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ABSTRACT 

GEOCOM l s  a model developed to evaluate the 
cost effectiveness of alternative technologles 
used In the completlon, productlon, and mainten- 
ance of geothermal wells. The model calculates 
the ratio of llfe-cycle cost to life-cycle pro- 
duction or lnjectlon and thus l s  appropriate for 
evaluating the cost effectlveness of a geothermal 
well even when the most economically profitable 
well completion strategies do not result In lowest 
capital costs, 

The project to develop the GEOCOM model 
included the establlshmtnt of a data base for 
studying geothermal completions and preliminary 
case/sensltlvity studies. The code has the data 
base bullt Into Its structure as default param- 
eters. These parameters Include geothermal 
resource characterlstlcs; costs of geothermal 
wells, workovers, and equipment; and other data. 

The GEOCOM model has been written fn ANSI 
(American Natlonal Standard Institute) FORTRAN 
1966 version. Documentation of the model wlll be 
available In a Sandla Natlonal Laboratories report 
(Anderson et. al.). 

INTRODUCTION 

In the development of technologles for com- 
pletlng geothermal wells It i s  necessary to evalu- 
ate the impacts of proposed new completlon tech- 
nologies, The Geothermal Completlon Technolo y 
L i f e  Cycle Cost Model (GEOCOM) was deslgned to a!d 
thls evaluation. It uses estlmates of costs for 
completlon operations and estlmates of well 
performance to derive a measure of effectiveness 
for completlon procedures. It f aci t i  tates 
comparisons of various completion actlvltles and 
sensltlvlty analysis of Indivldual technologies. 

USE OF THE blOOf3. 

The model includes the basic data requlred to 
analyze completions as default parameters. These 
lnclude data on performance and characterlstlcs of 
the major resources In the U.S., information on 
the cost of performlng workovers, data on the 
schedul lng of wrkovers, and general lnfonnatlon 
on the economfcs and use of geothermal wells. The 
user of the model can generate a new case or study 
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by modlfylng the appropriate parameters to change 
the values from default. This Is done by use of a 
simple input processor deslgned to ease lmplemen- 
tatlon of the model. Cases can be stacked one 
behlnd the other for convenience of parameter or 
sensltlvlty studies. The code ltself was written 
using program design language and is explalned 
wlth frequent comnents makfng It easy for a person 
not already famllfar with the code to understand 
Its operation and make any modiflcatlons that 
might be desired. The code i s  divided Into func- 
tlonal modules whlch reflect the varlous steps 
that must be done in calculating llfe-cycle costs 
of completlon technolo fer. These modules lnclude 
elements that InltlalPze and allow for input of 
the parameters, determlne the workover schedule , 
compute total productlon or Injectfon of the well, 
compute the cost of the well, and output the 
results. 

The GEOCOM model f s  an analytlcal tool de- 
signed to asslst the englneer in evaluating the 
cost effectiveness of a geothermal well. Specifi- 
cally, it wlll aid In integratlng englneerlng eco- 
nomics, operatlons, resource character lstlcs , ctc. 
into a single measure of the value of a well. It 
automatlcally accounts for such thlngs as time- 
value-of-money, reservolr depletjon, etc. , but it 
I s  not intended to replace the englneer's under- 
standing o f  geothermal completions. It l s  possl- 
ble, for example, to ask the model to determlne 
the cost effectiveness of configuraitons the engl- 
neer would automatlcally reject, such as a rub- 
merslble pump In a dry stream reservolr. 

For a single initial analysis, use of the 
model would likely requlre more effort than doing 
the work' without 8 computer; however, many work- 
overs have already been analyzed and are included 
in the model. Thus, for new technolo ies or uses, 
the model provides 8 quick method of iomparlson to 
baseline condltlons and a structure for conslstent 
analysls. Futhemre, "new" technologles or uses 
are often varlatlons of existing aiethods already 
Included in the model. The strength of the model 
lies in i t s  rbility to perform retreated calcula- 
tlons of cost effectiveness for multlple values of 
the parmeters. It can thus be used for sensltlv- 
$ty stpdles or optimization. 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



Mansure, Carson 
SCOPE OF THE MOOEL 

f 

The m d e l  Includes s u f f i c i e n t  d e t a i l  t o  al low 
comparisons between various completion and usage 
al ternat ives for both production and in jec t i on  
wells. I t  combines cap i ta l  cost o f  the we l l  and 
other equipment; continuing cost f o r  workovers, 
the cost o f  rou t ine  OLM, e l e c t r i c i t y ,  and cheml- 
cals; and analysis o f  p roduc t lv i t y .  To adequately 
analyze product iv i ty,  the model uses d i f f e r e n t  
data t o  characterize d i f f e r e n t  geothermal resour- 
ces and associates the appropriate we l l  d r i l l l n  
cost  w i th  each resource. Slnce the scheduling of 
workovers can g rea t l y  impact product iv i ty,  the 
model allows freedom i n  scheduling workovers. The 
user can select  whlch workovers he wants and when 
they are t o  be performed. The user can also 
select  how the we l l  I s  t o  be produced (artesian 
f l ow ,  submersible pump, l l n e  shaft  pump, etc.). 
I n  order f o r  the model t o  be appropriately sensl- 
t l v c  t o  completion technologies, I t  could not use 
costs based on gross h i s t o r l c a l  averages, such as 
annual workover costs equal t o  a percentage o f  
cap i ta l  cost. Instead, the model calculates cost 
f o r  each workover performed and determines produc- 
t i o n  as a funct ion o f  t i m e ,  

Geothermal Reservoirs 

The dif ferences i n  wel l  performance and 
completion technology between the Geysers, w i th  
d ry  steam a t  3650F, and East Mesa, w i th  hot water 
a t  3400F, are so great tha t  i t  would be unreason- 
able t o  use average parameter values I n  GEOCOM. 
Thus, each important reservoir  was considered 
separately and described by representatlve values 
fo r  the basic reservoir-related parameters. The 
reservoirs included i n  the model are Brawley, 
Heber, The Geysers, Baca Ranch, Roosevelt Hot 
Springs, and East Mesa. 

The parameters used t o  deflne the char- 
a c t e r i s t i c s  f o r  each o f  these resources are we l l  
depth, length o f  completton in te rva l ,  w e l l  head 
temperature, we l l  l i f e ,  i n i t i a l  we l l  f low rate, 
t o t a l  dissolved so l ids  f ract ion,  steam fract ion,  
and reservo i r  performance decl ine rate. The de- 
c l i n e  r a t e  i s  important i n  determlnlng how long 
the w e l l  w l l l  f l ow a t  a usable rate.  It Includes 
such elements as drawdown, interference, formatfon 
plugging, etc.; a l l  e f fec ts  outside o f  the well .  
I n  contrast, the wel l  l i f e t i m e  I s  a physical or 
mechanical parameter determining how long u n t i l  a 
fa i lu re ,  such as casing collapse, destroys the 
we1 1. 

Techno log  i es 

Many o f  the completion technologies tha t  
have po ten t ta l  t o  reduce l i f e -cyc le  costs are new 
ones f o r  which there are no h l s t o r l c a l  data on 
cost or performance. These new technologies are 
o f ten  composed of, or subst i tuted for, ex i s t i ng  
technologies, operations, or equipment. Jet de- 
scal ing i s  an example o f  a po ten t ia l  technology t o  
improve the cost effectiveness of geothermal 
wells. I t  would supplant wchan lca l  descaling 
(done w i th  b i t  and reamer), but would u t l l i r e  many 
o f  the same support equipment items, such as a 

r i g .  The dt f ference between mechanical descaling 
and j e t  descaling would depend on such things as 
the r a t e  o f  scale removal, ef fect iveness o f  scale 
removal, and any ex t ra  costs f o r  add i t iona l  or 
d i f f e r e n t  equipment. 

The GEOCOM model does not have s u f f i -  
c i en t  data base t o  analyze a11 po ten t ia l  comple- 
t i o n  technologies. For many new ideas, cost and 
performance data do no t  ex is t .  GEOCOM can, how- 
ever, help evaluate such ideas. F i r s t ,  i t  l s  used 
t o  analyze the present completion method t o  which 
the new method w i l l  be compared. Second, the 
parameter changes which determine the cost d i f f e r -  
ence between the new and o l d  technologies are 
ident l f ied .  Last, GEOCOM i s  used t o  estimate the 
impacts o f  the parameter changes tha t  def ine the 
new completion method. 

The basic technologies tha t  have been 
included I n  the GEOCOM model are: 

(1) Logging 
(2 Perforat ing 
( 3  I Mechanical Descaling 
(4) Hydrojet Descaling 
( 5  Chemical Scale I n h i b f t i o n  
(6 In jec t i on  Pumps 
( 7  i Submersible Pumps 
8) Line Shaft Pumps t 9) Remedlal Cementing 

(10) Underreamlng and Gravel Pack 
(11) Slot ted L iner  Rep18Cement 
(12) U e l l  Repair w i th  a Liner 

HODEL STRUCTURE AND PARAMETERS 

The parameters used i n  the ca lcu la t ion  o f  an 
ind iv idua l  GEOCOM model case can be grouped ac- 
cordln t o  funct ion i n t o  the fo l low ing  categorles: 
caplta! Cost, continuing Cost, product iv i ty,  
schedule, and f inancial.  A l i s t  of these parameters 
i s  given I n  tab le  1. For many parameters a 
default value i t  given. For others the value 
depends on which geothermal reservo i r  I s  picked or 
upon which workover type or method o f7  
u t i l i t i z a t i o n  I s  chosen, and t h i s  i s  indicated. 
I n  addi t ion t o  the parameters d i r e c t l y  used i n  
calculat ion, the GEOCOM model also uses parameters 
of three types: case selection, general, and spe- 
c ia l .  The case select ion parameters determine the 
eothermal resource and method o f  using the we l l  9 l n j ec t l on  or production wel l ) .  The general 

parameters Include parameters such as the re jec-  
t i o n  temperature (Important i n  convert ing from 
pounds of production t o  Btus). Special parameters 
are used. i n  the cost ing of the Ind iv idua l  work- 
overs. The model automatical ly calculates the 
base case cost f o r  each workover type bu t  allows 
the user t o  change the basis fo r  cost calcula- 
t ions.  Far example, by use o f  the special param- 
e te r  the user can change the number o f  shots per 
foo t  1 n cemeted pe r f  orated comp 1 e t  ions. 

Use of the model i s  not l im i ted  t o  those 
workovers already programned i n t o  it. Engineering 
calculat ions . f o r  the cost, frequency, duration, 
and effect lvenesr o f  a new workover can be input 
d i r e c t l y  i n t o  the model. 
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TABLE 1. MODEL PARAMETERS 

P M T f R  VALUE TYPE OF ?MAMETER 
blITIAL uELL FLOV 1 PQOOUCTIYITV 

1NFLATIffl FACTOR 

H L L  L I F E  

STUOV PERIOO 

VELL fLW LOSS 

INITIAL WLAV 

CAPITAL COSTS . N L L  - mnEn 
WKOVER 

* COSTS - FREQNMCV - WRATIOll - C f F f C I I V E L S S  

ROUTINE OlEl - Y L L  - OTnER 

PER POVND PROMKTIDI COSTS 

REPAIR 
* COST - TI*  - DuuTIffl - EFFECTIVENESS 

1 

0.00878nO 

O.oobOS/M 

1 

360.m 

O.l2S/M 

0.0 )1D 

1 
2 

2 
2 
z 
2 

1 
2 

z 

llZ1.000. 
999. m 
0.33 m 
4 o I  

L11.OOO. 

PQODUCTIVITV 

f INANCIAL 

FIWANCIAL 

SCHEMLE 

SCnEDUE 

P R O W t l I V l T V  

SCHEDUC 

CAPITAL COSTS 

tOWT1NUIff i  COSTS 

CMcTIf lUIf f i  COSTS 

WNTINUIMG COSTS 
SCMWLE 
S N D U L  
PRoouc l Iv ITv  

1 RESOURCE #PENDENT VALUE 

2 WNFIcUnATIffl MO UYQ DEPENDENT VMUE 

Cant i nu 1 ng Cost Parameters 

There are five basic continuing cost 
parameters: workover costs, routine OtM costs, 
costs per pound productlon. repalr costs, and 
abandonment costs. 

Workcver costs are the costs to workover 
a well such as those for bringing In a workover 
riv to mechanically drill and ream out scale. 
On y the cost of the speclfic workovers selected 
by the user are included In the total cost of the 
well. Costs of the workovers are put into the 
cost stream at the times determlned by the 
workover schedule. Routine OW costs include 
labor to operate the well, materials and supplies, 
and maintenance. Routine OW includes a flat 
yearly amount ($54,000/yr), plus a percentage of 
the well capltal cost (3%). plus a percentage of 
other capital cost (varying dependlng upon the 
usage of the well). 

Per pound productlon costs are the oper- 
ating costs that depend on the amount of produc- 
tion. Examples are the electrlcity cost for down- 
hole pumps and chemical costs for chemical inhlbl- 
tlon. 

The repair of a well i s  a one-time event 
such as the repair of a casing failure by cement- 
ing in a llner. This operation connot be repeated 
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and changes the profile and productivity of the 
well. 

Productivity and Schedule Parameters 

There &re five basic productivity param- 
eters: inltlal well flow, reservoir decline rate, 
well flow loss, workover effectiveness, and repair 
effectiveness. Flgure 1 shows the productivity 
and schedule parameters. 

Figure 1. Uorkover and Production 
History Illurtratlon 

There are s i x  schedule parameters: well 
1 lfe, study perlod, workover frequency, workover 
duration, repalr time, repair duration, and inl- 
tial delay. The GEOCOM model allows up to three 
types of workovers to be scheduled. The frequen- 
cies of the workovers are mutually independent. 
The model calculates the combined workover sched- 
ule and determines cost and productivity appro- 
priately. 

The initial delay parameter allows for 
inclusion of the effect of the delay between when 
the well i s  drilled and when the power plant i s  
first on-line. The reservofr decline rate para- 
meter f s  used to take into account the production 
or injection decline of the entire reservoir. The 
flow of indlvldual wells may also decllne because 
of dama e to the well o r  scaling of the well. 
These ejfects are taken into account by the flow 
loss parameter. &en a workover Is performed the 
flow rate of the well can recover only well loss, 
not reservoir decline. In cases where the work- 
over i s  not looX effective, recovery is not com- 
plete. 

If the study' period, e. power plant 
llfetime, Is more than the well !iie, the model 
combines the approprfate number of completed well 
lives plus a partial one. For the partial well, 
It prorates the initial capltal cost according to 
the fractlon of production during the partial well 
llfe divided by productlon of the whole well life. 
Contlnulng costs and benefit are taken as the val- 
ues accumulated up to the end of the partial well 
llfe. All values for the wells needed after the 
initiat ones are discounted and lnflated to pre- 
sent value when the first well was drllled. 
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SUMMARY 

The results of the GEOCOM project are three 
fold: the establishment of a data base for study- 
ing geothermal completions, the development of the 
GEOCOM model, and preliminary case/sensitivity 
studies. The data base is included in the model 
in the form of default parameters. The GEOCOM 
code is documented in a Sandia report. The pre- 
liminary caselsensitlvity studies have been re- 
ported elsewhere and are also in the Sandia docu- 
mentation (Carson et. al.). 

The model uses the ratio between life-cycle 
cost and life-cycle production or injection as a 
measure of effectiveness and provides sufficient 
flexibility to allow comparisons between the vari- 
ous completion and workover alternatives for wells 
in order to aid In management direction of a tech- 
nology development program. 

The GEOCOM model is an analytical tool 
designed to assist the evaluation of the cost 
effectiveness of a geothermal well. Specifically, 
it will aid in integrating engineering economics, 
operations, resource characteristics, etc. into a 
single measure of the value of a well. It will 
automatically account for such things as time- 
value-of-money, reservoir depletion, etc. The 
model provides a quick method of comparison to 
base-line conditions and a structure for consis- 
tent analysis. The strength of the model lies in 
its ability to perform calculations of cost effec- 
tiveness for multiple values of parameters. It 
can thus be used for sensitivity studies or optim- 
ization. 
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