
ABSTRACT 

The geothermal well-cost model de- 
veloped by Sandia National Laboratories is 
being used to analyze the sensitivity of 
well costs to improvements in geothermal 
drilling technology. This paper discusses 
three interim results from this modeling 
effort: the sensitivity of well costs to 
bit parameters, rig parameters, and mater- 
ial costs; an analysis of the cost reduc- 
tion potential of an advanced bit; and a 
consideration of breakeven costs for new 
cementing technology. All three results 
illustrate that the well-cost savings 
arising from any new technology will be 
highly site-dependent but that in specific 
wells the advances considered can result 
in significant cost reductions. 
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1. INTRODUCTION 

The computer model developed at 
Sandia National Laboratories for simulat- 
ing well drilling costs has been discussed 
previously (Polito, 1978; Polito and Smith, 
1979). This model is based on the GASP IV 
simulation language (Pritsker, 1974), and 
its purpose is to provide a means for 
studying the sensitivity of geothermal 
well costs to improvements in drilling and 
completions technology. This capability 
will aid efficient direction and evalua- 
tion of the DOE Geothermal Drilling and 
Completion Technology Development Program 
managed by Sandia. Continuing work re- 
lated to the well-cost model includes de- 
velopment and expansion of its capabili- 
ties, especially in the area of analyzing 
advanced drilling concepts and complete 
systems, and extensive well-cost data col- 
lection to improve its use as a base for 
sensitivity studies. 

In addition to being improved and ex- 
panded, the model is used continually to 
generate interim, working results that aid 
in program management. 
results that have recently been generated 
in three areas. 
sensitivity results arising from varying 
the values of drilling parameters used in 
the model. We follow this with a simple 
illustration of the use of the model in 

This paper presents 

First we show typical 
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evaluating new technologies, and finally 
we include results from a more detailed 
treatment of the parameters involved in 
cementing. 

2. WELL COST SENSITIVITIES 

In this section we present typical 
sensitivity results based on models of 
two very different geothermal wells. 
These wells, as described in the earlier 
paper (Polito and Smith, 1979), are 

The Baca Location. The deepest leg of the 
well is about 6250 feet. The first leg was 
non-commercial, and a plug back redrill 
was performed without obtaining production. 
The well was plugged and abandoned. Minor 
lost circulation problems were encountered, 
one fishing job was required, and corro- 
sion control costs were high. Otherwise 
the drilling was fairly routine. 

Cove Fort-Sulphurdale. 
5200 feet deep. Very serious lost circula- 

The well is about 

tion problems- were encountered in drilling 
almost the entire well, and extensive time 
was spent attempting to set cement plugs. 
Two fishing jobs were require'd and tools 
were stuck three times. Also, corrosion 
control treatments were very expensive. 

In general, sensitivity of well costs 
is analyzed by varying all drilling param- 
eters through their realistic ranges. 
Sensitivity results often differ dramati- 
cally between wells as is shown in the 
comparison of Figures 1 and 2, which pre- 
sent results from single parameter varia- 
tions. Results of jointly varying three 
bit-related parameters were shown previ- 
ously (Polito and Smith, 1979). 

drawn from sensitivity results such as 
those in Figures 1 and 2. For example, in 
a relatively trouble-free well, like the 
Baca well, the most significant reductions 
in well cost can accrue from making hole 
either faster (by increasing rate of pene- 
tration (ROP) or bit lifetime) or cheaper 
(by reducing rig rate). However, in a 
well that involves drilling and completion 
problems, such as lost circulation or 

Several general conclusions can be 
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cementing difficulties, making hole faster 
can be much less significant than avoid- 
ing of reducing those problems. 
ly, the sensitivity analyses show that 
increasing penetration rates in conven- 
tional, rotary drilling to more than two- 
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Fig. 1 Sensitivity of total well cost to 
parameter variations: Baca 
location. 

Fig. 2 
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Sensitivity of total well cost to 
parameter variations: Cove Fort- 
Sulphurdale. 
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- to-three times above current rates results 
in little additional bepefit. 

3. CASE STUDY--IMPROVED BITS ._. . 
. _. - .. _. - -  _ -  

Figure 3 below shows the effect on 
well costs of using an advanced geo- 
thermal bit in five geothermal wells. 
The model is used to generate results 
such as these by modifying the perform- 
ance parameters of conventional equipment 
to represent the new technology. In this 
case the ROP, lifetime, and net cost 
(cost minus salvage) were all doubled in 
order to represent a new polycrystalline 
diamond compact bit. The results shown 
are conservative in the sense. that the 
planning and drilling of the wells were 
not modified to take advantage of the 
capabilities of the new bits. 
the new bits were tripped out and changed 
at the same depths as the original bits 
(except at those points where the ori- 
ginal bits were replaced solely for 
reasons of bit wear). 

Rather, 
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Fig. 3 Impact of improved bit on totai 
well cost. 

It is seen from Figure 3 that the 
effects of applying new technologies can 
differ greatly from well to well. 
case of improved bits, those wells in 
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. which drilling was frequently interrupted 
for lost circulation, cementing or other 
problems would benefit little from the 
new technology; while the bits would re- 
sult in a significant cost reduction for 
other wells. The ongoing data collection 
work will facilitate the weighting of the 
different effects in different wells. 

4. CASE STUDY--IMPROVED CEMENTS 

In this section we illustrate another. 
use of the model--analysis of breakeven 
costs for new technologies. Two of the 
wells included in our current data base 
had significant cement-related costs. One 
was due to severe lost circulation prob- 
lems; and the other, to a poor original 
cementing job. The sensitivities of total 
well cost to cement material costs were 
quite similar for these "cement-trouble" 
wells. In addition, the sensitivities for 
the remainder, or "trouble-free" portion, 
of the wells were remarkably consistent. 
However, the differences between these 
groups were marked. This is represented 
by the curves in Figure 4. As we gather 
more well-cost data we will establish whe- 
ther or not these curues are representa- 
tive of larger groups. 

Fig. 4 Sensitivity of total well cost to 
cement material cost 

Figure 4 illustrates a portion of the 
cost effect of introducing new cementing 
technology. If new, and likely more ex- 
pensive, cement is used in a trouble-free 
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well, the corresponding increase (or de- 
crease) in well cost is represented by 
the rise of curve A with increasing 
cement material cost. The effect of more 
expensive materials would be even greater 
in those wells represented by curve B-- 
primarily because of the proportionately 
larger volume of cement used in the 
cement-trouble wells. However, if the 
new cements help reduce troubles, they 
may reduce the volume of cement required 
and thus reduce the overall well cost. 

breakeven cost for a new cement that can 
convert a cement-trouble well to a 
trouble-free well. If we assume cement 
materials costs go to zero, Figure 4 indi- 
cates a cost reduction of 5% for the 
trouble-free well and one of 25% for a 
cement-trouble well. Thus the difference, 
or roughly 2 0 % ,  is an estimate of the 
portion of the cost of a cement-trouble 
well that is attributable to the trouble. 
To determine the importance of how much 
is spent for cement technology to cure the 
cement troubles, we modify curve A as 
shown in Figure 5. The resulting curve 
represents the effect, on total well cost, 
of the cost of material that cures or 
converts the cement-trouble well to a 
trouble-free well. It indicates that a 
roughly 600% cost increase for improved 
cement could be tolerated if it cured the 
trouble. 

Figure 4 can be used to estimate the 
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Fig. 5 Sensitivity of "cured" well cost 
to cement material cost. 

The result in Figure 5 illustrates 
the cost savings potential for new tech- 
nology applied to cement-trouble wells. 
However, it does not accurately reflect 
the total cost savings, since it does not 
consider thk cost effects of applying the 
technology to wells that would have been 
trouble-free anyway. The total cost sav- 
ings is considered in Figure 6, in which 
the probability of encountering cement 
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trouble is varied from zero to one. AS This work was supported by the U: S. 
our data-base improves, we should be bet- Department of Energy. 
ter able to estimate a realistic value €or . .- - .  --- --__ ._--- 
the probability of cement trouble. . . .  . . _  

m 

lW% I 
0.5 1.0 

PROBABlLllY OF TROUBLE 

Fig. 6 Total cost contours. 

5. SUMMARY 

Even with only these interim sensiti- 
vity results, we have been able to draw 
conclusions concerning new technologies. 
We can estimate the cost reductions or in- 
creases arising from specific improvements 
and compute breakeven costs for potential * 

developments. The continuing work in data 
collection and geothermal well definition 
should greatly enhance our ability both to 

. estimate cost reductions and to interpret . 
the 'relative importance of possible tech- 
nological developments. 
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