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ABSTRACT

Well costs vary roughly exponentially with

well depth. Plots indicating this have been nade

using data from nineteen geothermal wells of
varying depths. These plots indicate both the
,average costs to driltl wells and the costs to
drill wells without problems. Averane well
costs are above estimates based gn the assumption
that the well procceds according to plan. The
average costs should be considered for planning
programs in which Jarge numbers of wells are
involved. Estimates based on the assumption that
the well can be drilled according %o plan may be
used for pltanning programs inpvolving one or iwo
wells, hut the average costs should be considered
in contingency plaaning.

IMNTRODUCTLOK

This is an attempt to look a2t well canstruc-
tion costs statistically, using actual costs of
completed geothermal wells as the hbasis. The data
base consists of nineteen wells dritled as part of
the Departmenat of Energy geothermal pregrams

managed by the DOE Idaho and Nevada Dperaticns
were comnplated at

Qffices. Eight of the wells

Raft River, seven were completed under the DOE
Industry Coupled Program, three were completed
under the Project Applications Program, and one

was completed at the Idahe National Engineering
Laboratary site nedr the eastern end of the Snake
River Plain. There are a vartety of well types,
geglogical envirgnments, depths and bore hole
sizes represanted, and although this is a small
sanple, trends can nevertheless be seen.

The objectives of this study are to provide
general guidance for the geothermal well field
developers, public or private individuals or
groups considering the geothermal option, proposal
writers or evaluators, and geocthermal policy
makers, 0Of course, when estimating the cost of a
particular well, one should tist the tasks to be
done and the material to be purchased, estimate
the cost of each and aggregate, so thet the
pecyliarities of the site, anticipated production,
and other varizbles can be taken into account.
Lata presented here should be used only as a
gervral guide althouqh there 15 one other impor-
tant use. Aggregated estimates like the one just
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described are usually valtid onty if things proceed
accordiny to plan.  Some have said that actual
well costs often depend on fwe aspects of well
drilling which are not quantifiable: the tuck of
the driller and the determination of the operator.
Looking at past experience, which is the approach
taken here, at least gives one some idea as to the
levels these two unguantifiables have pushed past
drilling costs.

DRILLING COSTS ¥S. DEPTH

Brilling costs versus depth are shown in
figure 1. NOTE: The vertical scale is logarithmic.
Logarithmic plots tend to create the illusion
that Tittle scatter of the data exists when 1in
fact there is a cunsiderable scatter. However,
the logarithmic scale was used because of the
general exponential trend of the data and to
facilitate a linear regression aralysis.

The mean regression 1ine shewn in figure 1 s
not representative of costs which would result
from an aggregated estimate obtained by listing
tasks and materials, estimating their costs and
aggqregating. These estimated well costs are
approsimated by the heavy dashed line at the
bottom. The mean line simply represents the
average real costs of the nineteen wells in the
sample, and this in turn is a strong funclion of
the problems encountered and the determination of
the owners to complete the wells. HNote that
aggregated estimate approximated by the dashed
line is below all the well costs. Tnis may at
first seem irrequiar until ane considers that this
type of estimate §s almost always optimistic
because, by nature of the estimating procedure,
only predictable fasks and material purchases are
cons fdered, and contingencies are not included.

Wells indicated by the circular symbols and
the diasmond syrbol were paid for entirely by DOE,
wells indicated by the square symbols were funded
mostly by DOE and partly by private or local
public entities. MWells indicated by the tri-
angular symbels were paid for mestly by private
concerns, most of whom have an oil background.
Referring to figure 1 with this in mind, it is
interesting to note that public ar private owner-
ship of the well had little to do with costs.

Note that the determination of the operators
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Year  Depth Casing Diancter Cast Inflation Casts Corrected to
Deseription Drilled {fect) {inches)/lepth (feet) (1003's}  Factor 1978 (1000's)
Raft River #] 75 5007 13-3/8 to 3634 810 1.38 1,118
Raft Rivor #7 16 6561 13-3/8 to 4227 800 1.26 1,008
Raft River #3 76 *5917° 13-3/8 to 1385 9-5/8 to 4254 B&2 1.76 834
*5532
#5853
Raft River #4A 7/ 2840 13-3/8 to 1870 304 1.12 342
Raft River #48 78 #5427 13-3/8 to 1820: 9-5/8 to 3457 830 ———- S
*H115
Raft River #5 L 4975 13-3/8 to 1500: 9-5/8 to 3508 955 - -
Raft River #6 /8 3888 13-378 to 1698 325 ——— oo
Raft River #7 78 3858 13-3/8 to 2044 275 ——- e
Industry Coupled #1 74 4300 385 1.463 628
Industry Coupied #2 76 5100 370 1.26 460
Industry Coupled #3 75 4000 794 1.38 450
Industry Coupled #4 78 5400 Ha0 _—— ———
Industry Coupled #5 8 6000 Bare diancteor gt surface wias 800 - ————
Industry Couplad #6 78 7735 17-1/2 dnches narroding Lo 2,079 - -——-
[ndustey Coupled #7 78 5200 8-3/4 inches &t target depth. 1,232 ——— _—
Project Applicaetions #1 79 1500 16 to 7000 7-7/8 Lo 1340 214 .93 1499
Project Applications 2 79 2176 10-3/4 to B00: 7, 800 to 2176 296 L83 215
(perphorated)
Project Applications #3 78 4266 10-3/4 to 1000: 7-5/8 to 3/22: 457 E— S
5 to 3400
IHEL #Y 79 103496 13-3/8 to 3359: 9-3/8 2,960 .92 2,753
ta 6795
* o obultilegged wells,
TABLE I1 COST BREAK DOWM
{Mut: Correcied to 1978 Prices)
Hell . Project Industry Industey Raft Raft Raft
Identification Applications #2 Coupled g6 Coupled #7  River 41 River #3  River #5  INil #1
Well Depth 2176 7735 5200 5007 5917 4925 10356
item Description
Lecation Preparztion 4491 67,044 - 81,8683 16,600 14,300 11,400 227,800
Mobilizalion and 36,0600 — - J¢,700 45,700 9,009 353,000
Demo it izat ion
Brilling 2,914 B87, 131 A4, 201 319,608 185,400 418,800 749, /50
Drill Aits 5,938 107,755 46,400 23,200 55,100 35,200 /0,592
Leilling Fluid 26,958 181,642 104,144 3,500 4,000 ———- 9z2,/10
Coment ing 28,904 564,144 329,065 45,004 /4,800 52 ,5h00 252,301
Fuipmpnt Reabals 5,208 111,321 G, A8 56,900 69,900 7o, 700 89,168
fransportation - 102,635 /0,363 4,300 ——-- - 1,810
Suparvision 26,260 36,400 28,600 In Drilling In Brilling 71,900 1,400
Cost Cost
Loyging 12,510 - S 58,200 58, GO0 123,000 51,330
Casing 23,435 149,451 12,780 91,400 83,600 45, 1 339,585
Well ilead 15,664 25,878 12,456 41,600 37,000 44 000 74,304
Miscellaneous 40,984 45,964 15,270 57,600 30,4400 160,500 589,544
JOTA 296,767 2,049,401 1,232,156 810,000 662,200 994,700 2,960,294

TABLE I TOTAL Wibl COSYS
(Corrected to 19/8 Prices)
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Mobitization and dermobilizalion costs varied
radically from one well to another indicating that
these expenses may have been accounted for in
different ways. This and other nonuniformities
suggest that {he Idaho Operations Office should
consider instituting uniform accounting procedures
for fulure well drilling programs. This would
engble one to plot cost of various items versus
depth as welil as total cost which may prove useful
in estimating using 1he aggregation approach.

SHALLOW WELL COSTS

The shallowest well used in this study is
1500 feet. It is obvious from figures 1 and 2
that 1f the straight line fits were extrapolated
to shallow well depths, the cost would be unrea-
sonably high. Thus it appears that a break
must oceur in the lines meaning that cost varia-
Lion with depth is different for shallow wells.

The importance of shallow well costs to
direct use of geothernal heat makes such a cost
study dmportant. Unfortunately, however, the
writers had too little data on shallow wells to
warrant their inclusion.

CORRECTION FOR IRFLATION

lell costs have been increasing over the past
ten years at a higher rate than the national
average inflation rate, partly due to enviran-
mental and institutional barriers and partly
due to the high dewand for drill rigs. W.A.
Glass shows costs for an average well at the
Geysers increased ffom £400,000 to $1,000,000
hetween 1972 and 1977

As the data in table 1 were first put to-
gether to obtain figures 1 and 2, the inflation
correction was made by calling drilling companies,
mud companfes elc. and asking them for prices in
the 1974 to 1978 time period. However, many
companies responded by simply stating that prices
had increased at about ten percent per year.
Some, however, gave actual prices which indicated
that some items such as drill rig rental had
increased by more than twenly-five percent in some
years and averaged about fifteen percent per year.

These data were weighted by the impact of
each item on the total cost wusing data from table
11, and the inflation factors shown by the cir-
cular symbols in figure 3 werc obtained. Later
the data from the table on page 88 of reference 2
were converted to inflation factors. These are
shown by the square symbols in figure 3. Since
the factors from reference 2 data were 0 close to
factors generated by the writers and the data
base was bhroader {although from oil1 and gas
wells), 1he reference 2 based factors were used.

CONCLUSTORS

Nrilling costs for geothermal wells between
1500 and 10,000 feet deep appear 10 rise roughly
exponentially with depth. However, costs at any
given depth vary appreciably according to drilling
conditions and uneapected problems. The result is
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prices.

that the rmean cost is considerably hkigher than
would be predicted by the acggregation method of
¢stimating.  Therefore, when planning a well, the
uiean ¢ost along with drilling conditions should be
considered for contingency planning, Mhen plan-
ning large programs involving many wells however,
the mean costs would provide a better estimate.

Since 1974, well drilling costs have almost

doubled.  This 1is higher than the natural infla-

tion rate. Such an increase, makes inflation a

vital consideration in long range planning.
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