetic data  6f Keller (1979) extends only a few miles 
. .  

i n to  the  northern end of the Mesquite-Anthony area. However, these data  

suggest the  existence of a magnetic maximum in the  north central portion of 

t he  area (see Figure 17). 

4.4.4 Electrical Resistivity Data 

Electrical r e s i s t i v i t y  da ta  obtained by Schllmrberger depth sounding 

techniques in the  Mesquite-Anthony area have been col lected by Jackson 

(1976). The electrical r e s i s t i v i t y  si tes where these data  were col lected 

and the p r o f i l e  lines used f o r  the current  analysis  are shown in Figure 30. 

Jackson (1976) has modeled the e l e c t r i c a l  r e s i s t i v i t y  data  i n  the  form of 

r e s i s t i v i t y  layers,  f o r  which the thickness, r e s i s t i v i t y ,  and depth of 

emplacement are specified f o r  each layer.  

i 

i 

. 
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LOCATION MAP FOR ELECTRICAL RESISTIVITY S l E S  
LOCATION AND NAME OF am-c POSITION ANO NAME -7 

*I* ELECTRICAL RESISTIVITY SITE OF PROFILE LINE 

Figure 30. Electrical resistivity sites and profile lines 
for the Mesquite-Anthony area. 
taken from Jackson (1976). 

The data are 
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4.4.5 Subsurface Structure  

The electrical r e s i s t i v i t y  l aye r s  were correlated to  determine cross 

sect ions along p r o f i l e  l i n e s  from one depth sounding site t o  another in the  

Mesquite-Anthony area. The cross sec t io  

is shown in Figure 31. A complete se cross  sec t ions  is included in . 

Appendix E. 

These corre la t ions  are relative and sysr-tic changes 

similar thicknesses 

values, Three d i s t i n c t  

subsurf ace formations are sug 

strata. The eted t o  be, in order of 

increasing depth: (1) gravels; (2) the  Upper 

Santa Fe group of earl per divis ion of the  Lower 

8 lower divis ion of the  same 

es defines  the two tram, which are fnterpreted 

or ien ta t ion  of subsurface f a u l t s  include: surface f a u l t s  and geology by 
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* a  

Kottlowski (1960), King and Kelley (1980), Seager (1981), and Seager e t  h. 
* .  

(1981); lineament da ta  from Lepley (1982); aeromagnetic da t a  by K e l l e r  

(1979); res idua l  Bouguer gravi ty  da ta  of Aiken e t  al. (1978); satellite 

imagery and aerial photography; and temperature and heat flow da ta  Zrom the  
- 

temperature gradient holes. Estfmated depths t o  and d ip  d i rec t ions  of the  1 

bedrock are derived from the  l i t ho log ic  cross  sect ions and l o c a l  geology. 

The magnitude of the d ip  i s  inferred from the  observed d ip  of exposed 

Paleozoic strata in  t he  Bishop Cap area of the  Organ Mountains, . the  Franklin 

Mountains, and a t  Tortugas Mountain located approximately 8 kilometers north 

of t he  Mesquite-Anthony area. 
.. 

Iz 

4.5 Discussion 

Exnmination of temperature and heat flow values shown in Figures 27 and 
c 

28, respectively,  show that the  thermal anomaly is greatest in the  north and 

generally decreases t o  the  south, with another smaller increase i n  

temperature and heat  flow values a t  the extreme southern end of the 

Mesquite-Anthony area. Figure 27 also shows a general increase of 

temperatures from east t o  w e s t  over the e n t i r e  Mesquite-Anthony area; 

however, heat flow values (Figure 28) ind ica te  a somewhat d i f f e ren t  pa t te rn  

f 

. . .  

of high t o  law t o  high again from east t o  west in the  northern p a r t  of the 

area. 

One explanation f o r  the high temperatures, temperature gradients,  and 

heat flow values in the northwestemmost p a r t  of t h e  Mesquite-Anthony area 

is lateral o r  v e r t i c a l  hot water flow. Further to  the east, away from the 

l o c a l  e f f ec t s  of the convective system, the  near-surface (i.e., 30-meter) 

temperatures are lower, but the  temperature gradients a r e  more l inear ,  which 

would be expected i f  t h i s  area were returning to  a more conductive mode of 

- 
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. t  heat  t ransfer .  In this respect,  the heat  flow values from t h i s  area would 

be more representat ive of the background heat flow f o r  the  northern p a r t  of 

t h e  Mesquite-Anthony area. In general, t h e  thermal anomaly may be 

characterized as having a gradual increase of background o r  regional heat  

flow from south t o  north, with a superimposed s t rong ' loca l  convective system 

'in t he  northwestern p a r t  of the  Mesquite-Anthony area. 

formation about the  hydrothermal system may be gained by 

examining the  res idua l  grav i ty  and subsurface s t ruc tu re  maps (see Figures 29 

and 32, respect ivly) .  The res idua l  grav i ty  da ta  show an increase in gravi ty  

toward the  northeast .  Part of t h i s  increase is due to  the  up l i f t ed  

Paleozoic strata which is dipping s teeply to  the  WSW. Removiag the  e f f e c t s  

of t h i s  ro ta ted  Paleozoic block would leave a res idua l  gravi ty  anomaly which 

s t i l l  increases toward the north but is cen t r a l ly  sh l f t ed  t o  the west. Thfs 

res idua l  gravi ty  anomaly may be re la ted  t o  t h e  observed increase in the  

. 

. 

regional (background) heat flow -from sou th .  to north. subsurface . . .  
(see Figure 32) suggests t h a t  the  strong convect 

northwest p a r t  of t he  Mesquite-Anthony -area is f a u l t  controlled. Whether 

t he  geothermal fluids are flawing v e r t i c a l l y  up the  f a u l t s  o r  l a t e r a l l y  fn 

her ly  d i rec t ion  within a 1 graben created by the  * faults, is 



' 0  

5 .0 Concluding Remarks 

During the  summers of 1981 and 1982, 64 shallow temperature gradient  

holes w e r e  d r i l l e d  on the  Nesilla Valley East Mesa (east of Interstate 

Highways 10 and 25), s t re tch ing  from U.S. Highway 70 north of Las Cruces t o  

N.a. Highway 404 adjacent t o  Anthony,.New Mexico. The holes w e r e  d r i l l e d  t o  

- 

delfneate  the  magnitude and extent of geothermal resources i n  t h i s  area. 

The program was highly successful in that exploration activities resu l ted  in 

the  discovery and confirmation of a major low-temperature geothermal f i e l d  

j u s t  a few miles to  the  east of Las Cruces that  has been newly named as t h e  
.. 

Las  Cruces East Mesa Geothermal Field. Evidence col lected as p a r t  of this 

f?rrploration program suggests t h a t  the  hydrothermal system may be ultimately 

ho t t e r  a t  depth and t o  the  southeast, where an intermediate temperature 

(Le., 100 t o  150OC) system may he present. 

0 

? 

L 

Elevated temperature and heat flow da ta  suggest t h a t  the  thermal 

anosnaly is approximately 45 kilometers long, w i t $  . . .  a width ranging from 4 t o  

8 kilometers. The highest temperature and hea t  flow values, 54OC and 19 

HFU, respectively,  are in the  northern p a r t  of the  anomaly in an area 

surrounding Tortugas Mountain, which is characterized by a st rongly 

convective mode of heat t ransfer .  With the exception of some local ized 

perturbations, the thermal anomaly appears t o  decrease from the  north to  the  

south. 

. 

Sharp cont ras t s  in temperature and heat flow values over r e l a t i v e l y  

shor t  distances of approximately 1 kilometer, plus  a s p a t i a l  re la t ionship 

between suspected subsurface f a u l t s  and the thermal anomaly, indicate  the  

existence of a near-surface, fault-controlled hydrothermal system. Because I 

the  sharpest  contrast  occurs where the e l e c t r i c a l  basement (Paleozoic 

strata) is w e l l  exposed a t  Tortugas Mountain, the basement f a u l t  s t ruc tu re  

i s  suspected t o  control  the hydrothermal system. 
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* .  

* * .  e s t ruc tu re  maps constructed he a i d  of ava i lab le  

he geothermal f l u i d s  are 

l a t e r a l l y  t o  the w e s t  down 

southwest dipping bedrock, through the  overlying 

-119 mixing with the cooler and cleaner southerly 

edge and understanding of the hydrothermal system 

resolut ion of the regional heat flow since the  areas 

re the  regional heat flow has been enhanced due t o  strong convection may 

rong convection are 

rothermal system and are 

not believed t o  contain ghest tempera rathermal system, 

probably occurring and also 

because the  suspe heat flow maximum, defined by 

sub trac ec t ive  contributions t o  *.eh  t o t a l  heat flow, is 

t e r a l l y  o f f s e t  to  the 

. This s p a t i a l  



' a  
Immediately t o  the  north of the  Bishop Cap area and t o  t h e  east of 

Tortugas Mountain is the  very southernmost p a r t  of t ornada Basin. The e 

d ip  of the bedrock in t h i s  area is believed t o  be t o  t h e  northwest and t o  be  

overlain with a very impermeable volcanic the  Orejon 

Andesite. This volcanic layer  apparently acts as a cap rock and creates a 

confined aquifer  in which recharge occurs in t he  southern par of the  Organ 

Mountains, The recharge appears t o  be constrained t o  flow towards the  

northwest over the  thermal anomaly Where it emerges as h o i  water in the  area 

surrounding Tortugas Mountain. This volcanic layer  also se 

near-surface groundwater flow in the  basin from the  the  

probably a major cause f o r  t he  lack of a shallow thermal anomaly within the  

basin. Thermal mixing almost ce r t a in ly  occurs as both thermal and 

nonthermal f l u i d s  migrate up the same westernmost boundary f a u l t s  of the 

southern Jornada Basin in the  v i c i n i t y  of Tortugas Mountain. 

A t  the  present time, very few wells have been d r i l l e d  deeper than 100 

meters on the  East Mesa and all of these are located i n  the  area surrounding 

Tortugas Mountain. A few kllometers west of Tortugas Mountain, New Mexico 

State University has d r i l l e d  two low-temperature geothermal production w e l l s  

which together y ie ld  approximately 600 gallons per minute of 62OC (144'F) 

water and are producing from approximately 240 meters. During 1980, the  

City of U s  Cruces d r i l l e d  two w e l l s  i n  search f o r  potable water within 7 

kilometers t o  the north of Tortugas Mountain, but abandoned the w e l l s  when 

hot water w a s  encountered. The w e l l s  were converted to  temperature 

observation holes, labeled LC-1 and LC-2, w i th  recorded temperatures of 56OC 

... 

a t  240 meters and 68OC a t  265 meters, respectively.  A la rge  f r ac tu re  

o r  f a u l t ,  w a s  encountered a t  the bottom of LC-1, which contained 

quant i t ies  of hot water estimated to  be  producible a t  a rate of a t  

zone, 

la rge  

least 

. 

& 

a 
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* c  1,000 gallons per minute. As part of this project, Chaffee Geothermal, Ltd. 

drilled two low-temperature geothermal production wells to the immediate 

north ana south of Tortugas Mountain and encountered approximately 1,500 

gallons per minute of 65OC (149'F) water produced from 270 to 380 meters in 

the northern w e l l .  An estimated flow of '750 gallons per minute of 68OC 

(154'F) water produced from 200 to 270 meters was encountered in  the 

southern well. Deeper drilling into now-knm , low-t emper at ur e 

* 

hydrothermal system is required to determine whether or not an intermediate 

temperature hydrothermal system exists. 
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Appendix A 

Temperature Data f o r  the  Area Surrounding 
Tortugas Mountain 

Note; The data are f o r  temperature gradient holes T625 through TG-67 
(see Figure cat ions) .  Holes TG-35 TG-39 ,. TG-48, 
TG-49, and T s i t e d  but not d r i l l ed .  TO59 through 
TG-61 were d r i l l e d  in t he  Deming-Faywood area pa r t  of another 
d r i l l i n g  program. The reported tempera d ien t  da ta  are 
least-squares f i ts  t o  the anpi r fca l  data h the  standard e r r o r  
of t he  estimate g iven .  Bottom-hole temperature adient  s were 
computed f o r  a 20 C surface temperature. 

, .  ... 



Well Name: Tc-25 

Location: l a t i t u d e ,  32" 15.12', longitude, 106' 40.98', township b range, T24S.RZE.1.242; e levat ion,  

1,289 meters; spudded, 9-16-81; temperature logged, 10-27-81; total  depth, 91 meters; depth of 14 inch 
PVC casing, 91 meters; bottom-hole temperature, 41.7OC; bottom-hole depth, 90 metera; bottom-hole 

temperature gradient,  241°C/km; best  estimate heat  flow value, 326 mW/m 
2 (7.8 HFU). 

00 
N 

Estimated 
Heat Flow 

Temperature 
("C) 

Temperature 
Gradient 

("C) 
Depth 

(m) 
K* 

(W/m- "a) 

1.4 

Remarks Lithology 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
91 - 

24.05 
23.84 
25.37 
26.78 
28.04 
29.18 
30 . 28 
31.36 
32.54 
33 . 54 
34 . 68 
35.75 
36.79 
37.85 
38.81 
39.76 
40.75 
41.71 
41.79 

k i l l i n g  rate was mode- 
.ate. Formatione are 
iemi-consolidated. 

gravel and sand 392 9.4 
- 

7 04 

280.2 f 8.5 

rormations have a gra- 
lual decrease of gra in  
iize with depth. 

. 
0 

coarse sand 
309 

277 

220.7 1 1.4 

medium sand 198.1 f 2.1 

* Estimated thermal conductivity values. 



Well Name: -26 

6 ’ ,  township 6 range, T23S.R3E.31a444; e levation,  
10-27-01; tota l  d 8metere; depth of 14 inch 

ottom-hole d e  meters; bottm-hole 
ue, 134 mW/m2 

Q, 
w 

(m) 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
68 

- 

. .  

Temperature 
(“0 

22 . 75 
21.31 i 

26 14 
26 . 33 
26 39 

* Estimated thermal conductivity values 



Well Name: TG-27 

Location: l a t i t u d e ,  32" 16.21', .longitude, l06O 40.00' , township 61 range, T23S.R3E.31.222; elevataon, 

1,323 meters; spudded, 9-11-81; temperature logged, 10-27-81; t o t a l  depth, 91 meters; depth of 15 inch 
PVC casing:, 83 meters; bottom-hole temperature, 25.7'C; bottom-hole depth, 83 meters; bottom-hole 

temperature gradient,  69"C/km; 
2 

best estimate heat  flow value, 109 mW/m (2.6 HFU). 

Estimated 
Temperature Heat Flow 

Depth Temperature Gradient K'ik 
(m) ("C) ("a Lithology (W/a-"K) (mw/m2) (HFU) Remarks . 

5 23.40 Dr i l l i ng  rate was slow 
from 55 meters to T,D. 
Formation i s  consoli- 
dated and hard. 

gravel and sand, hard 

* Estimated thermal conductivity values. 

V 9 



I t ,? t - 

- 
Depth 

(m) 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
05 
90 
91 

- 

38.36 
39 . 76 
41.16 
42.50 
43.82 
45.00 
46 . 21 
47.42 
48.35 
48 . 57 

I ,? t t * J  t # P  - * 
I 

Well Name: TG-20 

0 .  

.93' I township d range, T.23S.R2E025.333; e levat ion,  

81; total depth, 91 mete 

mperature, 48.4"C; bottom-hole depth, 90 met 
alue, 410 tW/m (9.8 MU). 2 

Ee t fma tad  

Well Name: TG-20 

0 .  

.93' I township d range, T.23S.R2E025.333; e levat ion,  

81; total depth, 91 mete 

mperature, 48.4"C; bottom-hole depth, 90 met 
alue, 410 tW/m (9.8 MU). 2 

Ee t fma tad  

418.9 2 16.; 

273.2 f 2.2 

240.2 f 1.0 

189.8 f 4.7 

coarse sand 

medium sand 

gravel and sand, 
minor c l ay  

I(* 

(W/F=Q 

1.4 

* J  

Heat Flow 

t # P  

* 
I 

587 14 

4 

383 9.2 + 303 7.2 

Remarks 

Dr i l l ing  rate wa8 mod- 
derate. Fornations 
a r e  aimi-conaolidated. 

Formations have a gra- 
dual  decreaae i n  gra in  
size with depth from 0 
t o  85 meters. 

1.6 

* Estimated thermal conductivity values. 

- 



b 

Well Name: 

82.2 f 3.3 

60.2 f 0.6 

TG-29 

gravel and sand 

1 a 4  

sand and c lay  

gravel and i l a y  . 1.5 

Location: l a t i t u d e ,  32" 16.93', longitude, 106O 41.20', township & range, T23S.R2E.25.241; e levat ion,  

1,317 meters; spudded, 9-7-81; temperature logged, 10-27-81; total depth, 67 meters; depth of 16 Inch 
PVC casing, 67 meters; bottom-hole temperature, 25.5OC; bottom-hole depth, 65 meters; bottom-hole 

temperature gradient,  85OC/km; 
2 

best  estimate heat flow value, 88 mW/m (2.1 HFU). 

8 4 ,  

- 
Depth 
(4 

Loss of d r i l l i n g  fluid! 
2.0 from 60 t o  70 meters, 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
67 - 

52.4 k 0.9 

Temperature 

c lay  and gravel 1.4 
: 

23.81 
21.99 
22.35 
22.83 
23.20 
23 . 51 
23.82 
24.10 
24.41 
24.67 
24 . 91  
25 . 22 
25.46 
25 . 55 

large gravel, minor 
sand, f ractured 

I Temperature 
Gradient 
("a 

1.6 

Lithology 

. I Heat Flow 

Remarks 

D r i l l t n g  rate was rnod- 
erate. Formations are 
sent-consolidated. 115 I 2.0 I 
Dri l l i ng  discontinued , 
a t  70 meters. Forma- 
t ion is f ractured rock 
and l a rge  gravel,  

* Estimated thermal conductivity values.  

. + 

I 

.I u 
0, 



5 
10 
15 
20 
25 
30 
34 
40 
45 
50 
55 - 

4 a c 

Well Name: TG-30 

* Estimated thermal conductivity values. 

a 



Well Name: -31 

Temperature 
Gradient 

* ("C) ' 

685.0 2 84.9 

371.4 2 8.4 

447.0 f 1.7 

334.9 * 25.0 

1 

Lithology 

sand and c lay  

limestone, hard 

meatone and calcite, 
f rac tured  

limestone, very hard 

i 

(m/m2,' 

s 

Location: l a t i t u d e ,  32' 17.54' , longitude, 106O 41-36', township & range, T23S.RZE.24.411; e levat ion,  

1,320 meters; spudded, 10-14-81; temperature logged, 11-24-81; total depth, 58 metere; depth of 14 inch 

PVC casing, 57 meters; bottotn-hole temperature, 47.7OC; bottom-hole depth, 55 rtietere; bottm-hole 

temperature gradient,  504"C/km; 2 best estimate hea t  flow value, 811 mW/m (19.4 HFU). 

(HW) 

- 
Depth 

(m) 

5 
10 
15 
20 
25 
30 
35 
40  
45 
50 
55 
57 - 

Temperature 
("a 

24 . 95 
27 . 17 
31 . 33 
34 . 02 
36.05 
37.76 
39.64 
41 . 86 
44 . 11 
46.12 
47.72 
48 . 08 

I I 7 

* Estimated thermal conductivity values. 

u. 9 

Remarks 
~~ ~ 

Dri l l ing  w a s  done with 
down-hole hammer and 
a i r  

Encountered a 3 inch 
f r a c t u r e  a t  58 meters, 
l o s t  c i r cu la t ion ,  and 
diecontinued d r i l l i n g .  

Formatione are frac-  
tured and hard. 



tempe 

Depth 
(m) 

5 
10 
15 
20 

45 
50 

Well Name: TG-32 

32' 17.93', longitude, 106' 42-02', townehip b range, T23S.R2B.23*222; t elevatfon,  

ded , 9-30-81; temperature logged, 11-12-81; total  depth, 52 meters; depth of 14 inch 
b o t t w r h o l e  depth, 50 metere; bottom-hole 

(14.8 HFU) . 2 
value, 619 mW/m 

24.05 
25.24 
27.78 
30.81 , 

Temperature 
Gradient 
("a 

002 20.1 

' L  

Lithology 

gravel and sand 

c l ay  and sand 

clay and cal&x 

limestone, minor clay, h w  

* Estimated thermal conductivity values. 

1.4 

1.3 

2.1 

. 
Estimated 1 
Reat 

748 

517 

584 

n down-hole hammer and 

meters contained quartz 
(?) c r y s t a l s  and limo- 
n i t e  indioat ing pro- 

le f r a c t u r e  zone. 

ncountered l a r g e  f rac-  
ure  a t  47 meters, 
r i l l e d  with no r e tu rn  

to  49. meters, encoun- 

nd discontinued 



Well Names TG-33 

. Location: l a t i t u d e ,  32O 18.45', longitude, 106O 41.55', township & range, T23S0R2E.13,322; e leva t ion ,  e 

1,317 meters; spudded, 9-24-81; temperature logged, 11-12-81; t o t a l  depth, 91 meters; depth of 14 inch 
PVC casing, 91 meters; bottom-hole temperature, 25.7OC; bottom-hole depth, 90 meters; bottom-hole 

tempera ture  gradient,  63OC/km; 
2 

best estimate hea t  flow value, 88 mV/m (2.1 HFU). 

Estimated 

Remarks 

Temperature 
Gradient Temperature 

( "C) 
Depth 
(m) 

K* 
(W/m-OK) 

1.4. 

Lithology 
~~ 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 

' 65 
70 
75 
80 
85 
90 
91 

22.56 
21.53 
21.71 
22.04 
22.33 
22.66 
22.95 
23.23 
23.50 
23 . 75 
23 . 98 
24.22 
24 . 48 
24 . 76 
25.00 
25.25 
25.46 
25.67 
25.71 

- 
2.1 

k i l l i n g  rate was slow 
from 50 meterrs t o  T.D. 
Vormation, is conso- 
l idated and hard,  

\o 
0 

gravel  

62.0 f 0.8 87 

85 - 
96 

gravel  and sadd, minoi 
c l ay  53.4 i: 1.0 1.6 2 .o - 

2.3 

- 
1.9 

- 

1 

I 50.7 f 0.8 rravel, minor sand, hard 

1.9 

79 41.9 f 0.1 gravel  and aand, hard 

* Estimated thermal conduct ivi ty  valuea. 



Depth 
(d 

5 
10 

7 

35 
40 
45 
47 - 

21.91 
22 . 16 
22.40 
22.61 
22.67 

48.6 2 0 . 5  

Litho logy 

gravel, minor clay;  hard 

* 

Well Name: TG-34 

Location: l a t i  longitude, 106" 40.80', township 6 range, T23S.R3E0 18.312; elevat ion,  

; temperature logged, 11-24-81; t o t a l  depth, 47 meters; depth of 1h inch 
o l e  temperature, 22.6%; bottom-hole depth, 45 meters; bottom-hole 

2 
he ,  67 mW/m (1.6 HFU). 

D r i l l i n g  rate was slow 
from 40 metere to T.D. 
Formation ie coneoli- 
dated and hard. 

vel, minor c lay ,  hard 

* Estimated thermal conductivity values. 

c lay  and gravel  

K 
(W/mi "K) 

1.8 



Well Name: TG-36 

Eat imated 
Heat Flow 

K* 
Lithology (w/~-oR) (nv/m2) (HFU) 

gravel, minor c l ay  

c lay  and gravel  1.4 67 

O 4  g ravel  and clay, hard 1.0 59 
~~~ ~~ ~ 

W 
h, 

Remarks 

D r i l l i n g  rate waa slow 
.,from 25 meters to  T.D. 

Formation is coneoli- 
dated and hard. 
Lost cone on b i t ,  
ceased d r i l l i n g  . 

Location: l a t i t u d e ,  32O 19.39' , longitude, 106. 41.09' , township 6 range, T23SoR2E.l2.243; e levat ion,  

1,353 meters; spudded, 10-28-81; temperature logged, 12-1-81; total depth, 36 metera; depth of 14 inch 
PVC casing,  35 meters; bottom-hole temperature, 21 . I%; bottom-hole depth, 35 metere; bottom-hole ' 

temperature gradient,  4g0C/km; best  estimate hea t  flow value, 63 mW/m 
2 (1.5 tTPU). - 

Dep t b  
(m) 

5 
10 
15 
20 
2s 
30 
35 - 

Temperature 
("a 

21 . 57 
20 . 87 
20.93 
21.19 
21 . 41 
2 1  . 58 
21.74 

,Temperature 
Gradient 

("C) 

48.0 f 2.3 

33.0 f 0.6 

* Estimated thermal conductivity valuee. 

Y * I 

* e 

08 bJ 

'* b 



lep t h  
(m) 

5 
10 
15 
20 
25 
30 
3 
4 
45 
SO 
55 
60 
65 
70 
75 
80 
85 
90 
91 

- 

- 

c m - 6  M 4 @ I  

I 

* * 

Well Name: TG-38 

longitude, 106" 40.39' , township & rangez T23S.R3E 6.233; elevation. 
logged, 11-24-81; t o t a l  ere; depth of 1b inch 

8 ,  23 . 6 'C; bot tm-hole d ts; bottom-hole 
2 

e, 71 mW/m (1.7 HFU). 

temperature 
Gradient 

22.80 
22.98 

23.37 
23.56 

23. ia  

23 57 

36.9 f 0.i 

Lithalogy 

ravel,  minor clay,  hard 

,ravel, minor sand, hard 

1.8' 

* 1.9 

* Estimated thermal conductivity values. 

Remarks 

l i n g  rate w a s  d 0 W e  

'ormations are consoli- 
lated and hard. 

k i l l i n g  f l u i d s  were 
Iradually being l o s t  
luring d r i l l i n g  (posaf- 
d y  due to  f rac tures )  

. 



I .  

Estimated 
Heat Flow 

(m/m2) (HJW 

Well Name: TG-40 

Remarks 

Dr i l l i ng  rate wae slow 
from 35 meters to T.D. 
Formation is conaoli- 

, 

Locat ion: l a t i t u d e ,  32' 19.75'. longitude, 106' 42.18', townehip & range, T23S.R2E.11.212; e levat ion,  

1,329 metera; spudded, 10-6-81; temperature logged, 11-24-81; total  depth, 68 metere; depth of 14 inch 

PVC casing,, 68 meters; bottom-hole temperature, 23.7'C; bottom-hole depth, 68 metere; bottom-hole 
temperature gradient,  54OC/kn; 

2 beat estimate heat  fluw value, 92 mV/m (2.2 WU). - 
Depth 
(m) 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
68 

- 
Temperature 
("0 

21 . 72 
20.62 
20.79 
21 . 12 
21.46 
21 . 78 
22.17 
22.46 
22.72 
22.97 
23 . 21 
23 -49 
23 . 70 
23.74 

Temperature 
Gradient 

Lithology 

gravel and c lay  

I 
68.4 f 1.3 I c lay  and gravel 

gravel, minor 
sand , hard I 48.8 f 1.5, 

I 

K* 
(W/m-"K) 

! 

1.4 

1.9 

* E s t i d t e d  thermal conductivity values. 

* 4 c 

8 . 
.i u 



Depth 
(d - 
5 
10 
15 
20 
25 
30 
35 

50 
55 
60 
65 
70 
75 
80 

31.40 

34.38 
35 20 
35.97 
36.73 
37 . 25 

Temperature 
Gradient 

06 f 7.3 

150.8 2 3.5 

a k c a *I b c. 0) 

8 4 . 

ell Name: -41 ' .  

O 42.86', township 6 range, T23S.R2E.ll.l33; elevation, 
ed, 11-13-81; total depth, 80 metere; depth of I& inch 
7.3"C; bottom-hole depth, 80 meters; bottom-hole 

2 
w value, 343 mW/m (8.2 ?'IFU). 

from 50 metera to TbD. 
clay, minor gravel 

sand 

0 

clay and gravel 

avel, minor sand, 
hard 

* Estimated thermal conductivity values. 

I€* 
(W /m- "a) 

1.4 

, 1.9 



Well Name: TG-42 

Location: l a t i t u d e ,  32O 18.76', longitude, 106O 42.42', township 61 range, T23S.It2E.14.213; elevat ion,  

1,298 meters; spudded, 9-22-81; temperatuqe logged, 11-12-81; total  depth, 91 meters8 depth of 1& inch 
PVC casing, 91 meters; bottom-hole temperature, 37.6.C; bottom-hole depth, 90 meters; bottom-hole 

temperature gradient , 196OC/km; 2 
best  estimate hea t  flow value, 297 mW/m (7.1 HFU) . - 

k p  t l  
(m) - 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
91 - 

Temperature 
("C) 

23 . 13 
23.40 
24.97 
26.45 
27.91 
29.44 
30.50 
31.15 
31.80 
32.40 
33.05 
33 . 69 
34 . 33 
34 94 

' 35.58 
36 . 28 
36 . 93 
37 . 58 
37 . 74 

remperature 
Gradient 

("C) 

300.4 f 2.1 

212 

128.7 f 0.5 

Lithology 

gravel  

gravel  and sand, 
minor c lay  

gravel, sand, and clay 

sand, minor g iave l  

gravel, minor sand, hard 

sand, minor gravel,  hard 

gravel  and sand, hard 

* Estimated thermal conductivity values. 

If 8 

K* 
(W/m-OK) 

1.4 

1.5 
1.6 

1.9 

Estimated 

421 

318 
206 

245 

10.1 

7.6 
4.9 

- - 
7 

5 09 

Remark8 

DrAlling rate was slow 
from 45 meters t o  T.D. 
Formations are cons61i- 
dated and hard, 



Location: lat i tud 
1,283 me 

'VC c a d  

tempera t - 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
91 - 

24.88 
26.70 
29 . 50 
31.47 
3 
3 
3 
4 

' 43.59 
45.57 
47.35 
48.80 
49 . 80 
50.68 
51 . 66 
52.69 
53.64 
53.71 

Well Name: TG-43 

ng tude, 1060 43.22' ,: township L range, T23S.R2E.15.441; elevation, 
perature logged, 11 2-81; tota l  depth, 91 meters; depth of I& inch 
emperature, 53.6OC; bottom-hole depth 90 meters; battom-hole 

2 
estimate heat flow value, 477 mW/m (11.4 .HFU). 

remperature 1 Gradient 

" 

322.9f  19.1 

191.2 f 2.2 

Remarks 

:rata. Formaticme are 

* Estimated thermal conductivity values. 



Well Name: TG-44 

Location: lat i tude ,  32" 19.36', longitude, 106. 43.44' ,  township 6 range, T238.It2E.10.233; elevation, 
1,304 meters; spudded, 10-1-81; temperature logged, 81-13-81; to ta l  depth, 91 meters; depth of 14 inch 
PVC casing, 89 meters; bottom-hole temperature, 38.7OC; bottom-hole depth, 85 meters; bottom-hole 

temperature gradient, 220°C/km; 2 best estimate heat flow value, 259 mW/m (6.2 HPU) 

* Estimated thermal conductivity values. 

'U * * 1 . 1 

I . 
e +I 

cn b 



4 I! # *a 4.  #I 

L a 

II 'a 

itude, 32' 19 6 ' ,  .longitude, 106. 43.95@, township 6 range, 
ud ed, 10-21-81; temperature logged, 11-24-81; total depth 91 meters; depth of 15 inch 

?VC casing, 90 m e t e  

temperature gradier 

Depth 
(m) 

5 
10 
13 

- 

30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 

22.97 
23 . 13 
23 -49 
23 . 61 
23.74 
23.86 
24 .OO 

23 35 

=; hole temperature, 24.0%; bottom-hole depth, 90 meters; bottom-hole 

, 44"CIkm; 2 best estimate heat flow value, 50 mW/m (1.2 HFU). 

1 1 1 

Dril l ing rate was mod- 
erate. Formations are 
eemi-tionsolidated. 

* Estimated thermal conductivity values. 



I L 

0 
0 

Well Name: TG-46 

Location: lat i tude,  32" 20.19', longitude, 106. 43.35', township 6 range, T23S.R2E.3.412; elevation, 
1,311 meters; spudded, 10-13-81; temperature logged, 11-24-81; total depth, 91 metere; depth of 14 inch 
PVC casing, 90 meters; bottom-hole temperature, 39.6.C; bottom-hole depth, 90 metere; bottom-hole 

temperature gradient, 218"C/km; 
2 

best estimate heat flow value, 276 mW/m (6.6 HFU). 

* Estimated thermal conductivity values. 

'll Y u 4 



b I .& b +) 4 

Well Name: Tc-47 

Location: lat i tude ,  32O 20.68', longitude, 106O 42.40' ,  township & range, T22S0R2E.35.433; e levation , 

Depth 
(4 

5 
10 
15 
20 
25 
30 
35 
40 
45 
49 

- 

- 

25-81; total depth, 49 meters;, depth of 14 h c h  
ottom-hote depth, 49 meters; bottom-hole 

2 eat flow value, 109 mW/m (2.6 tlFtl), 

clay, nrinor gravel ' 1.4 

1.6 

Eat imated 
tleat Flow 

132 7 

105 2.5 

Rentarb I 

Drilling rate WBB mod- 
erate. Formations are 
senri-consolidated . 



Well Name: TG-50 

w 
0 
h) 

Location: l a t i t u d e ,  32" 21.44' , longitude, 106" 42.33', township 6 range, T22S.R2E035.211; elevation, 
1,347 meters; spudded, 10-31-81; temperature logged, 11-25-81; totat  depth, 51 meters; depth of 14 inch 
PVC casing, 51 meters; bottom-hole temperature, 25.loC; bottom-hole depth, 50 meters; bottom-hole 

temperature gradient,  102"C/km; 
2 

best  estimate hea t  flow value, 150 mW/m (3.6 HFU). 

Depth 
(m) 

5 
10 
15 
20 

, 2 5  
30 
35 
40 
45 
50 
51 - 

Temperature 
( "C) 

22.07 . 
21 . 17 
21.51 
22.04 
22 . 57 
23.07 
23 . 60 
24.10 
24.62 
25 . 11 
25.18 

Temperature 
Gradient 

("C) . 

102.3 f 0.6 

Lithology 

gravel and clay 

c lay  and gravel 

gravel and c lay  
c l ay  and gravel 

gravel, minor c lay  

I Estimated 
Heat Flow 

2 K* 
(W/m-OK) ( m / m  ) (HFU 

I 
1.5 154 3.7 
1.4 143 3.4 

1.5 154 3.7 

Remarks 

Drilling rate w a s  mod- 
erate. Formations are 
seni-consolidated.- 

* Estimated thermal conductivity values. 

'W # ' Y  



4 .  .) # *) 4 8 )  

b I 

Dri l l ing rate was-mod- 
erate. Formatione are 
serni-coneolfdated. 

sand, minor clay 

. gravel, minor clay 

* Estimated thermal conductivity values. 



Well Name: TG-52 

I 

Location: lat i tude ,  32" 20.85', longitude, 106' 44.51*, township & range, T22S.RZE.33.342; elevation, 
1,311 meters; spudded, 10-26-81; temperature logged, 11-25-81; total depth, 91 netere; depth of 14 inch 
PVC casing, 91 meters; bottom-hole temperature, 27.4%; bottom-hole depth, 90 meters; bottom-hole 

temperature gradient, 82OC/km; 2 beat estimate heat flow value, 96 mW/m (2.3 HFU). 

* Estimated thermal conductivity values. 
0 4 

h U '* 4 

U 

* 
ru b 



ell Name: TG-53 

longitude, 106. 44.74', township 61 range, TZZS.RZE.28.334; elevation, 
25-81; total depth, 91 meters; depth of 14 inch 

97 

73 

58 

$0 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 

. 85 
90 - 

1*7 

1,4 

24 . 18 
24.35 
24 -48 

24 . 76 24 064 

Temperature 
Gradient 

("C) 

69.6 2 1.5 

52.0 f 1-2 

29.8 f 0.3 

medium sand and clay 

clay and fine sand 

medium sand and clay 

clay 

clay and fine sand, 
minor gravel 

s 

$04 

1*3 

1.4 

5 depth, 90 meters; bottom-hole 
$n2 (1.4 HFU), 

42 I 1.0 

39 1 0.9 

I 

Remarks 

Drilling rate waft mod- 
erate. Formations-are 
semi-consolidated. 



Well Name: TG-54 

Location: l a t i t u d e ,  32' 21.56', longitude, 106' 43.82', township 8 range, T22S0R2B.27.334; elevat m, 

1,298 meters; spudded, 10-31-81; temperature logged, 11-25-81; total  depth, 92 meters; depth of 14 inch 

PVC casing, 92 meters; bottom-hole temperature, 51.2%; bottom-hole depth, 90 metere; bottom-hole 

temperature gradient,  347"C/kn; 
2 

best  estimate hea t  flow value, 435 mW/m (10.4 HFU). 

- 

Depth 
(m) - 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
92 - 

E s t  ima t ed 
Heat Flow Temperature 

Gradient 
("a 

Temperature 
I ("a 

K* 
(W/m-"K) 

.. 
Remark8 Li tholegy 

gravel 19.59 
23.82 
25 . 44 
27.14 
29 . 06 
30.77 
32.53 
34 . 53 
36.47 
38 . 40 
40.27 
42.00 
43.80 
46.06 
47 . 57 
48.92 
50.25 
51.21 
51.38 

Dr i l l ing  rate was mod- 
erate. Formations are 
eerni-consolidated. 

351.2 f 3.8 gravel and sand 11.8 492 

1.4 

, 

379.8 f 4.0 532 eand 

445 10.6 278.4 + 6.0 sand and gravel 

. 
.J 

1.6 
~ 

gravel,  minor sand 267 6.4 ~ 

1 

* Estimated thermal conductivity values. U 

Y N 



I 

a 

elevation 

ternpei 
'VC casing,, 511 m e i  

ture gradiei 

De 
h) 

10 
15 
20 
.25 
30 
35 
40 
4s 
'50 
51 - 

Temperature 
' ("C) 

20-79 

21.91 
22.25 
22.55 
22.87 
23.19 
23.25 

Dril l ing rate was mod- 
erate. Formatione are 
semi-consolidated. 



I 

I 

21.50 I 
21 . 84 
22 . 85. 
24 -03 
25.29 
26.96 
28.04 
29.04 
30.13 
31.06 
31.91 
32.72 
33.48 
34.24 
34.97 
35.72 
36.32 
36.51 

Well Name:' TG-57 

Temperature 
Gradient 

("a 

271.82 16.2 

Location: latitude, 32' 22-88'', longitude, 106. 43.13', townehip 6 range, TZZS.R2E.22.244; elevation, 

1,336 meters; spudded, 11-2-81; temperature logged, 11-30-81; total depth, 91 meters; depth of 1b inch 
PVC casing, 88 metere; bottom-hole temperature, 36.5.C; bottom-hole depth, 88 meters; bottom-hole 

temperature gradient, 188OC/km; best eetimate heat. flow value, 268 mW/m 
2 (6.4 BFU) . 

K* 
Lithology (W /m-OK) 

clay and gravel 1.4 

- 
Dep tl 
(m) 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
88 

- 

- 

381 

273 

267 

228 

181 

Temperature 
("a 

9.1 

6.5 

6 .4 

5.5 

4.3 

178.0 f 4.6 

clay and gravel, hard 
151.8 f 1.2 

1.5 

I 210.2 f 2.4 clay I I 1.3 

I 1.8 gravel and clay, hard 
and fractured 100.83 15.01 

* Estimated thermal conductivity values. 
d '* * ' b  '(I 

Remark6 

Drilling rate was slow 
10 meters to T.D. For- 
nations are hard and 
Eractured. 

Lost circulation at 37 
aeters. Drilled from 
37 meters to T.D. with 
sir . 



- 
Depth 
(m) 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 

- 

- 

Remarks 

4 

Well Name: To-58 

2E. 21.23t; elevation,  
ters; depth of 1& inch 

ture, 23.7%; bottom-hole depth, 65 meters; bottorn-hole 
2 te heat f l o w  value, 105 mW/m (2.5 HFU). 

clay and fine Band, 
minor gravel 

k i l l i n g  rate WBB mod- 
!rate. Formations are 
Bemi-consolfdated. 

Ibattuction or cave-in 
it 65 metere. 

* Estimated thermal conductivfty walues. 



Well Name: TG-62 

Location: l a t i t u d e ,  23O 13.59', longitude, 106. 40.85', townehip d range, T24S.R3E,18.112; elevation, 
1,280 meters; spudded, 10-9-81; temperature logged, 11-13-81; total depth, 91 meters8 depth of 15 inch 
PVC casing, 91 meters; bottom-hole temperature, 35.1%; bottom-hole depth, 90 metere; bottom-hole 

temperature gradient, 168OC/km; best estimate heat flow value, 217 mW/m (5.2 HFU).  2 

* Estimated thermal conductivity values. 

Y d d I (4  II 



bep th 
(m) 

5 
10 
15 
-20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
91 - 

temperature logged, 11-13-81; t o t a l  depth, 91 meterst depth of IS, inch 

epth, 90 meters; bottom-hole 

Eat imated 

Pemperature 
("a 

22.69 
22 -08 
23.39 
25.13 
26 . 61 
27.93 
28 . 98 
30.06 
31.12 
32.11 
33.01 
34.01 
35 . 06 
36 . 23 
37.35 
38.41 
39.68 
40 . 84 
40.96 

Gradient 

298.4 +, 8.0 

213.0 f 0.8 

195.6 f 2.9 

228.8 f 2.3 

Lithology I 

~ 

gravel and sbnd 

coarse sand and gravel 

coarae sand 

, 1.4 

1.5 

. 1.4 

Heat - 

- 
418 

320 - 
293 - 
320 

Remarke 

t r i l l i ng  rate wae fast. 
'ormations are uncon- 
lolidated. 

'onnations have a gra- 
lual decrease i n  grain 
iize with depth. 

7.7 

* Estimated thermal' conductivity values. 

- P 



Well Name: TG-64 

Temperature 
Gradient 

("C) 

244.2 f 3.7 

% 
3 

Location: l a t i t u d e ,  32" 14.84', longitude, l06* 40.44', township & range, T24S.R3Em6.413; e levat ion,  
1,289,meters; spudded, 10-5-81; temperature logged, 11-13-81; total  depth, 92 metere; depth of l&.inch 
PVC casing, 92 meters; bottom-hole temperature, 39.7%; bottom-hole depth, 90 metere; bottom-hole 

temperature gradient,  219OC/km; 2 best  estimate heat flow value, 280 mW/m (6.7 HFU). 
s 

Litho logy 

gravel  

- 

Depth 
(m) - 

5 
10 
15 
20 
25 
30 
35 
40 
45 

* 5Q 
55 
60 
65 
70 
75 
80 
85 
90 
92 - 

(nw/m2) 

342 

301 

251 

Temperature 
("C) 

23 . 65 
23 . 32 
24 . 65 
25.83 
27.08 , 

28.21 
29 . 18 
30.19 
31 . 22 
32.11 
33.01 
34 . 03 
35.09 
36.05 
36 . 96 
37 . 96 
38 . 85 
39.71 
39 . 99 

(HFU: 

8.2 

7.2 

6 .O 

200.8 2 1.9 sand and grpvel 

coarse sand 

medium sand 
197.1 f 2.3 

170.4 f 3.9 f i n e  sand 

* Estimated thermal conductivity values. 
tl Y 'f . 4 

1.4 

1.5 

1.4 

Estimated 
Heat Flow 

I 
276 I 6.6 

239 I 5.7 

Remark8 
~ 

Drill ing rate wae fast. 
Formations are conso- 
l ida ted  . 
Formations have a gra- 
dual decreaee in gra in  
e ize  with depth. 

* . 
I' .I 

'I V 



Depth 
on) 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
.75 
80 
85 
90 
91 

- 

Well Name: TG-65 

longitude, 106. 41.20' , township 61 range, T24S.R2E. 12.223; elevat ion,  
rs; depth of 1111 inch 
B; bottom-hole 

2 

Es t ima ted  

l u e ,  251 mW/m (6.0 HPU). 

24.11 

27.69 

30.95 
31.77 . 
32 56 
33.31. 
34.14 
34.92 
35 . 75 
36 . 44 
37.10 
37 . 23 

Cempera t u r e  
Gradient 

236.0 f 1.2 

158.4 f 0.7 

134.4 f 1.1 

Lithology 

gravel and Band 

sand and gravel  

gravel and eand 

medium sand 

f i n e  sand 

K* 
(W /m-"K) 

1.4 

1.5 

1.4 

* Estimated thermal conductivity values. 

330 - 
261 

222 

la8 4.5 

) r i l l l n g  rate was f a s t .  
?omations are uncon- 
solidated 

?omations have a gra- 
iua l  decrease i n  gra in  
s ize  with depth. 

b 

a 



Well Name: TG-66 

Location: l a t i t u d e ,  32O 13-29', longitude, 106' 41.84', township & range, T24S.R2E.13.134; elevation, 
1,225 meters; spudded, 10-20-81; temperature logged, 11-17-81; total  depth, 91. meters; depth of 15 inch '  
PVC casing, 91 meters; bottom-hole temperature, 27.9'C; bottom-hole depth, 90 meters; bottom-hole 

temperature gradient,  88OC/krn; 
2 best  estimate heat flow value,  113 mW/m (2.7 HE'U). - 

Dep tl 
(m) 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
91 

- 

- 

Estimated 
Temperature 
Gradient 
("a 

K* 
(W /m- ' K) 

Temperature 
("C) Lithology Remarks 

3r i l l ing rate wae fast. 
Formations are uncon- 
solidated. 

23.07 a 

22 002 
22 -60 
23 39 
24.10 
24.67 
25 . 12 
25.53 
25.90 
26.24 
26.54 
26 . 76 
26.95 
27.14 
27.30 
27.49 
27.67 
27.85 
27..91 

1.4 gravel 
136;O f 4.3 190 

123 

96 

52 

Formatione have a gra- 
i ua l  decrease i n  gra in  
s ize  with depth. 

~~ 

gravel and gand 82.0 f 2.5 
1.5 

64.0 f 2.3 2.3 - 

1.2 

7 

sand and gravel 

1.4 37.1 f 0..4 medium aand 

b 

U 

11 II 

. 
in 1 

Jt Estimated thermal conductivity values. 
* 1. * ' q  b 



Well Name: TG-67 

Location: l a t i t ude ,  15.29', longitude, 106* 41.73', township & range, T24S.R2E.E.114; e levat ion,  
1,274 meters; spudded, 10-6-81; temperature logged, 11-13-81; total depth, 92 meters; depth of 15 inch 

ole temperature, 46. L 'C; bottom-hole depth, 90 meters; bottom-hole 
2 

Clkm; best estimate heat  flow value, 368 mW/m (8.8 HFU). 
i 

Depth 
(m) 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
s5 
60 
65 
70 
75 
80 
85 
90 
92 

- 

- 

Temperature 
("a 

24.50 
24.92 
26 . 67 
28.45 
29.95 

i 31.34 
32 . 59 
33.84 

36.36 
37 . 70 
39.12 
40 . 55 
41 . 71 
42.98 
44.07 
45.06 
46.13 
46.40 

35.12 

Temperature 
Gradient 

322.42 10.1 

251.4 2 O e 6  

279.8 ?: 3.0 

242.9 f 6.4 

203.3 f 4.5 

Lithology 

sand and gravel 

coarse sand, Ginor 
gravel 

medium sand 

f i n e  sand 

. .  
very f i n e  sand 

* Estimated thermal conductxvity values. 

K* 
(W/m-OK) 

1.4 

1.5 

1.4 

451 

377 

392 

340 

. .  
285 

tted 
Flow - 
(HFU: - 

10.8 

9.0 

- 
9.4 

8.1 
- 
- 

6.8 

- 

Remarks 

Drilling rate w a s  f a s t .  
Formations are uncon- 
sol idated to  semi- 
consolidated. 

Formations have a gra- 
dual decrease i n  grain 
s i z e  with depth. 
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TEMPERATURE (C') 
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TEMPERATURE (C) 
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TEMPERATURE (C') 

tc-44 

__I 

TEMPERATURE (C) 

n 
f 

S + 
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0 

U 

a 
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w 
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TEMPERATURE (C.1 

TEMPERATURE (VI 
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TG-58 

,I 
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TEMPERATURE (C.1 

cmm 
TEMPERATURE (C') 

I c 

TG-66 

, 

. . .  
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Note: 

'Appendix B 

c Cross Sections for the Area Surrounding 
Torrugas mountain 

Locations of the profi le  l ines  are given in Figure 19. 
re s i s t iv i ty  data are given i n  units of ohm-meters. 

The 
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Appendix C 

Ldthologic Logs, Temperature-Depth Curves, and 
Water Analyses for 

Chaffee Geothermal Wells 35-25 and 12-24 

Cross Section through the Las Cruces East Xesa Geothermal Field 

. L. 
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Table C-1. Lithologic log f o r  Well 35-25. 

Elevation: 4,277 f e e t  Date d r i l l ed :  11/13/81 - 12/3/81 
Location: T23S R2E 25 NWk ST?% Method: air/foam . Geologists: Dorcas Kircher and Jim Gross 

Depth 
( f t )  Description 

* 

0 t o .  560 alluvium 

0 t o  15 missing 

15 to  125 sub-angular t o  sub-rounded volcanic rock fragments and 

conglomerate rock f r  
brown with varying c 

sub-angular t o  sub-rounded 
granular t o  pebbles 
various color volc 
conglomerate rock fragments . 
granular t o  pebbles; 260 t o  275 f t ,  l a rge  pebbles 

carbonate coating 
brownish-gray 

290 t o  365 sub-angular volcanic ck fragments 
granular t o  pebbles 
brownish-gray 

sub-angular t o  sub-rounded volcanic rock fragments 
granular t o  pebbles 
brownish-gray 

dolomite - bedrock 

t r ans i t i on  t o  bedrock 
sub-angular to 

associated f ines  
* nular  t o  pebbles 

125 t o  245 

- * 
. . .  

245 t o  290 
L sub-rounded to  rounded volcanic rock fragments 

365 to 560 

560 t o  755 

ub-angular t o  sub-rounded 

granular, few pebbles 



Table C-1. (continued) . 

Depth 
( f t )  Description 

590 to 620 sub-angular 
brownish-gray dolomite and associated f ines  
granular, f e w  pebbles 

medium gray dolomite 
granular, few pebbles 
sub-angular 

620 to 635 

635 to 740 missing, l o s t  circulation drilling 

740 to 755 l i ght  gray dolomite 
sub-angular 
granular, few pebbles 

. .  

755 to 950 missing, 10s t circulation dr i l l ing  4 

. . .  

138 
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* b l  

50 

250 

TEMPERATURE ("C) 

Figure C-1. Temperature-depth curve for Well 35-25. The data were 
collected on November 21, 1981, two hours after circu- 
lation had been stopped. 



Table C-2. Water analysis for Well 35-25. 

Sampling technique: Three 2 5 0 4  samples, hole depth of 645 feet, pH 7.0 

' Sample 1: filtered, acidified to pH - 2.0 (cations) 

- Sample 3: filtered, 1:lO dilution (silica geothermeter) 
Sample 2: filtered, raw (anions) 

Silica geotemperature = 22S°F 
. *  

t 

chemical analysis: 

C1 C03 HC03 SO4 
I_ 

E.C. TDS Na Ca M g K  
pa mhos/cm mg/L 
8.05 2,580 1,626 397.5 129.2 31.2 54.7 496.3 0 394.2 300.0 

A s  Ba Cd Cr Pb & Se Ag Fe Mn Cu 
e--- mg/L 

0.014 0.4 0.005 0.05 0.005 0.0002 0.002 0.05 0.22 O-.lO 0.10 = ... 
B NE4-N N03-N N02-N F Si02 

0.36 1.00 1.89 - W.01 2.16 56.5 
mg/L- -- . 

140 



Table C-3. Lithologic log f o r  Well 12-24. 

- 
Elevation: 4,290 f e e t  Date drs l led:  1 2 / 3 / 8 1  - 1 / 2 1 / 8 2  
Location: T23S R2E 24 SW% LWk NWk Method: air/foam . Geologists: Dorcas K i r  er and J im Gross 

Depth 
(ft) Description 

0 to  425 alluvium 

0 t o  15 sub-rounded volcanic rock fragments * .  

i granular t o  pebbles 

& granular to pebbles 
15 t o  110 sub-angular 

mostly brown, volcanic rock f r  ts and associated 
f ines  f '  

sub-angular t o  sub-rounded 
granular t o  pebbles 
various color volcanic rock fragments 

110 t o  155 

- . . .  155 t o  215 sub-angular; pebbles 
decreasing fragment size with depth 

brownish-gray volcanic rock 
8 t h i n  carbonate coating 

215 t o  275 brown 
associated f ines  

sub-angular t o  sub-rounded 
granular t o  pebbles 

sub-rounded; carbonate coating 
granular t o  pebbles 
la rge  fragments between 305 t 

275 t o  350 grayish-brown rock fragments and assoc f i n e s  

350 t o  425 * brown t o  reddish-brown volcanic rock 
increasing fragment s i z e  wi th  depth 
granular t o  pebbles 
angular 

m - lo * 

c. 



Table C-3. (continued). ' .  
Depth 
(ft) Description 

f 

. 48s to 57s 

575 t o  770 

57s t o  59s 

595 t o  665 

665 t o  770 

700 t o  1,245 

770 t o  785 

785 t o  830 

830 t o  890 

890 to  905 

905 t o  980 

980 t o  995 

995 t o  1,010 

limestone - bedrock 
granular with a few p la ty  pebbles 
l i g h t  gray; 530 t o  545 f t ,  evidence of p y r i t e  
top 15 f t  wlth volcanic rock fragments 
sub-angular t o  sub-rounded 

shale  

missing, l o s t  c i rcu la t ion  d r i l l i n g  

granular t o  pebbles, p la ty  . .  
gray shale fragments 
sub-rounded 

granular t o  pebbles, platy 
blackish-gray shale  fragments 
sub-angular t o  sub-rounded 
very s o f t  
695 t o  740 f t ,  evidence of p y r i t e  

dolomite 

missing, l o s t  c i rcu la t ion  d r ~ l i n g  

granular t o  pebbles 
sub-angular fine-grained 
brownish-gray to  gray dolomite 

granular t o  pebbles 
sub-angular 
gray fine-grained dolomite 
evidence of p y r i t e  

r 

* '  

granular t o  pebbles 
gray and reddish-brown volcanic and fine-grained 

angular 

missing, l o s t  c i rcu la t ion  d r i l l i n g  

pebbles 
l i g h t  gray c rys t a l l i ne  dolomite tr 

sub-angular to  angular 

missing, lost c i rcu la t ion  d r i l l i n g  

dolomite rock fragments 
. 
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Table C-3. (continued) . 
Depth 
( f t )  Description 

granular to pebbles, platy 

sub- angular 

granular, few platy pebbles 

sub-angular 

missing, lost  circulation drilling 

. 
1,010 to 1,055 

3 . light gray crystalline dolomite 
.- . 

1,055 t o  1,070 
stalline dolomite 

1,070 to 1,100 



Table C-4. Water analysis for Well 12-24. 

Sampling technique: Three 2 5 0 d  samples, hole depth of 1,315 feet 

Sample 1: filtered, acidified t o  pH = 2.0 (cations) 
Sample 2: filtered, raw (anions) 
Sample 3: filtered, 1:4 dilution (silica geothenneter) 

Silica geotemperature = 217'F 

Chemical analysis: 
. .  

C 1  C03 HC03 SO4 -- E.C. TDS Na Ca M g K  
mg/L . pH mhos/cm --- 

7.57 3,000 1,968 392.4 107.4 28.0 58.3 499.2 0 448.7 220.8 

A s  Ba Cd Cr Pb Hg Se Ag Fe - mg/L 
0.003 0.4 0.005 0.05 0.005 0.0002 0.002 0.05 0.13 0.12 

-8s CaCO -- 
cu B NE4-N N03-N N02-N F S i 0 2  Hardness Adalinity ---- -g/L 
0.10 0.18 0.30 0.07 0.01 2.20 50.9 383 356 

3 
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c 

TEMPERATURE (OF) 

- -  ao 110 130 140 

* - 

* 

0 
0 

0 
0 

0 

- 
c 

FLUID LEVEL - 4s' ** 
* 

- - 
... 

* 

* . The data were 

n 1,315 feet. 
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c - 
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Appendix D 

Temperature Data €or the Mesquite-Anthony Area . 



Locatam: la 

Well Name: TG-68 

levation, 1,274 
meters; spudded, 7-23-82; temperature logged, 11-1-82 (10:30 am); total depth, 95 meters; depth of 14 inch 
PVC casing, 95 meters; bottom-hole temperature, 34.1OC; bottom-hole A depth, 95 meters; bottom-hole temperature 

ade , 106O 38.88 ' township & range, T24S .R3E. 33.113 ude, 32" 10.86', longi 

gradient, 149*C/km; best estimate heat flow value, 184 mW/mL (4.4 HFU).  

- 

Depth 
(m) 

Es t ima t ed 
Heat Flow 

Temperature 
("C) 

Temperature 
Gradient 
("a 

K* 
(W/m-OK) Remark6 Lithology 

gravel and sand 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
15 
20 
25 
30 
35 
40 
45 
50 - 

22.06 
23 55 
24.28 
24.36 
23.72 
23.24 
23.05 
23.11 
23.18 
23.36 
24.22 
24.92 
25.63 
26.28 
27.19 
27 76 
28.49 
29.01 

1.4 
* 

1.5 217 

--173 - 
161 

144.8 2 5.2 sand, gravel, and clay 

115.2 f 0.8 sand and clay 

* Estimated thermal conductivity values. 
- 

4 4 4 " 



Depth 
(m) 

55 
60 
65 
70 ’ 

75 
80 
85 
90 
95 

- 
Temperature 

Gradient 

115.2 f 0.8 

Lithology Rema r ks 



Well Name: TG-69 

Location: latitude, 32' 10.87', longi--tde, 106' 37.62', township & r 

_ _  - 

, T24S0R3E.34.123 elevation, 1,282 

i 

meters; spudded, 7-28-82; temperature logged, 10-5-82 (1110 pm); total depth, 95 meters; depth of 14 inch 
PVC casing, 95 meters; bottom-hole temperature, 27.9"C; bottom-hole depth, 95 meters; bottom-hole temperature 
gradient, 83'C/km; best estimate heat flow value, 124 mW/m 

2 (3.0 HFU). 

Depth 
(m) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
15 
20 
25 
30 1 

35 
40 
45 
50 

remperature 
("a 

23.15 
23.43 
23 .OO 
22 .oo 
21.04 
20.55 
20.39 
20.40 
20.49 
20.63 
21 * 22 
21.73 
22.15 
22.63 
23.00 
23.53 
23.93 
24.32 

Temperature 
Gradient 
("a 

89.0 f 2.5 

80.9 f 0.5 

Lithology 

gravel and sand 

. 

sand, gravel, and clay 

sand and clay 

*,Estimated thermal conductivity values. 

K* 
(W /m- OK) 
~- ~ 

1.4 

1.5 

1.4 

Eat imated 
Heat Flow 

134 

125 

* 113 

Remarks 

Clay and caliche en- 
countered from 0 to 
3 meters. 

4 r )  4 

e . 
* *. 

b 'n 



t r  3 

TG-69 (Con't.) 

E s t  ina ted 
Heat Flow Temperature 

K* 
(W/m- "IC) 

Temperature Gradient 
("C) 

Depth 
(m) 

55 
60 
65 
70 

- Lithology Remarks 

24.76 
25.14 
25.57 

26.39 
26.76. 

26.02. 
1.4 113 2.71 

85 
90 
95 

27.18 
4 27.61 
' 27.93 

conductivity~values. . 
i 



10.25', longitude, 106O 38.45'. toma-ip 6 range, T24S.R3Ee33.344; elevation, 1,268 

Well Name: TG-70 

Location: latitude, 32 
meters; spudded, 7-26-82; temperature logged, 10-25-82 (lt00 pm); total depth, 43.8 meters; depth of 15 inch 
PVC casing, 43.8 meters; bottom-hole temperature, 26.9OC; bottom-hole depth, 43.8 meters; bottom-hole temperature 

gradient, 158OClkm; best estimate heat flow value, 172 mW/m 
2 (4.1 HFU). 

~~ 

Lithology 

Estimated 
Temperature 
Gradient 
("0 

K* 
(W /m-" IC) 

Depth 
(m) 

Temperature 
("C) Remarks 

- 
4.26 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
15 
20 
25 
30 
35 
40 

03.8 

23.62 
24.26 
24.60 
24.34 
23.36 
22.82 
22.64 
22.71 
22.80 
22.89 
23.45 
24.09 
24 . 77 
25.52 
26.08 
26.56 
26 . 90 

gravel and eand 1.4 

1.5 sand, gravel, and clay 178 

166 3.97 118.6 f 5.8 sand and clay 1.4 

* Estimated thermal conductivity values. 

4 J c 1 



L I 

.- 
Well Names TC-71 

gravel and sand 

send and clay 

I * Estimated, thermal conductivity values. 

I 



Well Name:. TG-72 

Location: latitude, 32" 09.42', longitude, l06O 38.80', township & range, T25S.R3E14.333; elevation, 1,225 
meters; spudded, 7-26-82; temperature logged, 10-5-82 (11:45 am); total depth. 40 meters; depth of 1% inch 
PVC casing, 40 meters; bottom-hole temperature. 27.1°C; bottom-hole depth, 40 meters; bottom-hole temperature 
gradient, 177'C/km; best estimate heat flow value, 223 mW/m 2 (5.3 HFU). 

Depth 
(m) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
15 
20 
25 
30 
35 
40 

- 
Pemperature 

("C) 

25.23 
25.82 
25.90 
24.77 
23.64 
23.01 
22.61 
22.58 
22.61 
22.69 
23.42 
24.03 
24.72 
25.55 
26.31 
27.08 

Temperature 
Gradient 

("C) * 

153.8 f 2.2 

Lithology 

gravel and. sand 
b 

sand and gravel 

sand and clay 

K* 
(W/m- OK) 

1.4 

1.4 

. 

Estii 
Heat 

215 

k Estimated thermal conductivity values. 

. 1 

ted 
low 

- 
5.52 

Remarks 

Clay with sand en- 
countered from 3 to 
6 meters. 

5.15 



meters; spudded, 7- 
?VC casing, 45 mete 

Depth 
(m) - 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
15 
20 
25 
30 
35 
40 
45 - 

25.52 
25.99 

5.35 
3.47 

22.64 
22 . 15 
22.06 
22 . 10 
22.20 
22.28 
22 . 74 
23.37 
23.86 
24 . 26 
24.69 
25.04 
25.37 

c, I rr 

Well Name: TG-73 

longitude, 106O .82', township br range, T25SeR3E.3.333; elevation, 1,269 
; temperature logged, 10-4-82 (4:OO pm); total depth, 45 metera; depth of 18 inch 

3; bottom-hole temperature, 25.4OC; bott 
2 lest estimate heat flow value, 116 mW/m 

kmpera ture 
Gradient 
("a 

79.8 f 2.7 

Lithology 

gravel, sand, and clay 

. *  ' 

nd, clay, and gravel 

-~ ~ 

clay and sand 

whole depth, 45 meters; bottom-hole temperature 
(2.8 HFU). 

K* 
(W /m- " K) 

1.5 

1.5' 

1.4 

conductivity values. * Estimated thermal 

Est hated 
- Beat Flow 

120 

112 

Remarks 



Well Name: TG-74 

Location: latitude, 32O 09.41', longitude, 106' 37.02', township & range T25S0R3E.3.444; elevation, 1,279 
meters; spudded, 7-27-82; temperature logged, 10-4-82 (4:30 pm); total depth, 45 meters; depth of 1% inch 
PVC casing, 45 meters; bottom-hole temperature, 23.4OC; bottom-hole depth, 45 meters; bottom-hole temperature 
gradient, 76OC/km; beat estimate heat flow value, 120 mW/m 2 (2.9 HFU). 

* Estimated thermal conductivity values. 

. J 



* Estimated thermal conductivity values. 



1 

I 

Well Mame: TG-76 

lemperature 
("C) 

Location: 
meters; spudded, 7-29-82; temperature logged, 10-5-82 (2:OS pm); total depth, 45 meters; depth of 111 inch 
PVC casing, 45 meters; bottom-hole temperature, 24.9OC; bottom-hole depth, 45 meters; bottom-hole temperature 
gradient, 108OC/km; best estimate heat flow value, 117 mW/m 

latitude, 32' 08.76', longitude, lO6O 37.45'8 township 61 range, T25S.R3E.10.324; elevation, 1,276 

2 (2.8 HPU). 

Temperature 
Gradient 

("C) 

- 
)ep th 
(m) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
15 
20 
25 
30 
35 
40 
45 

- 

- 

~~~~ 

25.37 
25.60 
24.60 
23.24 
22.22 
21.72 
21 55 
21.58 
21.67 

I 21.81 
22.30 
22.81 
23.33 
23.71 
24.19 
24 . 58 
24.88 

83.3 f 3.2 t 

Lithology 

.. 
sand and $ravel 

sand and clay 

* Estimated thermal conductivity values. 

K* 
(W/m- OK) 

1.5 

1.4 

Estimated 
Heat Flow 

117 

~~ 

Remarks 

. . 
.*) ., 

I 3 a 5 



- 
Depth 
(m) - 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
15 
20 
25 
30 
35 
40 
45 - 

Temperature 

22.24 
22.31 
22.45 
22.55 
23 . 28 
24.13 
24.61 
25.07 
25.45 
25.80 
26.18 

Cemperature 
Gradient 

( "C) 

81.1 f 2.6 

Lithology 
~~ 

sand, clay, and gravel 

b 

clay and sand 

K* 
(W/m-OK) 

1.5 

1.4 

Estimated 

Remarks 



i 

I 

Well Name: TG-78 
I 

Location: latitude, 32" 08.08', longitude, 106O 37.16', township & range, T25S.R3E.15.243; elevation, 1,257 
meters; spudded, 7-30-82; temperature logged, 10-5-82 (3:lO pm); total depth, 45 meters; depth of 1% inch 
PVC casing, 45 meters; bottom-hole temperature, 25.0°C; bottom-hole depth, 45 meters; bottom-hole temperature 

gradient, llO°C/km; best estimate heat flow value, 116 mW/m 2 (2.8 HFU). 

* Estimated thermal conductivity values. 



Well Name: TG-79 

meters; bottom-hole temperature, 23.3'C; bottoin-hole depth, 45 meters; bottom-hole temperature 
stimate heat flo 

w 

v 
a\ 

sand and clay 

* Estimated thermal conductivity values. 



Location: latitude, 32' 07.35 

Well Name: TG-80 

longitude, 106' 36.75', townshap 6 range, T2 ,R3E023.1 
meters; spudded, 8-2-82; temperature logged, 10-6-82 (lot45 am)i total depth, 45 metere; 

2; e-evation, 1,247 
depth of 15 inch 

PVC casing, 45 meters; bottom-hole temperature, 25.4OC; bottom-hole depth, 45 meters; bottom-hole temperature 
a 

gradient, 119OC/km; best estimate heat flow value, 122 mW/m' (2.9 HFU). 

Depth 
(m) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
15 
20 
25 
30 
35 
40 
45 

Temperature 
("a 

24.37 
24.98 
24.55 
23.36 
22.28 
21.78 
21.66 
21.67 
21.75 
21.90 
22.54 
23.20 
23.67 
24.16 
24.56 
25.02 
25.37 

~~ ~~ 

Temperature 
Gradient 
("a 

87.4 f: 2.1 

Lithology 

-4 

sand and ;lay 

clay and sand 

* Estimated thermal conductivity values. 

1.4 

1.4 

Estimated 
Heat Flow 

122 

Remarks 

a P . 
. I 

m *, 
L i, 



M i d 3 , 0% # 

I 1 

b 4 

Well Name: TG-81' 

tude, 106' 36.00'. township & range, 25S0R3E.23.242; elevation, 1,265 
logged, 10-6-82 (12:30 pm); total depth, 45 meters; depth of 14 inch 
erature, 24.9OC; bottom-hole depth, 45 meters; bottom-hole temperature 

2 value, 104 mW/m (2.5 HFU) . 

c. cn 
w 

Depth 
(4 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
15 
20 
25 
30 
35 
40 
45 

Temperature 
("0 

24.48 
24 -97 
24.48 
23.13 

' 22.13 
21.58 
21.47 
21.52 
21.64 
1.88 
2.49 
23.04 
23.44 
23.01 
24.19 
24.55 
24.89 

Temperature 
Gradient 

("C) 

74.0 4 0.9 

Litho logy 

sand, gravel, and clay 
, 

b 

sand and clay 

* Estimated thermal conductivity values. 

K* 
(W/tn- OK) 

1.5 

1.4 

Est im&ed 
Ilea t Flow 

- 

Remarks 



Well Name: TG-82 

Location: latitude, 32" 06.38', longitude, 106" 36.95', township & range, T25S,R3E027.244; elevation 1 222 

meters; spudded, 8-2-82; temperature logged, 10-6-82 (12t00 noon); total depth, 45 meters; depth of 1% inch 
PVC casing, 45,meters; bottom-hole temperature, 25.3OC; bottom-hole depth, 45 meters; bottom-hole temperature 
gradient, 117OC/km; best estimate heat flow value, 134 mW/m 

2 (3.2 HPU). 

Depth 
(m) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
15 
20 
25 
30 
35 
40 
45 

Temperature 
("a 

23.65 
24.15 
23.79 
22.45 
21.78 
21.32 
21.18 
21.22 
21.30 
21.48 
22.13 
22.91 
23.42 
24.04 
24.55 
24.93 
25.26 

Temperature 
Gradient 

("C) 

95.9 * 5.3 

b 

Lithology 

sand and ;lay, 
alternating layers 

K* 
(W/m-"K) 

1.4 

Est ima t ed 
Heat Flow 

134 3.21 

Remarks 

* Estimated thermal conductivity values. 

4 h 



I I t 

1 

Well Name: TG-83 

eters; bottom-hole temperature, 24.4OC; bottom-hole depth, 45 meters; bottom-hole temperature 

and, gravel, and clay 

* Estimated thermal conductivity values. 



Well Name: TG-84 

Location: latitude, 32O 06.85', longitude, 106O 35.08', township & range, T25S.R3Ee24.432; elevation, 1,271 
meters; spudded, 8-17-82; temperature logged, 10-6-82 (lt05 pm); total depth, 45 meters; depth of 1b Inch 
PVC casing, 45 meters; bottom-hole temperature, 23.3OC; bottom-hole depth, 45 meters; bottom-hole temperature 
gradient, 74"C/km; best estimate heat flow value, 102 mW/m 2 (2.4 HFU). 

* Estimated thermal conductivity values. 



Well Name: TG-85 

gitude, 106' 35.34', township & rang ' T25S*R3E*25*431; e levat ion,  1,242 

temperature logged, 10-6-82 (1:35 pm); to ta l  depth, 45 meters; depth of 15 inch 

Well Name: TG-85 

gitude, 106' 35.34', township & rang ' T25S*R3E*25*431; e levat ion,  1,242 

temperature logged, 10-6-82 (1:35 pm); to ta l  depth, 45 meters; depth of 15 inch 

- 

Depth 
(m) - 
1. 
2 
3 
4 
5 
6 
7 

9 
10 
15 
20 
25 
30 
35 
40 
45 

a 

. .  

e temperature, 23.6 OC; bottom-hole depth, 
heat flow value, 113 M / m  2 (2.7 HFU) . 

21.25 
20.62 
20.39 
20.37 
20.38 
20.61 
21.23 
21.61 - 
21.98 
22.51 
22.96 
23.36 
23.63 

83.9 f 3.7 

Lithology 

c lay  and sand 

clay,  very hard 

clay and sand 

clay 

K* 
(W /m- ' K) 

1.4 

1.4 

1.4 
~~ 

' 1.3 

45 meters; 

Estimated 
Heat Flow 

(mw/m2) (~m) 

117 2.81 

bottom-hole temperature 

Remarks 

* Estimated thermal conductivity values 



Location 

Depth 
(m) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
15 
20 
25 
30 
35 
40 
45 - 

latitude, 32' 05.89', lon 

Well Name: TG-86 

itude, 106O 36.14', township 8 range, T25S0R3E.26.434; elevation, 1,233 
meters; spudded, 8-18-82; temperature logged, 10-7-82 (11:45 am); total depth, 45 meters; depth of 15 inch 
PVC casing, .45 meters; bottom-hole temperature, 24.0°C; bottom-hole depth, 45 meters; bottom-hole temperature 

gradient, 9O0C/km; best estimate heat flow value, 115 mW/m 2 (2.7 HPU) .  

I 
Temperature 
("a 

Temperature 
Gradient 

('C) 

23.86 
24.08 
23.49 
21.83 
20.99 
20.71 
20.67 
20.73 
20.85 
20.97 
21.35 
22 .oo 
22.44 
22.98 
23.33 
23.70 
24.04 

61.9 f 3.4 

Lithology 

sand and clay 

Estimated thermal conductivity values. 

K* 
(W/m-OK) 

1.4 

Estimated 
Heat Flow 

115 

Remarks 

U 

(*' 



? '. 
1 

Y 
t li 

$ 'L" L 
b (1 

Well Name: TG-87 

ude, 106" 36.82*, township ti range, T25S.R3E. 
gged, 10-7-82 (11:15 am); to ta l  depth, 45 meters; depth of 15 inch 
erature ,  24.6OC; bottom-hole d 
flow value, 107 mW/m (2.6 HEY). 

0311; e 1 e v a t - b  1,196 

a 45 meters; battom-hole temperature 
2 

Depth 
(m) 

1 
2 
3 
4 
5 

8 
9 

10 
15 
20 
25 
30 
35 
40 
45 

Temperature 
("0 . 

23.49 

24 -08 
22.17 
21.41 
21.03 
21.05 
21.09 
21.17 
21 -43 
22.07 

23.04 
23.57 
23.99 
24 . 28 
24.57 

24 e00 

22.63 

Temperature 
Gradient 

( "C) 

79.1 f 4.5 

i 

Lithology 

sand and clay 

b 

c lay  

c lay  and sand 

Estimated I Neat Flow 

' (W/m-OK) ! c * >  P- (mW/m 

I 

1.4 

1.4 I 111 
2.46 - 
2.65 

- 

Remarks 

* Estimated thermal conductivity values. 



8 

I 

Well Name: * TG-88 

Location: 
meters; spudded, 8-3-82; temperature logged, 10-7-82 (12:20 pm); total depth, 45 metere; depth of 1h Inch 
PVC casing, 45 meters; bottom-hole temperature, 24.1OC; bottom-hole depth, 45 meters; bottom-hole temperature 
gradient, 90°C/km; best estimate heat flow value, 123 mW/m 

latitude, 32O 04.35'. longitude, l06O 35.42', township & range, T26S.R3E.la324; elevation, 1,212 

2 (3,O HFU). 

- 
Depth 
(m) 

1 
2 
3 
4 
5 .  
6 
7 
8 
9 
10 
15 
20 
25 
30 
35 
40 
45 

Temperature 
("0 

Est &ma ted 
Temperature 
Gradient 

("a 
Heat 

K* 
(W/m-OK) Lithology Remarks 

t- 

0 24.43 
24.79 
24.36 
22.87 
21.65 
21.08 
20.83 
20.83 
20.85 
21.04 
21.46 
21.89 
22.30 
22.82 
23.28 
23.67 
24.06 

sand and clay 1.4 

* 

clay and sand 1.4 
88.1 i 2.2 123 . 

* Estimated thermal conductivity values. 

a a 
I c 1 * a, *I 



Depth 
(m) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
15 
20 
25 
30 
35 
40 
45 

T 

23.79 
22.79 
21 . 73 
20.96 
20.75 
20.78 
20.85 
20'. 91 
21.44 
22.01 
22.50 
23.04 
23.52 
23.90 
24.19 

Temperature 
Gradient 

89.0 f 4.6 

Lithology 

sand, gravel, and clay 

b 

clay and sand 

* Estimated thermal conductivity values. 

IC* 
(W/m-OK) 

1.5 

1.4 

E s t l  
Heat 

ited 
"ow 

2.98 

Remarks 



Well Name: TG-90 

Location: 
meters; spudded, 8-4-82; temperature logged, 10-7-82 (4:25 pm); total depth, 45 meters; depth of 1% inch 
PVC casing, 45 meters; bottom-hole temperature, 24.7%; bottom-hole depth, 45 meters3 bottom-hole temperature 

latitude, 32' 01.88', longitude, 106O 33.40', township & range, T26S.R3E.24.322; elevation, 1,186 

* Estimated thermal conductivity values. 

L P 



Well Name: TG-91 

', longitude, 106" 34.71', township & range, T26S0R4E.19.332; elevation, 1,209 
rature logged, 10-7-82 (4t05 pm); total depth, 8.5 meters; depth of meters; spu inch 

emperature, 22.9OC; bottom-hole depth, 8.5 meters. 

(m) 

1 
2 
3 

- 

7 
8 

8.5 

T 

24.63 
25 . 21 
25.51 
25.08 
24 . 25 
23.59 
23.23 
22.97 
22.92 

Temperature 
Gradient 

("0 Lithology 

large gravel , fractured 

- .  

K* 
(W /m- *K) 

E8 timated 
Heat Flow 

Remarks 

Drilling was stopped 
due to lost circula- 
tion. 

, 

* E s t i  sted thermal 



Well Name: TG-92 

Location: 
meters; spudded, 8-5-82; temperature logged, 10-7-82 (11100 am)3 total depth, 45 meters3 depth of lb inch 
PVC casing, 45 meters; bottom-hole temperature, 25.5OC; bottom-hole depth, 45 meters; bottom-hole temperature 
gradient, 123OC/km; best estimate heat flow value, 128 mW/m 

latitude, 32O 00.91', longitude, 106' 34.77'. township 6 range, T26S R4E.30.313; elevation, 1,196 

2 (3.1 HFU). 

Depth 
(m) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
15 
20 
25 
30 
35 
40 
45 

Temperature 

24.18 
24.69 
24.31 
23.24 
22.07 
21.44 
21.33 
21.36 
21.43 
21.56 
22.34 
23.06 
23.68 
24.29 
24.73 
25.15 
25.54 

Temper at ur e 
Gradient 

("(3 

98.6 4 5.1 

Lithology 

clay and sand 
V 

clay 

* Estimated thermal conductivity values. 

9 

K* 
(W/m- OK) 

1.4 

1.3 

Est &mated 
Heat Flow 

128 

Remarks 

L a 

.' . 



* Estimated thermal conductivity values. 



I 

i 
I 

Well Name: TG-94 

Location: latitude, 3 2 O  04.84'D longitude, 106O 34.88'D township & range, T26S.R3E.l0224; elevation, 1,250 
meters; spudded, 8-18-82; temperature logged, 10-7-82 (1:35 par); total depth, 45 meters; depth of 14 inch 
PVC casing, 45 meters; bottom-hole temperature, 23.OoC; bottom-hole depth, 45 meters; bottom-hole'temperature 

* Estimated thermal conductivity values. 

4 Y 1 'h 



b- 
'5) 
4) 

Depth 
(d 

5 
6 
7 
8 
9 
10 
15 
20 
25 
30 
35 
40 
45 

LI.-- 

Well Name: TG-95 

gitude, 106" 33-98'. township 6 range, T26S.R4Eml8. 
erature logged, 10-7-82 (2:lO pm); total depth, 45 metera 

emperature, 21.7OC; bottom-hole depth, 45 meters; bottom-hole temperature 

2; elevations 1,253 

2 e heat flow value, 68 mW/m (1.6 HFU) . 

Temperature 
("C) 

23.4 
23.1 
22.44 
21.50 
20.85 
20.37 
20.13 
20.04 
20.06 
20.07 
20.22 
20.45 - 

20.70 
21.03 
21.27 
21.47 
21.65 

Temperature 
Gradient 
("a 

48.8 f 2.5 

Lithology 

clay, hard 
. 

. .  

sand and clay 

clay and sand 

* Estimated thermal conductivity values. 

1.4 

1.4 

1 .I) 
I - 

E8 t imated 
Heat Plow 

Remarks 



Well Name: TG-96 

Location: 
meters; spudded, 8-19-82; temperature logged, 10-7-82 (3:30 pm); total depth, 45 meters; depth of 15 inch 

latitude, 32' 01.28'. longitude, 106O 33.92', township & range, T26S0R4E.30.224; elevation, 1,236 

PVC casing, 45 meters; bottom-hole.temperature, 23.2%; bottorn-hole depth, 45 meters; bottom-hole temperature 
Q 

I- - 
00 

* Estimated thermal conductivity values. 

bi Y 

3 a Y 



-J 
W 2 24.36 

3 23.85 
4 22.12 
5 20.89 
6 20.63 
7 20.64 , 
8 20.67 

10 20.92 
15 21 . 37 
20 21.75 
25 22.08 
30 22.38 
35 22.73 61.5 f 1.2 92 2.21 
40 23 .OO 
45 23.28 

. 
9 20.81 nd, very hard 1.5 

I 



(W
) 

H
ld

3Q
 

8 Q
, 

.. 

(u
 

r- 1 

.... 
. .*. 





(W
) H

ld
3Q

 

n
 

0
 
0
 

Y
 

c
 

132 



c 

. (W
) 

H
ld3Q

 

Q
 c; 



E
 

8, 
I 

. 
. 

(W
) H

ld
3Q

 

184 

. 



e . 
d e  

'Appendix E 

s quit e-An thony Area 

4 

. -  

Figure 30. The e 

J resistivity data are given in units of ohm-meters. 
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