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,,We, have compiled detailed geophysical, systems. The upper extreme is found in 
hydraulic and geochemical data from high temperature systems like that at 
numerous major liquid-dominated geo- Salton Sea where the local heat flow 
thermal fields in order to develop a exceeds 2500 mW/m2 (Newmark et al., 
generalized hydrodynamic and geo- 1986). 
chemical Or geothermal m e  pattern of the geothermal-gradient 

varies considerably within each field, 
depending on the location of the con- filled rift valleys. 

The location of these geothermal ctive or conductive heat flow zones. 
fields is determined by their tectonic maximum of the near surface 
framework and associated structures 

ystems which are found in sediment--, 

available on moderate 

t from near regional (0.09 
e value of 0.83 OC/m 

ient is also 

d in the Heber 
other fields and approximates a lower geothermal field with 0.015 OC/m 
limit to surface heat flow of these (Lippmann and Bodvarsson, 1985). 
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A relatively high geothermal gradient 
for a reservoir with moderate tempera- 
tures is 0.06 OC/m within the East 
Mesa geothermal field (Elders and Co- 
hen, 1983). The ranges indicate 
clearly that hydrothermal systems with 
high maximum reservoir temperatures, 
like the Cerro Prieto and Salton Sea 
geothermal fields, have also the high- 
est temperature gradients in the three 
thermal zones. The pertinent depth 
range for these temperature gradients 
depends mainly on the variability of 
the reservoir geometry from field to 
field, as discussed next. 

RESERVOIR GEOMETRY 

Rift valley-associated geothermal 
fields can be best described litholog- 
ically by three or four different 
depth zones: over-laying sediments, 
caprock, reservoir and basement. 
The caprock is commonly of sandstone 
with interbedded shales and extends 
down to a minimum of 350 m in the 
Salton Sea field (Randall, 1974) to a 
maximum of approximately 2,500 m in 
the Cerro Prieto field (Elders, 1979).  
However, an average thickness of 500 
to 700 m (within the Dunes, East Mesa, 
Heber and Salton Sea geothermal field) 
seems to be more representative. 
The thickness of the reservoir ranges 
typically from 600 to 2,500 m. Fluid 
flow is restricted below 3,000 to 
3,500 m depth due to the increasing 
influence of the porosity-reducing 
alteration of the upper greenschist 
facies in the hotter, deeper rocks. In 
this kind of reservoir, the production 
interval is typically in the 600 to 
1,800 m depth range and reflects the 
relative large permeability in the up- 
per and middle part of reservoirs. 

Surface evidence like hot springs, 
fumeroles, and sinter terraces, or 
data on contours of reservoir tempera- 
tures indicate typical areas of 25 to 
55 Ian2 and an area of approximately 35 
Ian2 seems to be representative (e.g. 
Olkaria; Grant and Whittome, 1981). 
However, resistivity measurements sug- 
gest that geothermal systems are 
larger, such as in the Olkaria field 
(Kenya) field with an approximate area 
of 80 to 100 Ian2 (Grant and Whittome, 
1981). Similar uncertainties affect 
estimates of reservoir volumes or cal- 
culations using data from Lippmann and 
Badvarsson (1985) , and Salveson and 
Cooper (1981).  The approximation indi- 
cates that the Heber field near 35 km3 
is one of the smaller reservoirs. Max- 
imum volumes of larger geothermal sys- 
tems, like the Salton Sea system have 
a range of 70 to 100 km3. 

$3 S S N R  
YALLEYS 

Both maximum reservoir temperature and 
the characteristic variation in salin- 
ities are plotted in Fig. 1. Included 
are salinities from six different 
fields in sediments in comparison to 
salinities from ten geothermal fields 
located in a volcanic dominated rift- 
valley (Taupo zone, New Zealand). A 

representative range for total dis- 
solved solids in the sediment domi- 
nated type is 4,000 ppm (East Mesa: 
Hoagland, 1976) to 270,000 ppm (Salton 
Sea; Elders and Cohen, 1983).  The 
deep, hypersaline brines within some 
of’ these systems are mainly the prod- 
uct of downward percolation and par- 
tial evaporation of lake or groundwa- 
ter (Rex, 1985).  The large variability 
within high and low temperature reser- 
voirs is illustrated by the Salton Sea 
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(T.D.S.: 50,000-270,000 ppm) and East 
Mesa systems (T.D.S.: 1,500-24,000) 
(Mc Kibben et al, 1988; Coplen, 1975). 
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Figure 1: sediment-associated fields 
o volcanic dominated fields 

This range is considerable larger than 
that within the fields of the Taupo 

from Ellis, 1979), whe 
ssolved solids are bel 

ity near 5 t ,  their number increases 

Table 1: Reserv oir Porosities 

Jlocation Porositv (k) 

palton Sea System 

1. Base of Caprock 
2. Upper Reservoir 
3. Lower Reservoir 
4. Lower Reservoir 
5. Reservoir Average 

o Prieto Svsteq 

6. Near Surface 
7. 2,000 m Deep 
8. Reservoir Average 

Jieber Field 

9. Caprock 
10. Lower Reservoir - 
11. Caprock 
12. Reservoir Average 

15 - 20 .. 30 
19 
11 
14 

40 
5 
10 

15 - 30 
10 

33 
23 

Source 

1. Mc Dowel1 and Elders, (1980) 
2. Schroeder et al., (1976) 
3.-5. Calculated here from McDowell 

and Elders, (1980), Tewhey, 
(1976) and others. 
Lyons and van de Kamp, (1980) 

8. Elders et al., (1982) 
9.-10. Ershaghf and Abdassah, (1983) 

ificantly in wells deeper than 

n measurements on cores. 
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le 2 Reservoir Pemeabilitieg 

mcation ies [md) 
. .  Pemeabilit 

ton Sea Svst elq horiz. vert. 
1. Upper Reservoir -500 ' --- 

Sandstones 
2. Reservoir Shales --- 0.1-1.0 
3. Reservoir 100-500 --- 

East Mesa Field 

4. Average 17 0 45 

Source 
1. Schroeder et al., (1976) 
2. Morse and Thorsen, (1978) 
3. Morse and thorsen, (1978) 
4. Calculated here from wire log data 

in Pearson, (1976) 

Own calculations (Table 2) based on 
well logs from East Mesa (Pearson, 
1976) seem to be consistent with pub- 
lished permeabilities from core and 
well tests. 
Similar permeabilities reported from 
other fields, like Cerro Prieto and 
Heber (Lippmann and Bodvarsson, 1985; 
Elders et al., 1984), fall also in a 
range between 600 to 50 md horizontal 
permeability and 100 to 0.1 md verti- 
cal permeability, representative of 
this hydrothermal environment. 

PERMEABITdTY AND POROSITY: 
EF FECT S OF HYDROTHERMAL REACT1 ON ON 
TffE EAST MESA FIE LD 

Detailed porosity and permeability 
data, derived from well logs and core 
logs (Pearson, 1976) are shown in Fig. 
2, 3 and 4. They represent averaged 
intervals of 250 m (820 ft.) and 
combined porosity and permeability 
values from eight geothermal wells 
from East Mesa and four nearby non- 
thermal wells. 

The caprock, 610-762 m thick (2,000 - 
2,500 ft) is mainly unconsolidated 

sediments, which extend to a depth of 
848 m (2,780 ft) (Coplen, 1976). 
The relatively large porosities and 
permeabilities of the caprock show 
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Figure 2: e hydrothermal wells - non-thermal nearby wells 
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Figure 3: m hydrothermal wells - non-thermal nearby wells 
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Moo 4wM permeabilities of about 100 to 150 md, 
0 which would allow significant flow 

along fractures, was mainly found in 
deeper parts of the reservoir (Howard 

The general oscillatory decrease of 
these parameters with increasing depth 
may be a result, either of the initial 
shale content or more thoroughly ce- 
mented zones as reported by Hoagland, 
(1976). 

0 IO00 zoo0 

2ooo et al., 1978). 

io00 

6w)o 

am0 FLoW RELATI ONSHIPS 

There is a large variation in surface 
loo0 discharge of this type of geothermal 

systems. The maximum, in the Cerro 
Prieto field is 5 x lo6 m3/y 

lzow) (Truesdell et al., 1984). Moderate 
temperature’ systems, like the West- 
moreland or Dunes fields, usually show 
no surface discharge. 

that it is relative permeable. Lower A specific flow of 3.6 x lo6 m3/y 
permeability and intense1 emented through the Cerro Prieto reservoir 
sandstones occur first at a th near (Truesdell et al., 1984) is apparently 
640 m (2,100 ft) Hoagland (1976). a maximum rate. 
The initial porosity of the rock sec- Calculations for the low temperature 

ir of East Mesa (Kassoy, 1975) 
high temperature reservoir of 

Figure 4: E hydrothermal wells - non-thermal nearby wells 

f f ler and White, 

0,000 years) 

significant fracturing with resulting strate that now the Salton Sea 



geothermal field is characterized by a 
dynamic flow stage during which hot 
fluid rises along highly permeable 
zones from the deep recharge aquifers 
to the upper reservoir. The brine res- 
idence time of lo2 to lo3 y, (Zukin et 
al., 1987) reflects the present rapid 
flow. 

Similar flow and time relationships 
may be indicated by the temperature 
development of the Cerro Prieto reser- 
voir where around 10,000 y have been 
necessary to reach reservoir tem- 
peratures of 160 to 200 OC (Elders et 
al., 1984). However, the extreme high 
temperatures of 350 to 370 OC were 
probably reached in a considerably 
shorter period. The apparently major 
variation in flow rates of a reservoir 
occurs over intervals short in compar- 
ison to the life of a geothermal sys- 
tem. For the well documented Wairakei 
system, Ellis (1979) deduced the 
static or minimum flow stage lasted 
lo4 to lo5 y and the dynamic stage 
for 104 to 102 y representing general 
intervals for various types of 
geothermal systems. 
In Fig. 5 is a generalized cross sec- 
tion through a geothermal system in a 
sediment-filled rift valley (across 
the principal flow direction) includ- 
ing typical values of some parameters. 
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Figure 5: Generalized cross section 
through a geothermal system 
across the principal flow 
direction. 
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