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Abstract 

NOTICE 

sponrared by the United States Covcrnmnt. Neither he 
United Starer nor the United Stater Department of 
Energy, nor any of their employees, nor any of their 
contractar8, subcantractan. or their employees. makes 
any warranfy. express or imphed, or a~urnes any legal 
liability or roponribility for the accuracy, completeness 
or usefulness of any information. appuatus. product or 
process disclosed. or feprrsents h a t  11s uoc would not 

The Drilling and Completion portion of the long-range 
Geothermal Well Technology Program is presented. A nine-year 
program is outlined based upon an objective of reducing the 
cost of geothermal energy development and providing a major 
stimulus to meeting the power-on-line goals established by 
the Department of Energy. Major technological challenges to 
be addressed in this program include improvements in geothermal 
drilling fluids, downhole drilling motors, rock bits and the 
development of high flow rate, high temperature completion and 
reinjection techniques. In addition, fundamental studies will 
be conducted in drilling energetics to improve the understanding 
of drilling mechanics. This will lead to advanced development 
of high performance, low cost geothermal drilling systems, 
This program plan has been prepared for the Division of 
Geothermal Energy of the Department of Energy. 
J( 

This work was supported by the United States Department of 
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G EO TH E KMAL WELL T 1: C 11: NO L 0 C; Y 
DRILLING AND COMPLETION PROGRAM P L A N  

S A N D 7 7 - 1 6 3 0  

I. THE GEOTHERMAL WELL TECHNOLOGY PROGRAM 

A. The Role of Well Technology in the Geothermal Encrgy 
Program 

Thc powcr-on-line goals of the National Ccothcrmal 
I:ncrgy Program arc 3,000 MWe by 1985 and 20,000 MWc by thc 
) .car 2000.1 
n c \ ~  gcothcrmal wells will be required by 1990 ( s e e  Table I). 
Furthermore, it is estimated that between 30 and 7 0 %  (depending 
on reservoir temperature and conversion cycle) of the cost of 
geothermally generated electric power will result directly 
from the cost of drilling and completing these geothermal 
wells. Electricity generated from many of the geothermal 
prospects which are projected to contribute to the 1985 goal 
is expected to be marginally competitive with power from other 
sources. This is due in part to high well cost. Reductions in 
geothermal drilling costs will have direct impact on both the 
amount and the rate of geothermal energy development because 
reduced well costs will result in significant reductions in thc 
cost of exploratory and development drilling and in the cost of 
power generated by the geothermal plant. As the cost of geo- 
thermally generated power becomes more economically attractive, 
risk capital for development will become more available and 
utilities will accelerate their capital investments in geotherma 
power. Also, the need for large cash flows in the early stages 
of the development cycle will be reduced and thus make a more 
aggressive exploration program possible. 

is presently two to four times 3 , 4 p 5  that of comparable oil/gas 
wells of the same depth, and larger diameter holes are frequently 
used to achieve acceptable flow rates in geothermal wells, 

To meet these goals, it is estimated' that 8,000 

The cost of drilling and completing geothermal wells 
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T a b l e  I .  E s t i m a t e d  Number of  Wells 2eq i i ; r -d  i n  t h e  \ ; a t i c n a l  G e o t h e r m a l  E n e r g y  P r o g r a m -  

\ P r o s p e c t  

G e y s e r s  ( s t e a m )  
B r a z o r i a  
S a l t o n  S e a  
V a l l e s  C a l d e r a  
B r a d y  
Braw l e y  
R o o s e v e l t  
B e ow avi e 
c o s 0  
Mono-Long V a l l e y  
Cove F o r t  S u l f u r d a l e  
H e b e r  
G e y s e r s  ( h y d r o )  
East  Mesa 
S t e a m b o a t  
S u r p r i s e  V a l  l e y  
Ch a n d 1  e r 
Leach  
C a l c a s i e u  P a r r i s h  
B r un e a u  - G r a n d v  1 ew 
Lass e n  
Kenedy Coun ty  
A l v o r d  
bla t a g o r d a  
Cameron 
A c a d i a  
C o r p u s  C h r i s t i  
S a f f o r d  
We i s e r / C r a n e  C r e e k  
V a l e  
Thermo 
R a f t  R i v e r  
G l a s s  b l o u n t a i n  
Ha\ \ .a i i  
! I t .  Hood 
C a s c a d e s  
I<'. Y e l l o w s t o n e  

1 9 7 8  

74 
0 
0 
0 
5 
0 
0 

__ 

5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 - 

1 9 7 9  1 9 8 0  1 9 8 1  1 9 8 2  1 9 8 3  1 9 8 4  1985 

5 1  79 55  66 4 4  22 23 
0 0 1 0  0 0 35 5 
0 0 1 2  5 1 9  1 6  1 7  
0 0 1 6  5 1 38 1 
0 0 2 2  5 2 29 2 
0 0 1 5  0 1 6  6 2 7  
0 0 1 3  5 1 1 9  1 
0 0 1 6  5 1 2 2  1 
0 1 0  0 5 25 25  2 6  
0 1 0  0 0 25 0 4 1  
0 1 0  0 0 2 4  0 2 5  
0 0 0 0 28 0 30 
0 5 0 5 45 4 5  48 
0 0 0 0 27 5 2 
0 1 0  0 0 23 5 2 
0 0 1 0  0 0 35 5 
0 0 1 0  0 0 2 8  0 
0 0 0 1 0  0 0 34 
0 0 0 1 0  0 0 60 
0 0 0 10 0 0 19 
0 0 0 1 0  0 0 16 
0 0 0 10 0 0 60 
0 0 0 1 0  0 0 1 9  
0 0 0 1 0  0 0 60 
0 0 0 1 0  0 0 60 
0 0 0 1 0  0 0 60 
0 0 0 1 0  0 0 6 0  
0 0 0 1 0  0 0 19  
0 0 0 0 10 0 0 
0 0 0 0 10 0 0 
0 0 0 0 10 0 0 
0 0 0 0 5 0 0 
0 0 0 0 0 0 10 
0 0 0 0 0 0 1 0  
0 0 0 0 0 0 10 

- - __ - - - __ 

0 0 0 0 0 0 1 0  
1 0  0 0 0 0 0 - - ~ __ __ 0 -  

1 9 8 6  

23  
1 2 6  

2 1  
40 
5 3  
27 
20 
23  
6 7  

6 
6 
7 

5 1  
29 
30 
37  

7 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
0 

47  
47  
1 9  
8 1  

0 
0 
0 
0 
0 

__ 

__ 

1 9 8 7  

23 
1 2 6  

22 
8 
9 

28 
7 
7 

6 3  
4 

26 
55  
54 

2 
2 

67  
7 
7 
7 
6 
1 
7 
6 
7 
7 
7 
7 
1 
5 
5 
0 
0 
0 
5 
0 
0 
0 

__ 

__ 

1 9 8 8  

23 
250 

23 
42 
56 
29 
34 
40 
67 
44 
26 
55 
57  

4 
50 
6 9  
5 8  
4 1  
67  
44 
1 7  
67  
25 
67  
67 
67  
6 7  
1 

9 2  
50 

6 
82  
24 
29 
72 
38 
72 

- 

__ 

1989  

23 
254 

24 
4 2  
56 
30 
34 
40 
11 

4 
46 
58  
60 

4 
4 

73 
30 
75 
67  
44 

__ 

1 
6 7  
25 
6 7  
07  
67  
67 
1 

92 
50 

6 
6 
0 

5 3  
0 
0 
0 - 

T o t  a 1  8 4  5 1  1 2 4  1 7 9  2 1 1  316 3 31' , 7 3  81 ;  5 5 8  1 9 2 2  1 5 4 8  

1 9 9 0  

2 3  
26 2 

25 
44 
59 
31 
35  
42 
1 5  

7 
47  
6 1  
6 3  

4 
7 

77 

- 

6 
77 
1 2 4  
47  

2 
69  
26 
69 
69  
69  
69 
1 

98  
5 3  
44 
1 2  

2 
55 

5 
3 
5 

1 7 0 7  

- 

T o t a l  

529  
1 0 6 8  

1 8 4  
237  
298 
209 
1 6 9  
202 
314  
1 4 1  
210 
294  
4 3 3  

77 
1 3 3  
3 7 3  
1 4 6  
249 
340 
1 7 5  

52 
285  
1 1 6  
285 
285 
285 
285 

33 
344 
215 

8 5  
1 8 6  

36 
152  

87  
5 1  
8 7  

8650 

- 
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‘I’hesc high costs arc duc primarily to thc dcgradcd performances 
of standard petrolcum drilling methods, materials and tools 
wlicn applied in the geothermal environrncnt. Thc high tcmpcra- 
tures of the rock formation and the corrosivc nature of many 
gcothcrmnl formation fluids lead to conditions which exceed 
the design limitations of currcnt drilling equipment. 6 , 7  

addition, the producing zones of most gcothcrmal reservoirs 
are composcd of thermally altered, fractured hard rock which 
l cnds  t o  slow a n d  thcrcforc cspcnsivc tlr i 1 1  ing. 

a1 1 aspccts of well drilling and cornplction. Virtually all 
equipinent cxposed to geothermal borcho 1 c conditions displays 
dcgraded performance. It will be necessary to develop improved 
designs with new materials capable of operating in these harsh 
environments in order to reduce the cost of geothermal wells. 

geothermal reservoirs also contribute to the high costs of 
drilling and completion. Geothermal reservoirs frequently 
exist in hard, highly fractured, metamorphic and igneous rocks. 
Drilling of these formations is difficult and slow. Well sites 
are often located in remote areas with very difficult terrain, 
where site preparation and transportation costs are very high. 
In addition, environmental concerns have increased the difficulty 
of obtaining drilling permits. The problems of site location 
and environmental concerns have increased the practice of 
drilling several wells from a single location. The wells are 
directionally drilled to provide adequate separation in the 
reservoir. Improvements in directional drilling techniques for 
geothermal environments are necessary to realize the full benefit 
of the cost savings that can accrue from this technique. 

part of the overall DGE effort to develop national geothermal 
resources. Since drilling and completion costs account for a 
substantial portion of the cost of on-line generating capacity, 
reductions in the cost of geothermal wells will have strong 
impact in increasing the development of geothermal energy. 

In 

1Jnfortunately, temperature and corrosion problcms a f f e c t  

Certain aspects of the lithology and location of 

The Geothermal Well Technology Program is an essential 

3 
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I~’urthcrmorc, the scientific and engincering resources are 
avnilable now to cffect a substantial reduction in these 
important costs. 

13. Annroach to Prorrram ImDlementation 

1. Program Objective 

The objective of this program is to develop and 
commercialize the technology required to reduce the cost of 
drilling and completing geothermal wells. An analysis of 
existing geothermal wcll cost data indicates that technologi- 
cal improvements, such as higher penctration rate, longer life 
r o c k  bits, higher temperature drilling fluids, improvcd 
completion techniques and improved directional drilling 
techniques, have the potential for reducing the cost of geo- 
thermal wells drilled with conventional rotary technology hy 
approximately 25%. (See Appendix A for an example of how 
technological improvements can reduce well costs.) Further cost 
reductions will require the use of new drilling techniques, 
e . g . ,  water jet drilling, downhole rnotors with flexible tubing, 
etc. Research in these and other novel methods is presently 
underway, and the successful implementation of new techniques 
could reduce well costs by as much as 50%. Based on these facts, 
cost reduction goals of 25% by 1982 and 50% by 1986 (in constant 
1977 dollars) have been set for this program. Achievement of 
these goals will provide a substantial contribution to DOE’S 
geothermal power-on-line goals. 

2. Program Approach 

The desired approach in this program is to define 
goal-oriented research tasks and to relate the expected reduction 
in geothermal well cost to each g o a l .  For example, a determina- 
tion of the reduction in geothermal well cost attributable to 
improved penetration rates can be used to set research goals 
for development of improved bits and downhole motors. At the 
present time, insufficient data is available to allow this 

Q 

Q 
quantification for all reservoir types and for all potential 



dcvelopnicnt tasks. This l c a d s  to a requirement for systems 
studies in the carly phases of this program to establish a frame- 
work for assessing the impact of technological improvements on 
well cost. Concurrently, research tasks with well known potential, 
such as improved penetration rate, will be initiated. 

calls for the following: 
Development strategy for this program, thercforc, 

a) Studies to identify thosc arcas of gcothcrmal 
well technology in which i.mprovcmcnts can 
lcad to signi.ficant cost rcduct ions 

b) Systcms analyses to dctcrminc the cost/bcncfit 
ratio of improvements in each identifiable 
area as an aid to establishing goals and 
planning the program 

cj Research, development and testing necessary 
to achieve program goals 

dj Commercialization of new technology through 
industrial participation in all phases of the 
pro gram, 

3. Areas of Potential Cost Reduction 

The total cost of drilling and completing a geo- 
thermal well consists of a number of factors, but the single 
largest contributor is the payment to the drilling contractor. 
This cost is determined by the amount of time the rig is on 
location and generally ranges f rom 20 to 40% of the total well 
cost. Approximately one-half of this time is spent in actual 
drilling. The cost incurred while drilling, i.e., the footage 
cost, can be reduced by technological improvements in bit and 
rig design that increase the instantaneous penetration rate, 
extend bit life and reduce overall drilling time. 

Charges also accrue during times when the rig is on 
location, but no drilling. This non-rotating time is spent in 
running casing, fishing for lost tools or pipe, waiting on 
cement, etc. Reductions in the cost of the rig time and ser- 
vices associated with non-rotating activities are possible 
through the development of more efficient completion methods and 
improved fluids and cementing procedures which will reduce 
the likelihood of failures in the well. 

5 



Other factors which contribute to well cost include 
s i t e  preparation, cementing and logging services, transporta- 
t i o n ,  equipment rental, and completion costs. 

Areas where technological improvements can potcn- 
t i a l l y  contribute to cost reduction are discussed below. 

a)  Dri~ll Bits 

The effectiveness and useful life of conventional 
rock bits is reduced by several high temperature effects. 
l:la>tomers are frequently used to seal lubricated bearing< i n  

roch bits. Under high temperature and pressures these rubber 
or rubber-like substances become brittle or djsintegrate. As 
a result, unsealed bearings that are lubricated only by the 
d r i l l i n g  fluid arc o f t e n  employed i n  g e o t h e r m a l  wells. Such  

h i t s  have reduced life due to excessive bearing wear caused by 
solids in the drilling fluid. These factors combine to reduce 
the useful life of the bits. 

Diamond bits provide a partial solution to these 
problems, but they are expensive and their rate of penetration 
is low. Degraded bit performance increases rotating rig costs 
h y  extending the time required to drill the well. A reliable, 
long-lived, rock bit capable of high penetration rates in hard 
rock at geothermal temperatures is needed to reduce well costs. 

b) Drilling Fluids 

New bit development is an important part of 
this program; however, programmatic goals cannot be achieved by 
reductions in rotating time (time spent actually drilling) 
alone. Reductions in other areas must also be achieved. Non- 
rotating rig time is a necessary part of drilling and completing 
a well. However, this time and the resultant cost can become 
excessive when problems are encountered during drilling and 
completion operations. These problems include fishing opera- 
tions, sticking drill pipe and well control difficulties. In 
many geothermal wells, problems of this type can be traced 
directly to the lack of a suitable high temperature drilling 



fluid. Drilling fluids lubricate and c l e a n  the rock h i t ,  carry 
cuttings to thc burface and control formation prcssurcs. 
Conventional dr i 1 ling muds have thc undcs i rrthlc property of 
th i chcning and s o l  i d  i fying whcn heated to gcothcrmal tcmpcra- 
tiircs . Th i s c f  f e c t  is particularly pronounced whcn c i  rcul at i on 

i s  stoppctl for h i t  changes and for logging. ‘l’hc drill striiig 
ru:i)r stick or logging tools fail to d c s c c n d  whcn this occurs. 
I tirtliermore, lubricating and anti-corros i o n  a d d  i t i v c t s ,  w h  ic.11 

:irc sonict iines arldcd t o  the mud, oftcn losc thcir cffc>ctivcnrsc; 
; i t  h i g h  tcmpcratiit-cs. 1 : a i l u r c  of tlic mud to pcrforiri  p r o p e r l y  
~ ~ 1 1 1  rcstilt i n  secondary frtilurcs w h i c h  may he  very c \xpc>ns  ivc to 
correct, c.g., d r i l l  stcm twist-off and lost tools. 1 h c 7 c  

hccondary failures are major contributors to non-rotating rig 
c o s t s  and often rcquire extensive and expcnsive specialized 
scrvices to correct. Also, expensive delays occur if the 
complcte mud system must be replenished. It has been estimated 
that fluids and fluid related problems may comprise up to 30% 
of the cost of a geothermal well. 

E 

An additional fluid relatcd problem in some 
geothermal reservoirs is that conventional drilling fluids may 
severely impair the flow in production zones. Suspended solids 
in the mud that are designed to prevcnt lost circulation can 
filter into highly permeable, low pressure zones. This filtra- 
tion can, under high temperature conditions, rcsiilt in filter 
cake buildup that severely limits production of the geothermal 
w e l l .  In these cases aerated drilling fluids are used. 

Air drilling is effective in competent forma- 
tions but produces erosion of the drill string from cuttings 
traveling up the annulus at sonic speed. Higher rotating costs 
are incurred due to frequent inspection, replacement and erosion 
treatment of the drill pipe. In addition, formation pressures 
are difficult to control with air. Water is an attractive 
alternative in some cases, but it can become contaminated by 
dissolved gases and solids and can flash to steam unless cooling 
towers or other methods are employed to reduce its temperature. 
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Based on these observations, it appears that 
iiiipi-ovcments in high temperature drilling fluids can be cf Ccctivc 
i n  reducing overall well cost. This topic will thereforc he 

;Itltli-cssed in this program. 

c) Downholc Motors 

In many instances, well sites arc located in 
rcinote areas in rugged terrain. ?'hi; usually results in vcry 
high site preparation costs. In addition, cnvironmental con- 
ccrns incrcasc the difficulty and cost of obtaining drilling 
permits. These facts encourage the drilling of multiple wells 
f rom one location. Accurate directional drilling is required to 
effect multiple completions from the same location and can 
result in lower overall well cost. In the long-term, improved, 
h i g h  horsepower, downhole motors with bits designed for high 
.;peed operation offer the potential f o r  both directional and 
straighthole drilling improvements. The power applied to the 
r o c k  face with current rotary technology is limited to about 
3 0  horsepowcr. Advanced motors and bits should allow the applied 
power to be significantly increased with a corresponding 
reduction in time and costs. In addition, many geothermal 
formations are highly fractured and considerable directional 
drilling is required to correct deviations. Present downhole 
motors utilize elastomeric materials for both seals and major 
structural members. These materials degrade severely at high 
temperature. In addition, the high rotational speed of these 
motors is not compatible with conventional roller cone bits. 
Diamond bits with their slower penetration rates are often used. 
Directional drilling in the geothermal environment is therefore 
presently characterized by frequent tripping out to repair the 
motor, change the bit, and survey the hole. All add to drilling 
cost. Improved designs for downhole motors and bits have the 
potential for substantially reducing the cost of both directional 
and straighthole geothermal drilling. 



c l )  Wcll Complct ions 

‘l’hc rcquircments and tcchniques for complct i nf:  
gcothcrnial wclls vary substantially with reservoir type. 
llowcvcr, virtually all gcothcrmal wells rcquirc some c a s i n g  a n d  

ccmcnting. Cements tend to set up quickly at geothermal tcmpcra- 
turcs. Retardants arc addcd to increase thc sct-up time. Thc 
propcr amount of retardant is dependent upon the horcholc 
tcmpcrnturc. Unfortunately, it is difficult to accuratcly 
predict t h c  proper amount  of rctardant to IISC. liarly ccmclnt 
s e t - u p  can rcsult in vcry expcnsivc squccz ing opcrations. 
Convcrscly, the u s e  o f  too much rctardant can dclay or cvcn 
preclude the setting up of the cement. In either case, delays 
and added expcnse are the result. Research directed at improving 
h i g h  temperature cementing techniques can be effective in 
reducing completion costs. 

In some reservoirs, particularly the geo- 
pressured zones, extremely high flow rates are required for 
economic viability. These rates can result in high sand pro- 
duction. In hydrothermal reservoirs, severe scaling may occur 
if geothermal fluids flash to steam in the wellbore. In either 
case, frequent reworking of the well may be required to maintain 
a sufficient flow rate. It is therefore important to consider 
the life cycle cost of completing the well and to design the 
completion to minimize this cost. 

Disposal of geothermal fluids after energy 
extraction is usually accomplished by using reinjection wells. 
These wells are a l s o  subject to sanding, scaling and rework 
problems. To reduce the cost of geothermal wells, these prob- 
lems must also be defined, assessed and solved. 

Finally, stimulation techniques such as 
fracturing may be required in some cases to achieve economically 
acceptable flow rates. These techniques will require the 
development of packers which can operate at high temperatures 
for extended periods. Materials developments in the D O E / D G E  
Geochemical Engineering Program are expected to contribute 
substantially to the design of this equipment. 



- .  

e) Advanced Drilling ‘rechni.ques 

Several novel or advanced drilling methods 
7 have hccn proposed over the past several years. For example, 

electric sparks, electron beams, water jets, and projectiles 
liavc all been proposed for drilling in hard rock. Some of these 
novel techniques have the potential for increasing penetration 
rate and for utilizing smaller, less expensive rigs; however, 
problems exist in the implementation of many of these ideas in 
a n  actual field environment. Investigations of at least two of 
these approaches will be conducted in the Well Technology 
Program; namely, water jet drilling and drilling with high 
horsepower downhole motors in straight hole applications. Both 
these approaches offer the potential for increased penetration 
ri i tes and, thcreforc, lower well cost. In addition, it m a y  be 

p o s s i b l e  to use less expensive rigs with these two approaches. 
As other novel techniques are suggested or discovered, it will 
he necessary to evaluate the technical and economic feasibility 
of these approaches. An understanding of basic rock mechanics 
will be required to properly assess the technical feasibility 
of new concepts. For this reason, a research program in rock 
mechanics, as it relates to the drilling operations, will be 
initiated. The thrust of this program will be to develop an 
understanding of the energetics of removing rock. Practical 
applications of this research are expected to yield new tech- 
niques for drilling that are less expensive than conventional 
rotary techniques. 

4. - Procedure for Defining KF,D ‘Tasks 

As outlined in the previous section, there are 
several areas in which technological improvements will yield 
reduced geothermal well cost. As a result, many research 
tasks can be proposed which will contribute to the overall 
goals. However, resource limitations dictate that those 
research tasks that have the potential for achieving signifi- 
cant, near-term reductions in well costs be identified and 

n 



rcccivc primary emphasis in tcrms of rcsourcc allocation. ‘ 1 ‘ 1 1 ~  

part ic i pat ion of the DOl;/I)Cl; Mission Team 1,cadcrs and of pri - 
vatc industry in thc idcntification of thcsc tasks will h c  
cncourngcd. I n  addition, analytical models wi 11 bc developcd 
a n d  usecl to c v a l u a t c  the rclativc mcrits of alternative pro- 
posals and designs. 

Closc communication between the DOl:/uCE Mission ‘I’cam 
1,cadcrs and the Drilling and Completions Program Managcr will 
b c  lnijintail1cct to insurc that any unique regional drilling 
rc‘qiii rcincnt..; a r c  addrcssccl in thc Uril 1 i n g  a n d  Coniplct i o n s  

1’rogr;iiii. Thc Department of Energy field program provides a 
U I I  i q u c  opportunity to tcst new hardwarc dcvclopcd undcr thc 
Drilling and Completions Program. Suggcstions for RGD tasks 
will b e  solicited from the Mission Team Leadcrs at the outset 
of the Drilling and Completions Program and a continuing 
interaction between the two programs will b e  maintained. 

Industrial participation in the identification of 
research tasks is an important part of the program strategy. 
Inputs are being solicited from the Geothermal Well Technology 
Panel, which is comprised of drilling equipment manufacturers, 
drilling contractors, service companies, operating companies 
and laboratory and Government representatives. This panel, 
which was formed to oversee this program, will be convened 
periodically to review the elements of the Well Technology 
Program, to suggest areas where further research is needed and 
to advise of program priorities. This joint industrial/Govern- 
ment involvement will encourage the rapid commercialization 
of new technology. 

Finally, technology-based cost sensitivity models 
will be developed in order to provide a decision framework for 
allocating resources among the various program tasks. Suggested 
research topics will be analyzed from the standpoint of cost/ 
benefit ratio to insure that all funded tasks will contribute 
to programmatic goals. This model may also be u s e f u l  to 
Mission Team Leaders in predicting funding requirements for 
ensuing years for their f i e l d  drilling programs. 



Some of the technical issues which will be 
in geothermal well technology are shown in Figure 1, a 

addrcs5ed 
ong with 

t h e  tash identification strategy. Many of the issues arc inter- 
related, e . g . ,  improvements in elastomer performance at high 
temperature may result in improved bit life; bit design is 
influznced by the drilling fluid, etc. The cost sensitivity 
model will aid in assessing these interrelationships and the 
sensitivity of total well cost to each issue. The impact of 
the successful completion of a proposed task on the total wel l  

cost \%ill be assessed using the cost sensitivity models. 
Continuing discussion between the Mission Team Leaders, the 
Geothermal Well Technology Panel and the Sandia Program Manager 
will assure that the proper research plan is established, 
reviewed, updated and followed. It should be emphasized that the 

cost sensitivities may be different for a given task in 
different reservoir types. Hence, it is important that informa- 
tion transfer between the Sandia Program Manager and the Mission 
Team Leaders be performed in a timely manner. 

It is also important that close communication be 
maintained with the DOE/DGE Geochemical Engineering Program. 
This program is developing high temperature materials that will 
he extremely useful in the design of h i g h  temperature bits, 
downhole motors, packers and blowout preventers. The Drilling 
and Completions Program will assume the responsibility for field 
tcsting of the new materials as they err,erge. 

5 .  Program Implementation 

Implementation of the research tasks that are identi- 
fied will be primarily through contracts with private industry 
and universities, However, supporting in-house research will 
be conducted when appropriate. 

Contracts will usually be awarded on a competitive 
basis, and activities involving joint funding by Government and 
private industry will be encouraged. Jointly funded programs 
are desirable because the Government funds are leveraged by 
industry funds. In addition, past experience indicates that 
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D e f i n i t i o n  of  Needs 

0 DOE/DGE Miss ion  Teams 0 Cur ren t  D r i l l i n g  P r a c t i c e  

0 Geothermal Well Technology Well Cos t  Data  
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0 Novel D r i l l j n p  Svsterr 

I I 

Task D e f i n i t i o n  
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Figure 1. Task identification strategy 
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the drilling servicc companies are more willing to work on this 
1) : i s js  sincc their current patents are not jeopardizcd. T h e  ncw 
-tccIinology will be commercialized quickly by the company 
i i ivo lvcd  in the development. In the university sponsored work, 
Sandia will provide the interface between the university and 
industry to assure that the results are made available to the 
drilling industry in a timely manner. 

The question of patent rights is a major impediment 
to active industry participation in the D O E / D G E  technology 
program. Industry is reluctant to accept Government funds for 
devclopment worh if the company's competitive position might be 
jeopardized by public disclosure. In some cases it may be 
necessary to grant exclusive patent rights to participating 
c o m p a n i e s .  C o n t r a c t u a l  a r r a n g e m e n t s  wh ich  a l l o w  p r i v a t e  i n d u s t r y  

t o  participate in joint research programs while not compromising 
their competitive p9sition will be sought. This strategy is 
designed to involve industry to the fullest extent in technology 
development so that commercialization of new technology is 
cricouraged. 

Rapid commercialization is necessary to achieve the 
goals of the program. Industry acceptance of new techniques is 
predicated on the proven reliability and economic benefit of the 
technique. It is necessary, thereforc, to thoroughly demonstrate 
the technical and economic viability of new concepts. Toward 
this end, laboratory and field testing programs will be an 
integral part of the Drilling and Completions Program. New 
concepts will first be tested under laboratory conditions; 
industrial involvement in follow-on field tests will then be 
encouraged. Operating companies, drilling contractors, equipment 
manufacturers and service companies will be encouraged to observe, 
participate, evaluate and comment on these tests. In addition, 
test results and major program developments will b e  made 
available through publication in the open literature and pre- 
sentations at technical meetings. n 



[:. __ Mi lcstonc Schedule and Rudgct 

An cstiniatc of the levcl of cffort rcquircd to reach 
the program goals, major program elements and cost arc prc- 
sciitcd in this section. These estimates are preliminary and 
will 1,c rcviewcd and updated as the well cost data basc and cost 
scnsitivity analysis programs evolve. It is estimated that a 
conccntratcd effort will be required over a ninc-year period to 
reach the goals of the Drilling and Completion Program. 

two  Lcvcls. 1,cvcl A reprcscnts a minimum program budgct w h i l c  
Lcvcl R reprcscnts the cnhanced budgct. With Level A funding, 
the primary program thrust will be directed at making improve- 
mcnts in conventional rotary drilling. It should be possible 
to achieve the 25% cost reduction g o a l  at this level of effort 
but funds would not he available to investigate and develop thc 
more advanced technology necessary to reach the 50% cost 
reduction goal. In addition, the timing required to reach the 
25% cost reduction goal would slip approximately one year to 
1983. The major program milestones for the minimum budget are 
presented in Figure 2, and the annual funding required to support 
this program is presented in Figure 3. During F Y - 7 8 ,  a goals- 
oriented program plan will be formulated to illustrate the 
approach that will be taken to reach the 2 5 %  cost reduction. 
This plan, which will be developed as the drilling and completion 
model evolves, will provide the rationale for program element 
selection and also provide a means for measuring the progress 
o f  the program vs the projected milestones. 

‘Tlic projccted budget and milcstoncs a r c  prcscntcd in 

Level B funding will provide the resources necessary 
to reach the total program goals of 25% well cost reduction by 
1982 and 50% cost reduction by 1986. The major program mile- 
stones are presented in Figure 4 and the annual funding required 
to support this program is presented in Figure 5 .  The major 
new areas that will be pursued in the enhanced program include 
the initiation of basic drilling energetics studies and advanced 
systems development in FY-79. The thrust of the basic work will 
be to determine the most efficient, reliable mode of rock 
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P r o g r am E 1 e me n t s 
P ro  g rain 

FY77 FY78 FY79 FY80 FY81 FY82 FY83 FY84 FY85 FY86 T o t a l s  - - _ _ - _ _ _ _ _ - ~ _ _ _ _ _ -  

1. High P e r f o r m a n c e  B i t s  1 4 3 8  5 2 0  700  7 0 0  750 7 7 5  7 7 5  7 2 5  4 0 0  200  6 9 8 3  

2 .  Downhole Plotors 
a .  D i r e c t i o n a l  Systems 8 8 3  5 0 0  6 0 0  7 0 0  750  550 8 5 0  800  5 0 0  2 0 0  6 6 3 3  
b .  S t r a i g h t  Hole Sys t ems  0 0 0 0 0 0 0 0 0 0 0 

3. High T e m p e r a t u r e  F l u i d s  2 7 9  3 5 0  6 0 0  7 0 0  700  750 750  750 3 2 5  3 0 0  5504 

4 .  Comple t ions  Technology 
a .  P r o d u c t i o n  We11 

Techno logy  8 5  1 5 0  400  4 5 0  400  4 2 5  4 2 5  4 2 5  400 300 3 4 6 0  
b .  R e i n j e c t i o n  !Vel1 

Technology 0 1 0 0  3 5 0  3 5 0  4 0 0  4 2 5  4 2 5  4 2 5  4 0 0  300  3175 
c .  Workover Technology 0 0 2 0 0  2 5 0  300  3 2 5  3 2 5  3 2 5  2 7 5  300  2 3 0 0  

5 .  B a s i c  Resea rch  and Advanced 
D r i l l i n g  Sys t em Development 

a .  B a s i c  D r i l l i n g  Y e c h a n i c s  0 0 0 0 0 0 0 0 0 0 0 
b .  System S t u d i e s  & 

c .  -4dvanced Sys tem 
S u p p o r t i n g  Resea rch  370 8 0  1 0 0  1 0 0  1 0 0  1 0 0  1 0 0  1 0 0  100 1 0 0  1 2 5 0  

Development 5 5 0  0 0 0 0 0 0 0 0 0 550 

6 .  S u p p o r t i n g  Technology 
a .  Management & P l a n n i n g  7 8  3 0 0  3 5 0  400  4 0 0  400  4 5 0  4 5 0  4 5 0  450  3 - 2 8  
b .  N e w  M a t e r i a l s  

c .  F i e l d  T e s t i n g  S u p p o r t  0 0 2 5 0  3 0 0  350  4 0 0  4 5 0  5 5 0  6 0 0  1 0 0 0  3300  
4pp 1 i c a t i o n s  5 5 8  0 50 5 0  50 5 0  5 0  50 5 0  50 ‘3 S S  

T o t a l  Ob 1 i g . . i t  i o n s  by 
F i r c a l  \ C ~ I  4 2 4 1  2 0 0 0  3 6 0 0  4 0 0 0  4 2 0 0  4 5 0 0  4 6 0 0  4600 3 5 0 0  3 2 0 0  3 8 4 1 1  

F i g u r e  3 .  Geo the rma l  Well Techno logy  D r i l l i n g  and  C o m p l e t i o n s  Program 
L e v e l  A O b l i g a t i o n s  - -  Minimum Budget 
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P r o g r a m  E l e m e n t s  
P r o g r a m  

FY77 FY78 FY79 FY80 FY81 FY82 FY83 FY84 FY85 FY86 T o t a l s  ---- 
1. High  P e r f o r m a n c e  h t s  1 4 3 8  520 1 0 0 0  1200  1200  1 2 0 0  8 0 0  700 400 Z O O  8658  

2 .  Downhole M o t o r s  
a .  D i r e c t i o n a l  S y s t e m s  883 500 700 750 750 850 850  800 500 200 6 7 8 3  
b .  S t r a i g h t  H o l e  S y s t e m s  0 0 500 500 7 5 0  850  9 0 0  800  800  500 5600 

3 .  H i g h  T e m p e r a t u r e  F l u i d s  279  350 6 0 0  700 700 7 5 0  750 750 325 3 0 0  5509  

4 .  C o m p l e t i o n s  T e c h n o l o g y  
a .  P r o d u c t i o n  Well 

T e c h n o  l o g y  8 5  1 5 0  500 500 450 450 450 425  400 300 3710 
b .  R e i n j e c t i o n  Well 

T e c h n o l o g y  0 1 0 0  450  450 400 400 400 400 400 300 3300 
c .  Workover  T e c h n o l o g y  0 0 450 450  400 400 400 400 2 7 5  275 3050 

5. Basic  R e s e a r c h  a n d  Advanced  
D r  i 1 1 i n g  S y s t e m  Deve lopmen t  

a .  Basic D r i l l i n g  

b .  S y s t e m  S t u d i e s  and 

c. Advanced  S y s t e m s  

0 1 7 0 0  E n e r g e t i c s  S t u d i e s  0 0 300  350 350 300 200 100  1 0 0  

S u p p o r t  i n-g Res e a r c h  370  8 0  300  300 300 2 0 0  1 0 0  1 0 0  100  1 0 0  1 9 5 0  

Deve lopmen t  550 0 1 1 0 0  1 1 0 0  1450  1 7 5 0  1 7 5 0  1800 2000 1 0 0 0  1 2 5 0 0  

6 .  S u p p o r t i n g  T e c h n o l o g y  
a. Management & P l a n n i n g  78 300 500 500 550 6 0 0  6 0 0  600 600 500  4 8 2 8  
b .  New Mater ia ls  

App 1 i c a t  i o n s  5 5 8  0 500 500 400 300 200 200 100 100 2858  
c. F i e l d  T e s t i n g  S u p p o r t  0 0 600  550 700 850 8 5 0  1 0 0 0  1 0 0 0  1 0 0 0  6550  

T o t a l  O b l i g a t i o n s  by  
F i s c a l  Y e a r  4 2 4 1  2000 7500 7850 8400 8 9 0 0  8 2 5 ?  8 0 7 8  7000 4775  6 6 9 9 1  

Figure 5. Geothermal Well Technology Drilling and Completions Program 
Level B Obligations - -  Enhanced Budget 



failure, evaluate the more promising new drilling techniques, 
select the leading contender, develop and transfer this system 
to the drilling industry. In addition, the development of a 
h i g h  horsepower downhole motor with a high speed bit will be 
pursued as an alternate to rotary for rapid, straight hole 
drilling. This system promises an intermediate step in major 
drilling cost reduction and could be very efficient in both 
soft and hard geothermal formations when combined with a flexible 
drill pipe system. The scope of the completions development 
program will also be expanded to include well stimulation and 
additional high temperature downhole tool development to improve 
geothermal completion techniques. The Level E funding will allow 
a more balanced program to be conducted pursuing both conven- 
t i o n a l  rotary improvements and advanced techniques supported by 
the basic research programs. As in the Level A budget, a goals- 
oriented plan will be developed during F Y - 7 8  to outline the 
course that will be followed to reach the program goals. 

Many of the program elements for F Y - 7 8  are extensions 
of present work that is underway on bits, motors and fluids. 
New starts in F Y - 7 8  are directed at the critically important 
completions, reinjection and workover areas. These program 
elements are presently being defined, will be contracted in 
F Y - 7 8  and will be accelerated in F Y - 7 9 .  New starts in FY-79 
will include development of high temperature directional 
drilling systems, geothermal packers and other downhole tools. 
New work in F Y - 8 0  will include field testing of new high tempera- 
ture cements and initiation of development of improved well 
control equipment. 

It is anticipated that the Government investment can 
be leveraged by about a factor of two in joint industrial/DOE 
funded projects. Several cooperative programs are already 
underway with industry on an informal, cost-sharing basis. 
Prospects for additional ccst sharing activities are good. 
Industry representatives have often expressed willingness to 
field test the new downhole tools being developed in this 
program. Initial field testing will be done, where possible, 



in DOE wells, with subsequent field demonstrations done in 
cooperation with industry in industry wells. 

An adequate laboratory testing capability is a vital 
link in either level of this program. Downhole testing without 
laboratory backup is a high risk means of obtaining development 
data. The availability of a well instrumented, laboratory 
drilling environmental simulator is considered to be essential 
to the success of this effort. Test facilities that are avail- 
able in this country will be investigated and inventoried and 
test requirements for downhole tools will be prepared. The 
options that are available for test facilities include upgrading 
of existing private or university laboratories, the creation of 
new facilities either in industry or in the universities, or 
creation of new facilities at DOE laboratories. The relative 
merits of these three approaches will be outlined as part of 
this investigation. Recommendations for upgraded or new facili- 
ties and the recommended locations of these facilities will be 
made to DGE as required. 

D. Relationships to Other Programs 

One function of the Geothermal Drilling and Completions 
Program is to demonstrate operational hardware that utilizes 
improved materials now under development for DGE's Geochemical 

Engineering Program. Work currently in progress in materials 
development is centered primarily on improved high temperature 
cements and high temperature elastomers. Both are critical 
areas in geothermal development and they must be rapidly moved 
to field application. High temperature cements are needed to 
assure reliable, cost effective completion of geothermal wells. 
The Drilling and Completions Program will assume responsibility 
for field evaluation of high temperature cements. It is anti- 
cipated that these cements will be used in industry drilled 
wells on a cost sharing basis assuming success of the develop- 
ment program now underway. This program will coordinate the 
effort in field testing. 
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High temperature elastomers are vitally needed in bit 
s e a l s ,  motors, packers, logging instruments and other downhole 
tools. l h i s  program will insure that the latest materials are 
incorporated into all downhole hardware developed to assure 
meaningful evaluation and ultimate use of this new technology. 

In addition, the Geothermal Drilling and Completions 
l’rogram will closely follow the progress of any wells drilled 
for D O E .  Where possible, this program will take advantage of 
opportunities to test hardware developments in D O E  funded wells. 
These may present a unique opportunity to test new hardware, but 
this method of testing must be supplemented by demonstrations in 
commercially drilled wells. 

Two additional interfaces are important to this program. 
These are the DOE/Division of Oil, Gas, Shale and In Situ 
‘l’echnology (DOGSIST) Drilling Technology Program and the proposed 
Continental Drilling Program. The thrust of the DdGSIST pro- 
gram is to develop drilling technology to support the frontier 
areas in oil and gas drilling. These areas would include deep 
sour gas l a n d  drilling as  well as deep water drilling on the 
continental shelf. Many of the problems are common to those 
found in the geothermal program. To maximize the effectiveness 
of drilling research efforts, these programs must be tightly 
coupled to prevent duplication of effort, and to assure that 
the rcscarch sponsored in these programs is complementary. 

Temperatures in deep gas drilling are often in the same 
range as those encountered in geothermal wells. High tempera- 
ture borehole technolog), developmcnts 111 this program can be 
directly applied to deep gas drilling. Corrosion control is 
another difficult problem in both geothermal and deep gas 
drilling. Progress in this program w i l l  assist the search for 
critically needed natural gas. 

The technological demands of the Continental Drilling 
Program, if it is approved, are also similar to those of 
geothermal development. Deep, large diameter directional holes 
are needed at a modest price. High temperatures will be 
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encountered in the deeper holes, and the proposed magma drilling 
experiment is clearly beyond the current state of the art. If 
the Continental Drilling Program is funded, it must be closely 
coordinated with the DGE Well Technology Program to select 
complementary areas for technology development support. 
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I 1  . ‘ I ’ E C I I N l C A L  P I A N  

I A. Approach 

i 24 

The drilling and completions portion of the Geothermal 
\\re11 Technology Program will concentrate primarily on develop- 
ment of high temperature borehole hardware that will signifi- 
cantly rcduce the cost of geothermal drilling. More specifi- 
cally, three major areas of technology will be addressed: 

1. Systems analysis that examines the components 
of well cost on a cost/benefit basis to assist 
in program planning and impact assessment, 

2. Drilling technology development to speed the 
drilling process and reduce problems in high 
temperature wells, and 

t e c h n o l o g y  d e v e l o p m e n t  t o  s u p p o r t  r e l i a b l e ,  l o n g -  
1 ife geothermal wells. 

3. Well completions, workover and reinjection 

The primary measure of success in thc drilling and 
completions portion of the Well Technology Program will be the 
dcgree to which emerging technology is commercialized for 
geothermal drilling and the resulting impact on well costs. 
The drilling industry must be involved in this program if it 
is to succeed. 

Currently, the petroleum industry is not pursuing large- 
scale development programs in support of geothermal development 
because the near-term economic incentives are not sufficient 
to justify large expenditures for the special purpose tools 
required. The Drilling and Completions Program will concentrate 
on applying new materials and developing improved tools that 
can be directly commercialized by industry. It is intended 
that this will lead to increased activity in geothermal drilling 
and to sufficient incentives to stimulate continued industrial 
development. 

Prototype geothermal drilling tools will be conceived, 
developed, tested and demonstrated in the course of this pro- 
gram. Most of the development work will be contracted to 
industry with Sandia and other laboratories supplying special 
technical assistance where required. 



B .  Proj ect Elements 

1. Svstems Analvsis 

a) Objective 

The objective of this task will be to examine 
the components of total cost in geothermal well drilling and 
completion and, on a cost/benefit basis, identify and rank 
order those areas in which technological improvements can 
lead to significant near-term cost savings and provide techno- 
logy that is currently deficient to the needs of the National 
Geothermal Development Plan. 

It is essential that in-house capability 
exists to establish priorities among alternative research 
proposals so that yearly, detailed planning can be done to 
support promising projects on a timely basis. The Systems 
Analysis Task will provide the analytic capability to assess the 
impact of proposed technological improvements on the overall 
cost of geothermal drilling and completions. 

b) Technical Approach 

This task will start with the identification of 
the cost factors that are common to all geothermal well drilling 
and completion operations. The mechanisms by which c o s t s  are 
accrued and how they relate to the location, depth, temperature, 
lithology and environment of the well will be investigated and 
understood. A model incorporating these factors in generic form 
will be constructed and analysis performed using data for 
specific reservoir types. The task is divided into four sub- 
tasks as follows: 

1) Data collection 
2 )  Development of a flexible drilling and 

3) Cost sensitivity analysis of present 
completions well cost model 

geothermal drilling and completion 
methods 

4) Cost evaluation of advanced geothermal 
drilling and completions methods. 



c) Research Activity by Subtask 

A description of the objectives and activities 
c i n d c r  each siihtask is given below. 

Subtask 1. Data Collection 

The objectives of this subtask are to identify 
t h e  components that contribute to the toal cost of geothermal 
drilling and completions, understand the mechanisms by which 
tl;ese costs are accured, determine the appropriate level of 
cost aggregation and establish a p o o l  of real cost data for 
existing wells. 

Data collected from vendors, drilling contractors, 
operating companies and the open literature will be compiled in 
order to learn how costs vary from well to well based on drill- 
i n g  and well parameters. T h i s  step is essential to understanding 
the cost impact of technology changes to these parameters. 

In addition, the data will provide a basis for 
(-omparison and validation of output from the cost model which 
\till be developed. The data will also be used to determine the 
level of cost aggregation most appropriate for cost/benefit 
analysis. 

Subtask 2. Development of a Flexible Drilling 
and Comnletions Cost Model 

The objective of this subtask is to construct 
a geothermal cost model with the capability to accuratel), 
predict costs for both conventional and advanced drilling and 
completions techniques in the major geothermal reservoir types. 

The emphasis in the geothermal cost model will 

be on flexibility. Cost accuring activities will be modeled in 
their general forms and in a way that reflect actual practice 
in the field. Variations of the basic model with specific 
parameters for different locations and conditions will permit 
cost modeling in varying lithologies and reservoir types. 
Also, advanced concepts that entail new cost-parameter 



relationships will need to be examined. The model must be 
sufficiently flexible to accommodate a wide variety of these 
combinations of technology. 

The model will be developed in stages with the 
intention of rapidly obtaining the capability to do sensitivity 
studies of conventional drilling and completions practices 
with simple cost-drilling parameter relationships. This initial 
development will be followed by the addition of the capability 
to model more complex interrelationships. The last stage will 
add the capability to model advanced concepts and complex 
relationships. 

Information from the Data Collection Subtask 
will be used for initial model validation and calibration. 
Industry advice and guidance will be sought in later stages to 
insure model validity and credibility. 

Subtask 3. Cost Sensitivity Analysis of Present 
Geothermal Drilling and Completion 
Methods 

~ 

The objective of this subtask is to determine 
the sensitivity of total well cost to various technological 
parameters of conventional geothermal drilling and completions 
methods. A rank ordering will be determined to indicate the 
most promising areas for research and to aid in program planning. 

Near-term reductions in geothermal well costs 
will result from improvements in conventional geothermal drill- 
ing methods. Timely identification and assessment of potentially 
high payoff projects is essential. Subtask 2 is intended to 
provide near-term systems analysis capability to support this 
subtask. 

Sensitivity analysis of conventional methods 
will be a vital tool in evaluating the impact of projects con- 
sidered under the Drilling Projects and Completions Technology 
Tasks. Cost saving potential will be evaluated under varying 
conditions of depth, temperature, flow rate, lithology, loca- 
tion, etc. Output from these sensitivity studies will be used 
in preparing the annual detailed program plans. 
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Subtask 4. Cost Evaluation of Advanced Geothermal 
Drilling and Completions Methods 

The objective of this subtask is to determine 
the potential for cost savings of novel techniques for geothermal 
drilling and completion. Cost estimates for these advanced 
mcthods will he compared to costs of conventional techniques for 
varying well conditions. 

This subtask will permit trade-off analyses of 
various advanced conceptual designs for geothermal drilling and 
complctions. Promising concepts will be studied to determirc 
their potential for high payoff and early returns in cost 
savings. These concepts which appear to warrant further study 
will be modeled in more detail and cost/benefit analyses will 
he performed. Completion of the final stage of Subtask 2 w i l l  

provide capability for activities under this subtask to support 
annual program planning. 

d) Near-term Milestones 

The Systems Analysis Task will be programmed 
to provide timely guidance to other Geothermal Well Technology 
tasks and to achieve the task's objectives according to the 
following key milestones. 

1) Complete initial data collection by early 

2) First stage of cost model operational 
in FY-78 

with sensitivity analysis capability 
by mid FY-78 

3) Second stage model development complete 
by late FY-78 with routine sensitivity 
analysis capability by the end of FY-78 

by early FY-79 with routine sensitivity 
analysis capability by mid FY-79 

4) Advanced concepts cost modeling complete 

2. Drilling Projects 

a) Objec-tives 

The objectives of the drilling projects are to 
develop, in conjunction with the drilling industry, the 



supporting technology and the advanced drilling systems that 
are necessary to support the power-on-line goals of the 
Geothermal Program. 

b) Technical Approach 

Petroleum drilling technology has established 
the base upon which geothermal drilling technology must build; 
however, geothermal drilling differs from oil and gas drilling 
in two major areas: 

1) Most geothermal wells are drilled in 

2) Temperatures encountered in geothermal 
harder formations than oil and gas wells. 

drilling are generally much higher than 
in oil and gas drilling. 

These differences result in higher costs for geothermal wells. 
The Drilling Projects Task will contribute to geothermal well 
cost reduction by 1) improving the average rate of penetration 
by means of higher performance, longer life, high rpm rock 
bits, 2) developing improved high temperature downhole motors 
that can apply increased power to the rock face for both 
directional and straight hole drilling, 3) developing high 
temperature drilling fluids that can reduce drilling time and 
minimize fluid related problems, and 4) developing advanced 
drilling systems. 

Methods to be utilized in defining specific 
program elements include the economic sensitivity model, input 
provided by the Geothermal Well Technology Panel, continuing 
contact with industry personnel, inputs from the DGE Mission 
Team Leaders and literature reviews. 

c) Research Activity by Subtask 

The drilling task has been divided into three 
major subtasks which will be discussed in detail below. These 
are: 1) High Temperature Drilling Fluid Development, 2) High 
Temperature Downhole Drilling Motors, and 3) High Performance 
Rock Bits. A number o f  worthwhile program elements are 
presently being pursued and will continue into future years 
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n 
to completion. New program elements will be initiated as 
existing developments are completed and commercialized. 

Subtask 1. High Temperature Drilling Fluid 
Development 

objectives of this subtask are to: 

Develop a drilling mud that retains the 
desired properties in the geothermal 
environment, 
Develop field and laboratory instrumentn- 
tion capable of measuring the propertie; 
of drilling fluids at high temperature and 
pressure, 
Formulate generalized w e l l  fluid plans for 
the various geothermal reservoir types, 
Genera te  a dynamic thermal model for a 
variety o f  common wellbore conditions and 
thermal condit i o n s ,  

Make testing facilities available to the 
industry that are capable of evaluating 
fluids under simulated wellbore conditions, 
Investigate the properties and chemistry 
of drilling foams; develop a foam which 
maintains its properties at high tempera- 
ture and can be broken down after use f o r  
disposal or reuse. 

Direct costs of drilling fluids, chemicals, 
equipment and services and indirect costs relating to drilling 
fluids can be a significant part of total well cost. Indirect 
costs include fluid related problems such as stuck pipe, pipe 
failures due to corrosion, time lost d u e  to lost circulation, 
S L O W  drilling from p o o r  solids control, borehole instability, 
etc. A11 increase well costs. 

Fluids used in geothermal drilling include 
water and oil based mud, water, air and foam. Because o f  the 
obvious simplicity, drilling is done 1Llith water or air whenever 
practical, but when high formation pressures are encountered, 
a weighted fluid is required for well control. In addition, 
water alone cannot b e  used in a highly permeable or fractured 
formation because of fluid loss, and air drilling is limited 

. .  
- 
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by such factors as insufficient bit cooling, lack of ability to 
lift cuttings to the surface in deep holes and erosion of the 
drill string from high velocity particles. 

ture muds and foams must be developed. Work previously spon- 
sored by this program has shown that the best of today's high 
temperature muds degrade badly at geothermal temperatures. 
They often become corrosive due to chemical decomposition and 
can permanently damage the producing formation by excess fluid 
loss and filter cake buildup. Improved we'ighted fluids will be 
developed to control high formation pressures, provide adequate 
cooling for high speed cutting and seal formations to prevent 
fluid loss and damage. 

High temperature drilling foams offer many 
advantages, but existing foams fail at high temperature, are not 
rapidly degradeable after use, and separation of fine cuttings 
from foams is also difficult. Improved foams can provide a 
balance between bit cooling and the ability of the liquid t o  
lift the rock cuttings. Foams can fill the need for a non- 
contaminating, non-damaging fluid, and can also allow significant 
drilling rate increase. If formation pressure is not a problem, 
industry spokesmen have estimated that a significant fraction of 
geothermal wells would be foam drilled if a high temperature 
foam were available. 
foam development. 

test facilities are also required to allow this development to 
proceed. Laboratory test facilities capable of duplicating 
downhole environmental conditions will be made available for 
development testing prior to field testing. Industry or the 
universities are the preferred locations for these facilities. 

Because of these inadequacies, high tempera- 

This program will pursue high temperature 

High temperature and pressure drilling fluid 



Subtask 2. I-ligh Temperature Downhole Drilling 
Motors 

o1,jectives of this subtask are to 

Apply high temperaturc elastomers that 
are being developed as part of the D G l ?  
Geochemical Enginecring Program to 
existing downhole motors, 
Develop high temperature seals to allow 
lubrication of bearings with higher 
pressure drops across the rock bit, 
Develop a high temperature bearing and 
seal package capable of fitting existing 
motors, 
Develop a high temperature speed reducer 
and bearing assembly to allow existing 
motors to more efficiently utilize roller 
hits, 
Investigate drill string components such 
as shock subs and dcviation subs to deter- 
mine needs and sponsor design of the 
necessary improvements, 
Define and conduct a development program 
aimed at enhancing directional drilling 
capabilities, 
Develop a high-horsepower, balanced, bit/ 
motor system for high speed straight hole 
drilling . 

Improved drilling motors can significantly 
reduce drilling costs and accelerate the geothermal energy 
program by expanding rig utilization. In brief, motors have 
the potential t o  accomplish the following: 

(1) Decrease the total time to drill wells, 
thus providing an expanded rig force 
c a pa b i 1 i t y , 

(2) Reduce total footage and number of loca- 
tions required by allowing multiple 
completions from a central site, 

(3) Allow enhanced directional drilling 
capability and thus decrease the number 
of abandoned holes, 

(4) Decrease wear on drill pipe, and 
( 5 )  Provide capability for operations not now 

possible such as deepening small holes, 
high speed milling, improved workover, etc. 

n 



Despite the many advantages possible with motors 
and indeed their necessity in some circumstances, their current 
use is limited, time consuming and expensive. This is a result 
of several deficiencies in technology. Among these are: 

(1) Elastomers used for seals and major 
structural members quickly degrade at 
high temperatures, 

( 2 )  Bearings which cannot be sealed due to 
short life of seals fail rapidly in the 
high solids content drilling fluid 
environment, 

are not compatible with existing roller 
cone bits, 

(3) The high rotational speeds of most motors 

(4) Heavy vibrations are induced in the drill 
string, 

(5) Real time steering capability at tempera- 
ture does not exist for directional 
drilling. 

This subtask will develop the needed motor 
technology for both directional and straight hole drilling in 
the geothermal environment. Initial efforts will be devoted 
to upgrading existing motor systems with subsequent efforts 
devoted to developing greatly improved, second generation 
systems. 

Subtask 3. High Performance Rock Bits 

objectives of this subtask are to: 

Develop improved.high temperature roller 
cone bits through research in metals, seals 
and lubricants, 
Develop bits that are capable of long life 
performance at downhole 'motor speeds, 
Provide the industry with laboratory data, 
computer techniques and bonding technology 
to stimulate the design, production and 
marketing of synthetic diamond bits, 
Identify and sponsor the development of 
novel bit design and drilling techniques 
which show promise of significantly 
increased performance. 
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1,conomic a n a l y s i s  i n d i c a t e s  t h a t  two o f  t h c  
nio.;t s e n s i t i v e  d r i l l i n g  c o s t  f a c t o r s  t h a t  c a n  b e  a f f e c t e d  by 

~ 1 1 - I  1 1  i n g  t c c h n o l o g y  r e s e a r c h  a r c  d r i l l i n g  r a t e  and  b i t  l i f e .  

[ ' l i s t  s t u d i e s  havc  shown t h a t  f o o t a g e  c o s t  i s  most s e n s i t i v e  t o  

t l r i l l i n g  r a t c .  Improved b i t s  c a n  s i g n i f i c a n t l y  impact  d r i l l i n g  
c - o s t s .  

'3 

E x p e r i e n c e  i n  g e o t h e r m a l  w e l l s  h a s  r e v e a l e d  
t h c  f o l l o \ \ r i n g  p rob lems  i n  t o d a y ' s  b i t s :  

( I )  I Jnsea led  b e a r i n g s  e x h i b i t  s h o r t  l i f e  i n  
h i g h  t e m p e r a t u r e  e n v i r o n m e n t s ,  

( 2 )  S e a l s  and  l u b r i c a n t s  i n  s e a l e d  b i t s  
d e t e r i o r a t e  r a p i d l y  i n  t h e  g e o t h c r m a l  
e n v i r o n m e n t ,  

( 3 )  R o l l e r  c o n e  b i t s  e x h i b i t  s h o r t  l i f e  when 
u s e d  a t  h i g h  s p e e d  w i t h  downhole m o t o r ? ,  

( 4 )  Diamond b i t s  c o m p a t i b l e  w i t h  moto r s  have  
slow p e n c t r a t i o n  r a t e s  i n  sope h a r d  r o c k s .  

The  t e c h n i c a l  t h r u s t  o f  t h i s  t a s k  i s  t o  f o c u s  
c ~ f f o i - t  on u n d e r s t a n d i n g  t h e  p r i m a r y  f a c t o r s  a f f e c t i n g  d r i l l i n g  

1.atc and  b i t  l i f e  and t o  a p p l y  improved t e c h n o l o g y  t o  t h e s e  

! ' a c to r s  t o  i n c r e a s e  h i t  p e r f o r m a n c e .  

Improved l a b o r a t o r y  t e s t i n g  c a p a b i l i t i e s  a r e  
a l s o  r e q u i r e d  t o  s u c c e s s f u l l y  c o n d u c t  t h e  deve lopmen t  program 

for b o t h  b i t s  and m o t o r s .  Whi le  t h e r e  a r e  e x c e l l e n t  d r i l l i n g  
l a h o r a t o r i e s  t h a t  a r e  c o m m e r c i a l l y  a v a i l a b l e  i n  t h i s  c o u n t r y  

a t  t h e  p r e s e n t  t i m e ,  none  c a n  f u l l y  s i m u l a t e  t h e  e n v i r o n m e n t a l  
c o n d i t i o n s  e n c o u n t e r e d  i n  g e o t h e r m a l  d r i l l i n g .  These  f a c i l i t i e s  
must  b e  u p g r a d e d  o r  new j o i n t - u s e  f a c i l i t i e s  c o n s t r u c t e d  t o  

p r o v i d e  t h c  c a p a h i l i t j r  r e q u i r e d  t o  adequately t e s t  new g e o t h e r m a l  
t l i - i l l i n g  components .  R s t u d y  o f  t h e s e  o p t i o n s  and t h e  r e q u i r e d  
c a p a b i l i t y  w i l l  b e  made a s  p a r t  o f  t h i s  p rogram and t h e  

n e c e s s a r y  a c t i o n  will b e  t a k e n  t o  p r o v i d e  t h e  r e q u i r e d  t e s t i n g  
capab  i 1 i t y . 

d )  N e a r - t e r m  M i l e s t o n e s  

Work h a s  b e e n  underway f o r  some t ime  on many 
oi t h e  program e l e m e n t s  i n  t h e  D r i l l i n g  Technology Development 



cd Task. Several of these program elements are nearing comple- 
tion. In the near-term, improved fluids, bits and motors will 
be moving from the laboratory to field evaluations and program 
completion on the following schedule: 

1) High Temperature Drilling Fluids - -  Field 
demonstration testing in FY-79 and FY-80. 
First commercial apprication in FY-81. 

2 )  Downhole Motors - -  Bearing and seal package 
field testing completed in FY-80, technology 
transferred in FY-81. . 

3) High Performance Bits - -  Synthetic diamond 
drill bits introduced into geothermal drill- 
ing in FY-80. Continuous chain slimhole 
bit in the field in FY-81. 

3. Completions Projects 

a) Objectives 

The objective of this project is to develop the 
technology required to minimize the life cycle cost of completing 
both production and reinjection wells. While improved comple- 
tions and reinjection technology may have minimal impact on the 
initial well cost, it is critical to the overall economics of 
geothermal development and must be viewed from the perspective 
of the total useful life o f  the well. This perspective must 
include workover considerations. Improperly completed wells can 
substantially reduce energy production and require additional 
well drilling o r  frequent workover. With proper completions 
techniques, reliability and well life. can be increased, workover 
costs can be reduced and drilling of replacement wells can be 
minimized. Improvements in these areas can have a significant 
impact on the total cost of developing a geotherma prospect 
and thus on the cost of geothermal power. 

b) Technical Approach 

Initially, this program will investigate and 
identify the problems that are associated with well completions 
in the various types of geothermal reservoirs. Studies to 
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Iclcilt I f y  t h e  s t a t e - o r - t h e - a r t  i n  geothcrmn I w e l l  comptc t  1 0 1 1  

31-c  i ti p r o g r e s s  and  rccommcndat i o n s  for needed  dcve lopmcn t  

\I I 1 I h c  g c n e r a t c d  ;is p a r t  o f  t h e s e  i n v c s t  i g a t i o n s .  Wher~ t I ) (  1 ( 

. : t uc l i e s  a r e  io r r ip l c t c ,  r e s e a r c h  e f f o r t s  w i l l  he i n i t i a t e d  t o  

~ ~ J d i - e s ~  t h e  k e y  p roh lcm a r e a s  t h a t  have  been  i d e n t i f i e d .  I{otli 

economic  a n d  e n v i r o n m e n t a l  i m p a c t s  o f  c o m p l e t i o n s  t e c h n  i q u e i  

m i i . i t  h c  c o n s i d e r e d .  C o n s u l t a t i o n s  w i t h  d r i l l i n g  and  completion^, 

c c ~ m p a n i e s  will he h e l d  t o  s u b s t a n t i a t e  t h e  conclusions o f  t h c i c  

\ t u c l i c \  p r i o r  t o  e s t a b l i s h i n g  new p rogram e l e m e n t s .  

I t  i s  a n t i c i p a t e d  t h a t  ol’ t im;t l  c o m p l e t i o n 5  
; c ~ c I i n i q u e s  w i l l  vary w i t h  reservoir t y p e ,  c . g . ,  c o m p l e t i o n s  

r c q u  i red i n  t h e  g e o p r e s s u r e d  s e d i m e n t a r y  hasins wi 11  c e r t a i n l y  

17c d i f f e r e n t  f r o n  t h o s e  r e q u i r e d  i n  f r a c t u r e d ,  h a r d  r o c k  

~ i ~ l d r e s s  somplGtion\ problem.; o n  a rc‘crvoi r - s p e c i f i c  l ~ a 5 1 5 .  

v o l c a n i c  f o r m a t i o n s .  T’or t h i s  r c - ; i i o n ,  t h i 5  p r o g r a m  I L i 1 1  

c )  - R e s e a r c h  A c t i v i t i e s  b y  S u h t a s k  

T h i s  t a s h  h a s  heen  d i v i d e d  i n t o  four s u b t a < 1 \ \  

‘15 f o l l o l v s :  

1) S t a t e - o f - t h e - A r t  S t u d i e s  

2 ) Program Element  F o r m u l a t  i on  
3 )  P r o d u c t  i o n  \Vel1 Complct i ons  ‘l‘eclinoloqy 

4 )  R e i n j  e c t i o n  Well Comple t ion  Techno logy  

The a n t i c i p a t e d  a c t i v i t i e s  i n  e a c h  s u b t a s k  

Development  

Development  

a r e  d i s c u s s e d  b e l o w .  

S u b t a s k  1. S t a t e - o f - t h e - A r t  S t u d i e . ;  

T h i s  s u b t a s h  w i l l  i d e n t i f y  w e l l  c o m p l e t i o n s  
i’roblems a s s o c i a t e d  w i t h  g e o t h e r m a l  e n e r g y  deve lopmen t  and  
their i m p a c t  o n  r e s o u r c e  deve lopmen t  s c h e d u l e s  and  c o s t s .  

C o m p l e t i o n s ,  workove r  a n d  r e i n j e c t i o n  t e c h n o -  
l o g y  s t u d i e s  w i l l  b e  b r o a d l y  b a s e d  i n v e s t i g a t i o n s  t h a t  will 

c o n s i d e r  a r e a s  s u c h  a s :  



(1) Corrosion control and its effects on the 
life of downhole tubulars and plugging 
of formations, 

(2) Drilling and fracture fluids and their 
effect on skin damage and stimulation 
results, 

(3) Sand control and formation protection, 
(4) Reinjection for waste disposal and improved 

( 5 )  Workover for increased well life and 

(6) Casing programs for improved life and 

(7) Cementing programs for improved placement, 

( 8 )  Methods of fluid production, i.e., flashing 

The results of these studies will lead to 

reservoir life, 

improved well capacities, 

capacity, 

performance and thermal resistance, 

vs pumped. 

recommendations on specific areas of development activity. 

Subtask 2. Program Element Formulation 

Based on the results of the on-going state-of-the- 
art studies, recommendations from the geothermal industry and 
comments of the Geothermal Well Technology Panel, specific 
program elements will be defined and prepared for DGE considera- 
t i o n  and a p p r o v a l .  RFP's w i l l  b e  p r e p a r e d  and i s s u e d  t o  

industrial and research concerns that are active in the complc- 
tions area, and development work will begin. 

Subtask 3. Production Well Completions 
Technology Development 

As previously indicated, it is anticipated that 
the techniques required for optimum production well completions 
will vary with the reservoir type. If indicated in the state-of- 
the-art studies, reservoir specific completions techniques will 
be developed, tested in both the laboratory and the field, and 
commercialized. Major problems in completions techniques 
center around the high flow rates that are desired in the 
geothermal wells since high flows can create severe sand 
control problems, erosion of tubing and short well life. 
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1 t j ii  1 ikely t! i- i t  T I  TL' i *ll)(>?-:itory test facili- 
ties will b c  1-cquired to more accurnr t , ;  y .;iniulate the downhole 
environment encountered in geothermaf pro(1iiction wells. A 
survey of needed and existing facili t i  cc, v:j 7 1 be conducted during 
this portion of the study and appropriat(3 recommendations made 
t o  DGE. 

i i i c 2  pT'oblems anti ~ i r )  i , I -  ijrr,;li~~tion wells may 
be magnified in injection wells becal I C ~ T Y  h i g h  flow rates are 
desired, and the deposition of soljd, i n  t l ic formation may 
eventually C ~ U S C  increased res i s t x r i i - t  i o f 1 . j ~  l n i  o the wells. 
Ifhen this o c c ~ i i - : ~ ,  the well must 1)c 3 i - l  i t :  ;, i T ; b a n t l o n e d .  

Research is needed to fully undcr<tni-:.i t i L C  r~inj cction problem 
arid to design minimum cost complct i o n .  r,::rios. Reinjection 
Technology will also vary by rcscr\*J*" * . .Ii'>cssments of 
t h e  needs in each reservoir w i  11 bc iu:i(lc ar 'd  t h e  required 
technology will be developed to 5upj7:)i i the T ' O ~ ~ C T  -cn-line goals 
of D O E / D G E .  

d) Near-Term Milestones ~. 

The Completions Tecll;;,.ici:y T a ~ i  v I ,1 h c  geared 
to provide maximum support to both t h e  DGF i\Ii:;.;ion Team Leaders 
and to geothermal development companies. Technology that 
assures long lived, reliable producticin a n d  reinjection wells 
will be provided. 

1) Complete state-of-the-art ajsessment in 
geopressured completions with development 
recommendations 111- the f i r s t  quarter of 

Issue RFP's for g2opressured completions 
technology development during the second 
quarter of FY-78, 
Complete s t a te - c) f - t he - ;i r t ci s c c ~ s r n c n t  jn 
hydro t he rma 1 anJ s t earn cl orni n at e 2 r s ervo i r 
completions techno logy 1%- i t i i  development 
recommendations the thirJ qsarter of 

F Y - 7 8 ,  

FY- 7 8 ,  



4 )  Issue RFP's for both high and moderate 
temperature hydrothermal and steam 
completions technology development during 
the fourth quarter of FY-78, 

geothermal completions technology develop- 
ment by the end of FY-78. 

5 )  Complete detailed long-range plan for 

4. Research and Advanced Systems Development 

a) Objectives 

The objective of this project is to develop a 
fundamental understanding of drilling energetics with the goal 
of providing a sound technical base for the selection and 
development of a significantly improved drilling system. It 
will be difficult, if not impossible, to reach the 5 0 %  well cost 
reduction goal by simply improving the rotary drilling process. 
The rotary system has evolved over a period of seven decades 
and is very mature technologically. The desired large cost 
reduction must come from advanced drilling systems, and this 
program element will attempt to provide the insight needed to 
intelligently select a high performance drilling approach, and 
then develop and transfer the technique to the drilling industry. 

b )  Technical Approach 

If the enhanced level budget is appropriated 
in F Y - 7 8 ,  basic rock mechanics studies relative to the drilling 
process will be initiated. There are several fundamental 
questions that will be addressed. Among these are the questions 
of energy partition among the various forms of deformation 
prior to macroscopic failure of the rock and the problem of 
ductile failure modes under reservoir conditions o f  pressure 
and temperature. A better understanding of structural rock 
failure at reservoir conditions should.give insight into more 
efficient drilling techniques. 

In parallel with the more basic rock mechanics 
work, a bro,ad study of novel drilling techniques will be 
conducted. Of primary interest will be the mechanisms of rock 
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to bear by each system, the practicality o f  

~ ) . i ~ . i i ,  : ! IC projected time scales and cost to bring these 
1 f i i . l c i  u s e .  

lcarer-term variations on thc rotary drilling 
1 1  '11 .i) b c  considered in this investigation. These 

t--L~:>LiiLiate systems rcil'l include jet drilling, jet augmented 
I;-'\- drilling, high horsepower downhole motors and advanced 

I \ * 1 i i - c  nt ional drilling systems such as the flex-pipe rigs 
. -  
; : : i !? \ -  automated, computer controlled s)'stcms. This Iiork 
I : c' r l q l i t ~ )  coupled to the more fundamental roch  mechanic^ 

ilie -re.qults of these investigations should alloii a 

0-1 to hc. m:ide on the more promising advanced drillinc: 
~ O I -  ? ! . c t C m s )  that meet the criteria for near-term 

:;I :!I ~ : e o t ! i e r m a l  drilling c o s t s ,  \\'hen this selection is 

, , L , ~  r > . p e d i t e d  development program \\ill be initiated to 
;:'~tte the selected system. 

c:i Research Activity by Subtask 

This task has been divided into t\io subtasks 
d - f (11 1 1 Ol\ s : 

1) Drilling energetics research 
2 )  Advanced drilling systems development. 
The initial activities in each subtask are 

, I  i r i h c ? d  beloli. 

Subtask 1. Drilling Energetics Research 

This subtask will investigate the ph?-sics of 
i-i - \  t C i i l u r e  in an attempt to select a more efficient means 
-,. fik~-.~njt~irg energy to the formation for l o w  cost drilling. 
:':.--P in\-estigations \<ill likely be conducted by one or more - 

n 

c ersities augmented by the rock mechanics staff at Sandia 
::11,; 12cjs~ibly other commercial laboratories. Rock failure as 

ion of loading i th the microscopic and macroscopic 
ill be investigated under representative reservoir 
on. of pressure and temperature. The results of these 

- . , , 3 .  , . A L L i e s  i i i 1 1  be used to aid in the selection of the more 

1-11 i),I;ising candidate drilling technique. 

40 
- - - I - __ __ __ - - - - 

~ - - - 



Subtask 2 .  Advanced Drilling Systems 

In parallel with Subtask 1, a study of advanced 

Development 

drilling systems will be conducted. Systems t o  be considered 
will include jet drilling, jet augmented Conventional systems, 
high horsepower downhole motors with advanced bits, novel rig 
designs and the mqre exotic drilling techniques that have been 
proposed  or investigated over the past several years, The 
purpose of this investigation will be to select one o r  more 
advanced system concepts for development. The candidate 
system(s) should provide high rate, problem free, hole genera- 
tion at low cost. It will be very desirable that the system 
be compatible with existing rigs with as little modification 
as possible due to the, long lead time involved in major rig 
changes, The basic rock mechanics study will provide input 
intO this study and the method o f  rock loading selected will 
be governed by the basic work. 
system($) is made, an expedited development program will be 
initiated to demonstrate the system(s) and move it rapidly 
through commercialization to the field. 

When the selection of candidate 
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' \ .  AlEro:icli -__ 

I'lic IK?F, D i v i s i o n  o f  Geo the rma l  Energy  (LGI:) w i l  1 rct ;r  I [ I  

t he o \ ~ i . r . a l l  p r o g r a m m a t i c  r e s p o n s i b i l i t y  f o r  d i r e c t i o n  o f  t h i s  
p i - o j v c t .  l K I l ~ / D G E ,  w i t h  a z s i s t a n c e  from S a n d i n ,  w i l l  s e t  t b c  

p r o j e c t  g o a l s ,  e s t a b l i s h  m i l e s t o n e s  and  p l a n  p rograms  toward  
incct i n g  t hcm. 

Sancli  :i 1 , n b o r a t o r i e s  b i l l  p r o v i d e  o v c r : i l  I , a s  we1 1 : I C .  

l l i ~ ~ ' -  t o - d a y ,  management o f  t h e  Geo the rma l  1 ) r i l l i n g  and  Compl(-tin1ic> 

I . ; J I I I  . 1 i i ( 1  \ v i  11  p l a n ,  i n i t i a t e  and  c o o r d i n a t e  t e c h n i c a l  work 
i2 t i h i t 1  the. \ cope  and  o b j e c t i v e s  o f  t h e  p r o j e c t .  C l o s e  t e c h n i -  

L- I 1 ' 111<1  ; i ~ l ~ ~ i i ~ i i s t r ; ~ t i v e  c o o r d i n a t i o n  will t-,c e s t a b l i s h e d  betwcci1 
S < i t ) J  i ; i  prroj c c t  management and DOE/DC,I: managemcnt  as d c t a i  l c d  I I I  

t i 011 I I 1  - I ) .  

As a n  addendurn t o  t h i s  documen t ,  S a n d i a  w i l l  ? p r i o r  to 
t h ?  h e g i n n i n g  o f  each f i s c a l  y e a r  and  a s  d e s c r i b e d  i n  S e c t i o n  
I I I - I : ,  p r o v i d e  DOE w i t h  a L a b o r a t o r i e s  P r o g r a m  Approva l  1)ociinicnt 

; 1 I ' A I I )  d e t s i  l i n g  t h e  s p e c i f i c s  o f  t h e  p r o j e c t  f o r  t h e  y e a r .  
This Jocumcnt  w i l l  b e  p r e p a r e d  when t h e  b u d g e t  f o r  t h a t  y e a r  i i  

'\ I l t J l C I 3  . 

I < .  Sanclia P r o j e c t  Management S t r u c t u r e  

The D i - i l l i n g  and  C o m p l e t i o n s  Program i s  s t r u c t u r e d  a s  

c.lio\in i n  F i g u r e  6 .  The S a n d i a  Program Manager h a s  o v e r a l l  
i .c : ;ponsibi l  i t y  f o r  a c c o m p l i s h i n g  t h e  t e c h n i c a l  o b j e c t i v e s  o f  
t hi' p r o j e c t  w i t h i n  t h e  s p e c i f i e d  b u d g e t s  and  s c h e d u l e s .  

Working u n d e r  S a n d i a  p o l i c i e s ,  h e  will o b t a i n  a p p r o p r i a t e  Sand i a  
ili:~iiagement c o n c u r r e n c e  i n  t h e  e x p e n d i t u r e  o f  p r o j e c t  f u n d s .  

iIc w i l l  be v e r s e d  i n  a l l  t e c h n i c a l  a s p e c t s  o f  t h e  p rogram and 

v4i 11 m a i n t a i n  f a m i l i a r i t y  w i t h  a l l  r e l e v a n t  RGD a c t i v i t i e s  

o u t s i d e  t h e  p r o j e c t .  He w i l l  b e  r e s p o n s i b l e  f o r  u p d a t i n g  t h e  

p r o j e c t  p l a n  a n d  f o r  t h e  p r e p a r a t i o n  o f  t h e  LPAD arid will havc  

o v e r a l l  r e s p o n s i b i l i t y  f o r  t h e  c o n t r a c t i n g  and  p r o c u r e m e n t  

i j c t i v i t i e s .  I n  a d d i t i o n ,  he  w i l l  i n s u r e  e f f e c t i v e  c o o r d i n a -  
t i o n  and  i n t e g r a t i o n  o f  t h e  v a r i o u s  t a s k s  u n d e r  t h e  p r o j e c t  
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, i i i t l  \ v i  11 establish and insure effective working interfaces 
w i t h  the other projects of the National Geothermal Program. 
Ilc. w i l l  also be responsible for maintaining close coordina- 
I i o n  and direct communication with the DOE/DGE Program Manager. 

A Geothermal Well Technology Panel comprising several 
iiiciustry representatives will serve as a steering committee 
lor the Drilling and Completiops Program. The Sandia Program 
bl:mager will work closely with this panel. 

! ; t s h s  and an administrative support task as shown in Figurq 6. 
: I I P  technical tasks are: 

The Sandia program is divided into three technical 

1 .  Systems Analysis 
2. Drilling Technology Development 
3. Completions Technology Development 

I . i ~ - l i  task will be headed by a task leader who will be responsible 
for  t h e  management of the technical aspects and the monitoring 

t h e  contracted activities in his area. 
The admipistrative support will consist o f  personnel 

Iioiii the budgeting, purchasing, contracting and legal organiza- 
i ions as required. 

The relationship o f  the Drilling and Completions PTogram 
i o  the Sandia Laboratories corporate structure is shown in 
I igurc 7. It is seen that the project will be administered by 
i-lie Cleo Energy Technology Department of the Energy Projects 
; i n d  Systems Analysis Directorate. The management structure 
.;hewn in Figure 7 will provide the Sandia mechanism for monitor- 
~ r l g  the technical and fiscal activities of the project. An 
~iiiportant measure of project performance, especially in-house 
i t o r k ,  will be in the fqrm of periodic reviews to be given by 
t h e  Program Manager and hi5 task leaders and will be evaluated 
I;), cognizant upper management. 

C. Procurement and Contract Management 

Procurement activities will be conducted in general 
accordance with established Sandia procurement policy. Within 

n 
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the frnmcwork of the procurement system, there is strong 
cmp asis on competitive solicitation, with guidelines for 
request for quotation3 (RFQ's), the method of proposal 
cvaluation and appropriate source selection techniques. Where 
facts and circumstances indicate the possible impracticality 
of placing a specific requirement on a competitive basis, the 
system provides for the possibility of non-competitive procurement 
011 a sole source basis. 

The Sandia Program Manager, in coordination with the 
I-c~ponsible DGE management, will establish the requirements of 
m a j o r  project tasks to be contracted. Procurement and competi- 
tive solicitation will be handled by a combination of Sandia 
t (~chnical and administrative personnel. Figure 8 illustrates 
, I  typical competitive procurement plaoning schedule. Sole 
source procurement can be completed on a much more timely 
L ihcdule. Contractor technical and fiscal activities and per- 
~',)rniance will be monitored through plant visits, review of 
(ontractor reports and records and independent analysis or 
c'uperimental verification of component or subsystem performance 

Sandia facilities or other outside facilities, as appropriate. 
Specifically, technical monitoring will be accomplished 

I > ) -  t h e  following: 

1. Informal monthly letter reports by the contractor 
which will be reviewed by the Sandia Project 
Leader and combined into the monthly DOE status 
report, 

2 .  A formal semi-annual status review of all program 
elements utilizing presentations by the cantractors 
presenting their program to DOE, the Sandia Program 
Manager and. the Geothermal Well Technology Panel, 

3. Plant visit on a semi-annual basis in the alternate 
quarters by the Sandia project engineer for a 
detailed review of the progress of the work. 

'I'he Sandia buyer and project engineer will utilize the formal 
reporting and audit procedures to assure financial compliance 
to contract terms. 
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WEEKS FRO14 PROCUREMENT START 

EVENT 2 4 6 8 1 0  1 2  1 4  16 

S t a t e m e n t  o f  Work W r i t t e n  A 

Approval  From DGE A 

R e q u e s t  f o r  Q u o t a t i o n  I s s u e d  A 

Q u o t a t  i o n s  Rece ived  

A 
A 

E v a l u a t i o n  Completed 

A p p r o v a l  From DGE 

N e  g o t  i a t  i o n  Completed 

C o n t r a c t  W r i t t e n  and Execu ted  A 
I 1 

I t ,  1 - _ _  -- - ___ _ _  _ _ _  

A 

F i g u r e  8 .  Typ ic : i l  c o m p e t i t i v e  p r o c u r e m e n t  p 1 a n n i n . y  s z h e d u l e  



Quality assurance functions will be performed in 
ciccordance with standard industrial practices. DOE general 
1)riiiciples and policies for prime contractor quality control 
opcrations as stated in "Quality Policy and Operating 
instructions," dated August 4, 1971, will be used where 
appropriate. 

D. Project Administrative Approval Structure 

In addition to the normal Sandia administrative approval 
procedure as set forth in the Sandia Laboratories Instructions 
i S l l ~ ' s ~ ,  for major contractual tasks, DOE/DGE will retain 
G~pproval rights on the Statement of Work contained in the RFQ's 
that Sandia will issue, and will have the opportunity to make 
iilclitions t o  bidders lists. Sandia will send DOE documentation 

I ontaining the key factors pertinent to the proposed RFQ 
l i i c l u d i n g  a proposed source list at least ten days prior to 
initiating procurement action. Procurement will proceed after 
t h e  ten-day period if no suggested changes are received by the 
Sandia Program Manager. Similarly, Sandia will send DOE the 
results of the source selection process at least ten days before 
notification of winners and will proceed with contract negotia- 
t i o n s  at the end of the ten-day period in the absence of 
o h j  cction by DOE/DGE. 

DOE reserves the right to require publication of advance 
notice of intent to contract in the Commerce Business Daily. 

E. Laboratory Program Approval Document (LPAD) 

Prior to the beginning of each fiscal year, at a time 
Jctermined by DOE/DGE, the Sandia Program Manager will submit 
:I Laboratory Program Approval Document which sets forth the 
specific objectives, activities, schedule, funding requirements, 
in-house level of effort, project management personnel and any 
special review or reporting procedures planned for the upcoming 
project year, Upon approval of the LPAD, DOE/DGE will issue 
a Program Authorization Letter to implement the program. 
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F. In-house Research and Development 

In-house technical work is necessary to maintain a 
viable technical expertise in the program management staff. 
In addition, Sandia Laboratories possesses many unique techno- 
logical resources which can benefit the National Geothermal 
Program. DOE/DGE will monitor and approve the Sandia in-house 
level of effort on the technical work of the Drilling and 
Completions Program. The scope of the in-house work is as 
follows : 

1. Drilling Technology Development 

The in-house work may include, as approved by the 
DOE/DGE, the development and testing of novel bit designs, n o v e l  
drilling techniques, high temperature materials and component 
fabrication techniques. 

2 .  Completions Technology Development 

The in-house work may include, as approved by DOE/DGE, 
the development and testing of sensors, components and techniques 
f o r  completing geothermal wells. 

3. Systems Analysis 

The in-house work will include, as approved  by 

DOE/DGE,  the development of the tools necessary to critically 
evaluate, through computer simulations, the results of contractctl 
and in-house technical work and to assist DOE/DGE in yearly 
program planning. 

4. Technical Contractor Support 

The in-house work will include, as approved by 
DOE/DGE, technical specialist support to program element 
contractors. Support will generally take the form of trouble 
shooting o r  technical advice when a contractor is in need of 
technical assistance to successfully complete the scope of work. 

G. Sandia Support and Relevant Experience 

A s  manager o f  the Drilling and Completions Program, 
Sandia's role and responsibility will be to plan, initiate. 
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~ l i i - c c t ,  integrate and evaluate the activities needed to meet 
t I i c  spccific objectives and schedules of the program. This 
\ v i 1 1  1,c done in close coordination with D O E / D G E  management. 
Sandia possesses the expertise, resources and enthusiasm to 
;icconiplish this role in keeping with the overall spirit and 
o h j  ect ives of the National Geothermal Program. 

Sandia is a DOE systems and component engineering 
. I I I J  development laboratory employing about 7,100 people. O f  

I / i r s c ~ ,  ahout 6,000 people are at the Albuquerque Laboratories 
, i , - l ~  w i l l  have responsibility for this program. Sandia 

: ii701-;1tories has had a wealth of experience in planning and 
~ , i i ~ ; i y  i n g  important national programs, both large and small. 

For the necessary technical and administrative 
i i p1 )o r t  of the program, the Sandia Program Manager will draw 

, ; ~ - ~ ~ i i  t h c  resources of various Sandia organizations as needed. 
i k ,  indicated in Figure 7. All of the organizations listed, 

x x \ t - - t ’ p t  t h c  legal organization, are directorates typically having 
i -  150 people each. These organizations are engaged in a 

1 1 i ~ l j ; i J  range of research and technology development and possess 
1 i ’ o o l  of technological expertise relative to the program. 

‘iiic Program Manager will task these functional organizations for 
j\io~cct support. Especially related to the project are Sandia’s 
1 ~c-hnical capabilities in the areas of 

a) Systems analysis and research 
b) Computer code modeling and parametric studies 

c) Materials and device physics 
d)  Materials and process development 
e) Rock mechanics research 
f) Component and subsystem evaluation and 

g) Subsystem and system compatibility testing 

of energy systems 

environmental testing 

Sandia is strongly committed to the development of 
gco-energy sources as demonstrated by current programs in the 
following areas: 

n 



In situ coal gasification 
In situ oil shale 
Enhanced gas recovery - -  massive hydraulic 
fracturing 
Chemical studies of the synthoil process 
Magma energy research 
Offshore technology 
Oil and gas drilling technology development 
High temperature well logging development 

Expsrience gained and facilities acquired 'in the planning, 
operation and management of these activities should be of 
value t o  the Drilling and Completions Program. 

The F Y - 7 7  effort in the above geo-energy areas is 
approximately 100 man-years. While substantial, this level 
a f  effort and projected growth needs represent a very small 
fraction o f  the Laboratories' resources. It is expected that 
the present and future manpower and technical needs o f  the 
Drilling and Completions Program can be met without difficulty 
and without disrupting other Laboratory programs. 

The Sandia Laboratories Case Cost System will be 
used for the control and allocation of resources. C o s t  data 
will b e  aggregated by major task level and periodic reports 
will be i s s u e d  to D O E .  For this program, a case  will be 
originated and will contain several subordinate subcases to 
c w e r  various project tasks. 

M. Project Reporting and Technical Review 

1. Project Reviews 

In addition t o  periodic internal, Sandia program 
reviews, formal progress reviews will be conducted semiannually 
for evaluation by DOE/DGE management, Sandia management and 
other designated program reviewers. The reviews will be in 
the form o f  detailed presentations on the status of the 
various program tasks to be given by involved Sandia personnel 
or by the contractors, Project accomplishments as well as 
problem areas affecting objectives, schedules and c o s t s  will 



h c ~  cmphasized. Evaluations from these reviews will be utilized 
t-o update program plans and schedules. Special reviews and 
interface meetings may also be necessary at other times such 
a s  p r i o r  to major program decision points. 

2. Management Reports 

a) Monthly Status Reports - -  A monthly letter 
reporting program status will be submitted to DOE, except when 
t h e  month coincides with the due date for the annual report, 
s how in f: : 

1) Schedule status 
2) Planned and actual costs and obligations 

Planned and actual in-house manpower 
Significant problems or accomplishments 
in reporting period 
Summary of interactions between Sandia 
and other participants in the National 
Program 
Listing of contractor reports and in- 
house technical reports on the program. 

b) Semiannual Reports - -  Semiannual reports will 
hc prepared and will review all aspects of the program. These 
reports will cover the achievements of the period and their 
implications relative to overall program objectives and mile- 
stones and will provide a measure of performance with respect 
to goals set forth at the beginning of the year. 

c) Contractor Reports - -  Contractors will submit 
periodic progress reports to Sandia detailing the activities 
and accomplishments of their work. Emphasis will be on techni- 

I cal results, schedules, costs and problem areas. Interim and 
f i n a l  contract reports for public dissemination will be issued. 

d) Special Reports and Project Information - -  

From time to time it will be necessary to prepare special 
summary reports which might be dictated by completion of a 
major program activity or by unusual or unexpected developments 
affecting the overall program. Program information in the form 



of visual aids, desk-top models and prototype hardware will be 
furnished to DOE/DGE to aid the staff in presenting program 
overviews as needed. 

3. Dissemination of Technical Information 

In order to provide timely technical information to 
interested scientific and industrial communities at large, 
Sandia personnel actively involved in the technical work will 
participate in and present technical papers at scientific 
mestings and workshops. Contractor representatives will also 
be encouraged to do s o .  Significant technical accomplishments 
will be written in the form of special reports or will be 
submitted t o  appropriate scientific and technical journals. 
Publication of research results by contractors will be encouraged, 
but will be in accordance with the terms o f  the contract and 
conditions regarding release of information. 
releases will be coordinated with the DGE management at D O E ,  
Seminars and workshops will be organized as deemed useful. 

Sandia is a no-fee, non-profit DOE laboratory, and 
energy RGD information is made available to all interested 
parties. All patents awarded to Sandia's staff are assigned 
to the U, S. Government and are handled in accordance with DOE 
p o l i c i e s  to p r o t e c t  t h e  public interest. 

Sandia public 
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The Drilling and Completions Program and the overall DOE 
Geothermal Program will be designed to encourage the development 
and implementation of geothermal energy sources by private 
industry. Therefore, Sandia will give special attention to the 
question of technology transfer and research utilization. 

It is expected that the results of work performed under 
this program will be communicated on a timely basis by both 
contractor and Sandia staff to suppliers, manufacturers, users 
and regulatory agencies. 
be employed including: 

Various modes of communication will 

A. Publication of results in frequent progress reports 
and in scientific, technical and trade journals; 

B. Presentations at appropriate meetings and conferences; 
and 

C. Scheduling o f  information meetings, conferences, work- 
shops and symposia which will be open to the general 
public. 

It is essential that research results produced under this 
program be made available on a timely basis to DOE/DGE Mission 
Team Leaders and that problems arising in the respective mission 
regions be communicated to the Drilling and Completions Program 
so that needed supporting research can be initiated. The 
Sandia Program Manager will establish a close liaison with 
the Mission Team Leaders to accomplish this objective. 

Industrial participation and guidance are strongly encouraged 
in this program. 
and the program is the Well Technology Panel. This 
panel comprises drilling contractors, equipment manufacturers, 
and representatives from the operating companies. Periodic 

meetings of this panel will be convened to discuss research 
results and to identify areas where further research is needed. 
The composition of the panel will be modified as required to 
provide the proper programmatic guidance. 

An important factor pertaining to technology transfer is 
the fact that Sandia is fully committed to the concept of early 

The first point of contact between industry 
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and extensive involvement o f  industry, university and other 
agencies in all phases of energy research and development. 
Thus the major portion o f  the program's activities will be 
performed by the private sector and other institutions under 
cantract to Sandia. Among others, the participation o f  equip- 
ment manufacturers, independent research firms, drilling con- 
tractors and operating companies will be sought. 



APPENDIX A 

- ,  Example of Geothermal Well Cost Analysis 

'The identification of research tasks in this program 
rcquires an assessment of the potential impact on well cost of 
tach proposed task. At the present time, sufficient data on 
well cost are not available to allow performance of this 
assessment for all potential tasks in the various reservoir 
types. An effort is presently underway to obtain appropriate 
technical and cost information. In the meantime, it is 
informative to illustrate the methods that will be used in this 
program to determine cost sensitivity. An example of geothermal 
wcll  cost and its sensitivity to technological factors is 
prescnted h e r e .  It should be emphasized that the example shown 
liere is for only one well and that different sensitivities 
\ \ i l l  be exhibited by different wells and in different reservoir 
t y p c s .  Further, it is not suggested that this well is either 
t y p i c a l  or average. Nevertheless, the example is useful in 
(1 c' s c r i b in g t he appro ac h . 

The costs of one well in the Geysers field have been com- 
piled and are summarized in Figure 9. This well was drilled to 
a total depth of 9,000 feet at a total cost of $900,000. 

For  illustrative purposes, the costs are broken down into 
f o u r  categories: fishing costs, rig costs while drilling, rig 
costs while on location but not drilling, and completions and 
other costs. Also shown are projections for cost reductions 
which might be achieved with certain assumed improvements in 
t c c h n o l o g y .  Improvements are assumed in average penetration 
r n t c  and in high temperature drilling fluids. 

Of the total well costs, approximately 56% is attributable 
to complction costs and to non-rotating rig time. The 
"completion and other cost" category includes the cost of 
casing, cementing and tool rental. Non-rotating rig time 
includes running casing, waiting time, and other rig charges, 
It is likely that these charges can be reduced with improved 

n 



technology; however, no estimate of the potential reduction 
in these costs is attempted here. 

cost can be quantified as shown in ( A ) ,  (B) and (C )  of Figure 9. 
(A )  assumes an increase of 5 0 %  in average instantaneous penetra- 
tion rate with a resulting decrease in well cost of 7 % .  F o r  
a doubling of penetration rate, the well cost is reduced by 
approximately 11%, and for an increase in penetration rate by 
a factor of 5 ,  the well cost is reduced by approximately 18%. 
Note that only 2 2 %  of the total cost of this well is directly 
attributable to direct drilling costs. It is clear that no 
improvement in rate of penetration will, by itself, achieve a 
2 5 %  reduction in cost. 

Fishing charges on this well amounted to 2 2 . 3 %  of the 
total well cost. These charges were the indirect result of 
the lack of a suitable high temperature drilling fluid. While 
drilling with air, the well started to produce water. Attempts 
to control the well resulted in stuck drill pipe and subsequent 
fishing operations. The development of a high temperature 
drilling fluid capable of providing well control could potentially 
have prevented this problem and reduced well cost substantially. 
Graphs (B) and (C) assume that fishing charges are eliminated and 
that penetration rates are also increased. Graph (C) indicates 
that if a suitable drilling fluid is developed and if the pene- 
tration rate were increased by a factor of 5 ,  a maximum cost 
reduction of 4 0 %  would be possible on this particular well. 

This simple graphical analysis ignores certain inter- 
dependencies of the cost categories, e.g., some non-rotating 
rig time and additional completion costs resulting from the 
necessity of the fishing operations. A l s o ,  it is not suggested 
that cost reductions are impossible in non-rotating or comple- 
tions costs. Data for this well are simply not sufficient to 
make defensible predictions for such improvements. 

It should be emphasized that different cost breakdowns 
will be exhibited by other wells in different reservoir types. 
Costs for deeper wells may be more sensitive to rate of 

The effect of increased rate-of-penetration on footage 
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pciictration. Other wells may encounter different problems. 
l o r  example, Well No. 2 at Raft River encountered cementing 
difficulties due to the high temperature environment which 
accounted for approximately 16% of the total well cost. A 
computer program which will allow the assessment of well cost 
scns  i tivity to various drilling factors will be developed 
c a r  1) in this program. 

IVhilc not conclusive, t h i s  example emphasizes certain facts. 
l ’ i r s t ,  research is needed in a broad range of technical areas 
to rcducc rotating and contingency costs and also to reduce 
non-rotating and completions costs. Second, it appears that 
;I program directed only at rate of penetration increases and 
materials improvements will not meet the goal of a 50% reduction 
in wel l  cost by 1986. This fact emphasizes the need for a 
rcsearch program directed at both improvements in rotary 
t c ~ c l i n o l o g y  and advanced methods for drilling and completing 

c’ o t 11 e rma 1 we 1 1 s . 
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