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ABSTRACT 

Lost circulation during drilling and comple- 
tion of geothermal wells can be a severe 
problem, particularly in naturally fractured 
and/or vugular formations. Geothermal and 
petroleum operators, drilling service compa- 
nies, and independent consultants were inter- 
viewed to assess the lost circulation problem 
in geothermal wells and to determine general 
practices for preventing lost circulation. 
This report documents the results and conclu- 
sions from the interviews and presents recom- 
mendations for needed research. In addition, 
a survey was also madeofthe lost circulation 
literature,of ourrently available lost circu- 
lation materials,and of existing lost circu- 
lation test equipment. 
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SUMMARY AND CONCLUSIONS 

Based on results from our survey of industry experience, 
geothermal operators are using conventional petroleum methods 
for fighting lost circulation problems. These range from LCM 
to gunk squeezes. Our survey indicates that these methods may 
or may not be successful in overcoming lost circulation, depend- 
ing on particular downhole conditions. At present, we are not 
aware of any major new advancements in methods ormaterials put 
fcjrth to solve geothermal lost circulation problems. 

Geothermal Drilling Conclusions 

The following observations and conclusions summarize current 
drilling practices for handling lost circulation in geothermal 
wells: c 

F 
, ,  

1. In sedimentary formations such as the Imperial Valley, 
lost circulation is not a severe problem. 
weight, solids control, and proper hydraulics for hole cleaning 
are sufficient for handling lost circulation when it occurs. 

Use of LCM, low mud 

2. The worst conditions for lost circulation occur in low 
pressure fractured and/or vugular formations, such as the Geysers. 
Geothermal and petroleum operators believe that pressure parting 
and thermal stress cracking due to drilling contribute to the 
problem, but to what extent is unknown. In these fractured and 
vugular formations, LCM is generally tried first, followed by 
cement plugs, followed by blind drilling as a last resort. 

3. Shale swelling and wellbore instability can accompany 
lost circulation. Low mud weight for lost circulation control 
may not generate sufficient downhole pressure to stabilize shale 
zones. &educed flow rates above lost circulation intervals cause 
hole cleaning problems and increased fill on bottom, These problems 
can lead to stuck pipe. With low mud weights, proper mud chemistry 
is important for control of shale swelling. If wellbore instability 
is severe and cannot be controlled, the general practice is to 
set casing to provide wellbore support before commencing with 
deeper drilling. 

but the concerns of persons interviewed i's that the extra cost 
in equipment and rig time does not justify its use. 
concentric drill string may prevent lost circulation of mud during 
drilling, the problem during-cementing of casing remains. 

., 

* 

- 

4. Concentric drill pipe has been tried by some operators, 

Although 

Cementing and Casing Design Conclusions 

When LCM is not effective, setting of cement plugs is the 
common practice for sealing lost circulation zones. Numerous 
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plugs are often required in order to completely seal a lost circula- 
tion interval. From our survey of industry experience, the following 
conclusions are offered: 

1. Cement plugging of lost circulation zones in geothermal 
wells is often unsuccessful, particularly on the first attempt. 
The major reason 
rately enough for determining needed amounts of retarder. Also, 
movement of formation water and wellbore fluids can wash away 
the cement slurry or inhibit the setting reaction. 

is downhole temperature which is not known accu- 

2. Diesel oil-bentonite-cement gunk squeezes, which are 
used successfully by the petroleum industry to combat severe lost 
circulation, are generally not used in geothermal drilling because 
of environmental reasons associated with the diesel oil compgnent. 
Furthermore, gunk squeezes are difficult to properly design for 
geothermal wells since the annulus fluid level above the lost 
circulation zone is not usually known. 

3. Sodium silicate systems are being used by some geothermal 
operators to control total loss of circulation. The sodium silicate 
gel is pumped into the lost circulation zone ahead of cement, 
and forms a barrier to retain the slurry while it sets. 

4. When setting casing through a lost circulation interval, 
a liner and tieback string are recommended. The liner can be 
cemented from above and below to ensure a good cement job. Once 
the liner is set opposite the lost circulation zone, the tieback 
string can be cemented through a full-opening port without loss 
of circulation. The full cemented tieback string has no casing 
wear from drilling and is undamaged from tripping, fishing, plugging, 
and other operations. 

5. Casing problems can result from poorly cemented lost 
circulation sections. Eccentric loads and stress concentrations 
can occur due to unequal cement support around the casing. EX- 
posure to formation fluids, particularly flowing fluids, can cause 
corrosion, pitting, and wear along with hot spots and thermal 
strains in the casing. 

RECOMMENDATIONS 

The conclusions presented in the previous section indicate 
that little R & D effort is presently directed at lost circulation 
problems in geothermal wells. 
conventional technology. 
cant contribution. 

The state-of-the-art relies on 
We believe that R & D can make a signifi- 
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Six specific research areas have been identified from the 
industry interviews. These are discussed separately below. 

Full Scale Testinq Facility 

In order to evaluate lost circulation materials and pro- 
cedures under field parameters and to understand the effects of 
dowhole conditions, i t  would be advantageous and economical to 
perform full scale tests in a laboratory before going to the field. 
This requires a facility for performing t e s t s  under simulated 
field situations. Such a facility does not presently exist, and, 
hence, any new developments for control of lost circulation can 
onlybetested in the field. Not only arefield site preparation 
and rig time expensive, but f ield testing provides only limited 
information because downhole conditions cannot be varied and down- 
hole measurements are difficuxt to obtain, 

It is recommended that a full scale testing facility be designed 
and constructed. 
dently simulate the following downhole conditions: 

The apparatus should have capability to indepen- 

I 

1. Full diameter borehole i 
1 
1 2. Wellbore circulation flow at variable flow rates i 
I 
I 3. Circulating fluids of different types, including dements 

and polymers 
I 

4 .  LCM at various concentrations 

5. Formation rock types 

6. Rock permeabilityJ including fractures and vugs 
1 

7. 

8. 

9. 

Insitu rock stresses and pore pressures 

Wellbore pressures and equivalent circulqting densities 

Fluid temperatures and formation temperatures. 

1 

E 

Small Scale Laboratory Equipment 

In addition to full-scale testing under simulated field condi- 

plugging capability of LCM in a "dual flow mode" rather than 
tions as discussed in a e  
the 
a single flow mode as is done in existing equipment (see Section 
11-3 on the API and IMCO testers)- 
use a slot aligned with the flow direction so that flow stops 
when the slot is bridged and plugged. 
periences the  full dynamic pressure of the flow, rather than the 

section, it would be practical to test 

The API and IMCO equipment 

This means the slot ex- 
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actual normal pressure as in a wellbore. 
plugging characteristics and plug strength as measured in the 
test may not be representative of field behavior. 

To better simulate field flowing conditions, a dual flow 
tester is recommended h e r e  flow through the slot (simulating a 
fracture or permeability) is independent of flow pass the slot 
(simulating a wellbore), This requires a flow channel with slots 
perpendicular to the channel, providing one flow inlet and two 
flow outlets. Such a device sbuld have capability to provide back 
pressure on the slot indebendent of the channel outlet pressure. 
Formation pressure and wellbore pressure can then be simulated 
simultaneously. 

Under such conditions, 

High temperature capability should also be included. 
Correlation of Field Experience i 

The first step in a R & D program on lost circulation should 
be compilation and correlation of existing industry experience. A . 
detailed survey and evaluation of well data and drilling reports 
should be undertaken to determine specific downhole conditions lead- 
ing to lost circulation problems. The success rate of different 
remedies for different downhole conditions should be identified. 
Problems unique to either petroleum or geothermal operations, as well 
as problems common to both, should be considered in order to evaluate 
all factors that may affect lost circulation. It is recommended that 
the following four lost circulation categories be considered separately 
since each represents a distinct problem: 

1. Drilling large holes 

2. Rapid drilling 

3 .  

4 .  

Drilling through abnormal pressure zones 

Drilling through naturally fractured and/or vugular zones. 

The first two categories constitute drilling-induced problems 
related to hole cleaning capability and equivalent circulating 
densities. The last two categories are formation-induced problems. 

Although the four categories represent separate causes of 
lost circulation, the categories can be interrelated and this 
is important for evaluating the primary causes of specific problems. 
For example, categories 1 and 2 can aggravate and magnify categories 
3 an 4 and, conversely, categories 3 and 4 can lead to drilling 
induced problems similar to categories 1 and 2. 
tion occurred in the Los Alamos wells described in Section 1-1.3. 

Information and experience within each category should prove 
useful for evaluating the influence from other categories. 
from a study of this type will not only provide a data base for 
lost circulation, but will also serve to identify technical areas 
for future research. In addition, the results can be used for 
interpreting new concepts and for testing and evaluation of analytical 
models . 

b 

The latter situa- 

Results 
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New Cements and Pluqging Systems 

Research on materials for plugging of geothermal formations 
should be updated. The study should consider, not only plugging 
capability, but also handling, pumping, and placement techniques. 
The investigation should emphasize methods and materials for plug- 
ging fractured and vugular formations. . 

In our literature search on lost circulation (see Section II- 
more than two-thirds of the references were patents, all of which 
deal with methods and materials for formation plugging as shown 
in Tables 1 and 2. We recommend that these patents be further 
evaluated. Many of $he patents are associated with sand con- 
solidation systems and placement techniques for sand control pur- 
poses. Others are related to selective plugging for reservoir 
injection and secondary recovery purposes. Materials, equipment, 
and methods developed for these applications may have use for 
lost circulation. 

Analytical Formation Plugging Model 

An analytical model of lost circulation would be useful for: 

1. Evaluation of the various parameters that affect formation 
plugging and lost circulation, and 

2. Design of remedial procedures for specific well conditions. 

Many parameters influence lost circulation. Drilling parameters 
include drilling rate, circulation rate, mud rheology, LCM size 
and concentration, and wellbore,geometry. Formation parameters 
include pore pressure, overburden stresses,permeability, fracture 
or vug size, and geothermal temperatures. A mathematical model 
that incorporates these parameters as variables should be formulated 
in terms of fluid mechanics principles. 

The model shouldbetested and correlated with field data 
and sensitivity studies should be performed on the dependent para- 
meters. The sensitivity studies will identify the most important 
variables. 

3 With an analytical Godel, design considerations can be evaluated 
for control of lost circulation under given field conditions. 
It may be possible to construct charts or nomographs for selection 
of drilling parameters and lost circulation materials for specific 
well conditions. 

Logging Tool for  Lost Circulation 

Size of formation fractures and vugs should be known in order 
to properly bridge and plug lost circulation zones. 
tool for measurement of fracture/vug size would be useful for 
design of remedial procedures. 
of a logging type tool for this purpose be undertaken. 

A wellbore 

It is recommended that development 

11,12 
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I RESULTS OF INDUSTRY INTERVIEWS 

1-1 Interview Procedure and Objectives 

To assess current drilling and completion practices for han- 
dling lost circulation in goethermal wells, industry representatives 
were interviewed by direct contact and visits. The interview format 
was based on thediscussion topics and questions as outlined in 
Appendix A. Four geothermal operators, two petroleum operators, 
three drilling service companies, and two consulting companies 
comprise the interview group. The specific objectives of the 
interviews were the following: 

1. Identify the common causes for lost circulation in 
geothermal wells. 

2 .  Evaluate the general procedures for preventing lost 
circulation from occurring and the methods used for overcoming 
lost circulation after it has occurred. 

Compare findings from the geothermal and petroleum 
industry and draw on petroleum experience to determine potential 
solutions for application to the geothermal industry. 

4 .  Make recommendations for new approaches and for needed 
research to solve the lost circulation problem in geothermal 
wells. 

Objectives 1, 2 ,  and 3 were achieved directly from the 
interviews. Each region is discussed separately below. The results 
of the interviews and an overall assessment of geothermal lost 
circulation are presented above in the Summary and Conclusions 
section. 
in the Recommendations section. 

3 .  

Objective 4 on recommendations is also discussed above 

1-2 Geothermal Regions 

1-2.1 Geysers In the steam dominated Geyser field, 
reservoir pressure is low, compared to the higher pressures of 
the water dominated reservoirs in Utah and Baca. 
the lost circulation problem because of drilling induced pressure 

lost circulation in the Geysers is governed principally by pressure 
parting or by natural fractures and vugs, and to what extent the 
two mechanisms interact and contribute to the problem. 

This can magnify 

2 parting of the rock formations. Operators are uncertaih whether 
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The present solution for lost circulation control involves 
cement and sodium silicate. If the loss is partial, then lost 
circulation additives (usually mica or walnut hulls) and/or straight 
cement are used. Total loss is controlled with cement preceded by 
sodium silicate gel. Gunk squeezes are not used because of environ- 
mental factors and because of the difficulty in determining mixture 
ratios for the squeeze. Without annulus fluid levels, the balanced 
plug method for designing a gunk squeeze cannot be used to calculate 
proper mixture ratios. 

Open hole logs are not generally run in the Geysers. Bore- 
hole detection devices such as spinner surveys and borehole tele- 
viewers are not generally used. The existing version of borehole 
televiewer cannot withstand the elevated temperatures, but the U . S .  
Geological Survey has developed a new model which may be serviceable. 
Presently, operators cannot specifically identify and accurately 
locate individual lost circulation zones in open hole. In cased 
holes, the cement bond log is run, but is not dependable for locat- 
ing lost cement zones or voids behind pipe. 

Concentric drill string has been tried by some operators, 
but did not perform well and the additional running time caused 
the system to be uneconomic. 

1-2.2 Imperial Valley Although lost circulation is not a 
major problem in the sedimentary formations of this geothermal region, 
LCM is sometimes used due to pressure induced lost circulation. 
general, conventional muds with thinners for high temperature problems 
and mud densities of 9-10 ppg, and good drilling practices with 
effective rheology, hydraulics, and solids control to maintain theproper 
equivalent circulating density, will prevent lost circulation problems 
from occurring in the Imperial Valley. 

'In 

In theory, lost circulation material should not be needed 
in the Imperial Valley, but in practice LCM is helpful, particu- 
larly in the very permeable sediments. 
a reduction in annulus pressure which complicates the ability 
to control lost circulation through mud weight alone. 
selection methods for lost circulation material do not always 
correlate in the Imperial Valley with formation plugging needs. 
LCM seldom stops lost circulation, but usually reduces it signi- 
f icantly . 

Lost circulation creates 

Grain size 

With regard to cementing in the Imperial Valley, operators 

Remedial cementing is sometimes necessary 
are not aware of lost circulation problems, even though cement 
weights exceed 9 ppg. 
because of cement fingering caused by underground water percolation. 

Two types of casing problems in the Imperial Valley are noted. 
One is corrosion associated with underground water percolation 
which could be due to improper cement sealing resulting from lost 
circulation during cementing. 
buckling due to temperature changes during operations. 

The other is thermal parting and/or 
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1-2.3 Utah M o s t  experience w i t h  lost  c i r c u l a t i o n  has  

occurred i n  t h e  Roosevelt l ease .  Depth t o  t h e  t o p  of t h e  r e s e r v o i r  
a t  Roosevelt  v a r i e s  across t h e  f i e l d  between 1200-7500 f e e t .  L o s t  
c i r c u l a t i o n  occurs  i n  t h e  g r a n i t e  which is  covered by a mantle of 
sedimentary formations.  

occurred a t  Roosevelt ,  even though 10-20 cyc les  of on-off pro- 
duc t ion  have taken p lace .  

N o  ca s ing  problems such as buckling or thread jump have 

Concentr ic  d r i l l  s t r i n g  was considered and was inqui red  i n t o  
for  d r i l l i n g  los t  c i r c u l a t i o n  zones but  has not  been used. 
borehole  t e l ev iewer  has  been used i n  some w e l l s  a f ter  d r i l l i n g  t o  
i n s p e c t  f r a c t u r e s ,  b u t  gene ra l ly  such d e t e c t i o n  methods and sen&- 
i n g  dev ices  for l o s t  c i r c u l a t i o n  eva lua t ion  are n o t  used. 

The 

I n  one Roosevelt w e l l ,  los t  c i r c u l a t i o n  was p a r t i c u l a r l y  
severe. 
formation f l u i d s  were encountered during d r i l l i n g  of the  lost  
c i r c u l a t i o n  zone and, hence , f lu id  pressure  d i f f e r e n t i a l  w a s  h ighly 
overbalanced. 
produced du r ing  tests i n  nearby production w e l l s .  When f i r s t  used 
a s  an i n j e c t o r ,  t he  w e l l  would n o t  accept  a l l  f l u i d  i n j e c t e d  and t h e  
c a s i n g  w a s  then  pe r fo ra t ed  oppos i te  t h e  l o s t  c i r c u l a t i o n  zone. N o  
i n j e c t i o n  problems have occurred s ince .  
i ng ,  t h e  w e l l  los t  i n j e c t i o n  f l u i d  
wi th  no f l u i d  s t and ing  i n  t h e  casing.  
t i o n  p e r i o d s ,  t h e  w e l l  began holding f l u i d ,  i nd ica t ing  tha t  t h e  los t  
c i r c u l a t i o n  zone became less permeable. 

The problem w a s  aggravated i n  p a r t  by t h e  f a c t  t h a t  no 

The w e l l  is  p resen t ly  used for r e i n j e c t i o n  of f l u i d s  

I n i t i a l l y ,  after pe r fo ra t -  

But a f t e r  a number of i n j ec -  
t o  t h e  l o s t  c i r c u l a t i o n  zone 

The l o s t  c i r c u l a t i o n  problem i n  t h e  Roosevelt w e l l  started 
a t  1655 feet when t h e  d r i l l  p ipe  dropped t w o  feet. Approximately 
t w o  weeks were requ i r ed  t o  d r i l l  ghrough t h e  lost  c i r c u l a t i o n  zone 

presented a major p a r t  of t h e  t o t a l  w e l l  cost. 
exper ience  through t h e  l o s t  c i r c u l a t i o n  zones i n  t h i s  w e l l  is docu- 
mented i n  Appendix B and demonstrates the s e v e r i t y  of t h e  problem 
(lost c i r c u l a t i o n  ma te r i a l s  used i n c l u d e  large amounts of lumped 
coal, a l f a l f a  cubes,  and p l a s t i c  bags f i l l e d  wi th  wood and b a r i t e ) .  

I n  t h e  Baca a r e a ,  l o s t  c i r c u l a t i o n  i s  a problem 
i n  f r a c t u r e d  rock of  t h e  Bandalera tu f f , caus ing  water flows from 
above i n  t h e  Caldera f i l l  because of pressure  unbalance. 
i n f l u x  i n t o  t he  wellbore i s  accompanied by hole  caving and sloughing, 
gene ra t ing  a d d i t i o n a l  d r i l l i n g  problems. I f  -lost c i r c u l a t i o n  r e s u l t s  
i n  p a r t i a l  loss of r e t u r n s ,  then  use of l o s t  c i r c u l a t i o n  material 
i n  t h e  d r i l l i n g  mud is  normally t r i e d .  
cement s p o t t i n g  and squeezing i s  used. 

1-2.5 LASL H o t  D r y  Rock Severe lost  c i r c u l a t i o n  prob-lems have 
occurred du r ing  d r i l l i n g  of t h e  w e l l s  f o r  t h e  Los Alamos H o t  Dry 
Rock project. 
i s  complicated by swel l ing  s h a l e s  above t h e  limestone and unexplained 
cas ing  f a i l u r e s .  
i s  t o  set cas ing  immediately above and below t h e  t h i e f  zone. 
w e l l ,  concen t r i c  d r i l l  s t r i n g  was success fu l ly  used over a p o r t i o n  
of t h e  hole for  control  of los t  c i r c u l a t i o n .  

from 1655-2000 ‘feet. The e x t r a  cost i n  r i g  t i m e  and m a t e r i a l s  re- 
The day-by-day 

i 

1-2.4 Baca 

The water 

I f  t h e  loss is  to t a l ,  then  

I n  these w e l l s  los t  c i r c u l a t i o n  i n  vugular l imestone 

P resen t  approach f o r  handling t h e  los t  c i r c u l a t i o n  
I n  one 
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Of particular interest are thecasing failures(ho1es and 
splits in the casing wall) experienced in the EE-2 well after 
drilling and cementing were completed. 
related to the lost circulation zones which could lead to poor 
cementing and improper casing support. Thermal stresses may be 
induced in the casing where formation fluids contact the pipe in 
partially cemented zones, and overburden loads may cause buckling 
of casing in unsupported regions, Also, trapped fluids due to 
poor mud displacement by cement can result in collapse pressures 
due to thermal expansion. Another source of potential casing 
problems in poorly cemented sections is corrosion and pitting 
due to formation fluid movement along the pipe. If the fluid 
contains formation fines, then erosion and pipe cutting can also 
occur. Such a situation may result due to fluid circulation down 
the wellbore from a water zone to a lost circulation zone. The 
specific reason or causes for the casing problems in the EE-2 well 
have not been identified. 

Such failures may be 

A complete description of the lost circulation history in 
the GT-2 and EE-1 wells is provided in References 1 and 2. 
1-3 Lost Circulation Concepts for Geothermal Drillinq and Completion 

1-3.1 Causes of Lost Circulation 
When lost circulation occurs, it is important that causes be 

identified in order that proper remedial procedures can be imple- 
mented, Lost circulation in petroleum and/or geothermal wells can 
be grouped into one of the following four categories: 

1. Surface Drilling - For surface hole drilling, forma- 
tions are generally weak and hole diameter is large. Drill solids 
from the large hole can build up, generating relatively high down- 
hole pressures that may break the formation. 

2. Rapid Drilling - High equivalent circulating density 
can cause pressures that may exceed the closure stress, Fast 
penetration rates can load the annulus with drill solids, creating 
rheology and hydraulic problems. 

3 .  Abnormal Pressure - In drilling through high pressure 
zones, mud weight is normally increased for well control purposes, 
but lost circulation may result if a low or normally pressured zone 
is also encountered. General practice is to set casing through the 
high pressure interval and change back to normal mud weight for 
deeper drilling. This requires careful casing point selection. 
Otherwise, both the high pressure interval and the lost circulation 
zone will be exposed simultaneously in open hole. 

4 .  Fractured Formations - When encountered, the general 
practice is to add LCM to maintain returns or use a cement squeeze 
if LMC is unsuccessful. If necessary, the hole should be forced 
to desired depth, but the lost circulation problem must be solved 
at each interval before drilling deeper since, otherwise, problems 
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can compound or occur later.  
possible and t h e  cas ing  shoe should always be tested. 
d r i l l i n g  should n o t  commence unless  the cas ing  seat holds pressure.  

Casing should be set  a$ soon as 
Deeper . 

1.03.2 S e l e c t i o n  of Lost C i r c u l a t i o n  Materials 

Without knowledge of  po ros i ty  or f r a c t u r e  geome-ry, smaller 
l o s t  c i r c u l a t i o n  materials should be t r i e d  first, w i t h  pro- 
g r e s s i v e l y  larger LCM used i f  the smaller materials are not  
successfu l .  However, as is customary, l a r g e r  ma te r i a l s  are 
gene ra l ly  tried first w i t h  t h e  hope of so lv ing  the problem 
quickly ,  b u t  this can lead t o  even greater problems. Larger 
LCM r e q u i r e s  s p e c i a l  care i n  mud handling, pumping is  more 
d i f f i c u l t ,  and shut-downs are o f t e n  needed for  s o l i d s  control .  
Approaching t h e  problem w i t h  smaller materials f i r s t  allows 
better d e f i n i t i o n  of t h e  downhole problem and provides usefu l  
t e c h n i c a l  i n f o m a t i o n  f o r  subsequent operat ions.  

mud is  important.  
determined t h a t  1 0  lb/bbl 1s the maximum concent ra t ian  needed 
for  effective plugging, 
the br idging  c a p a b i l i t y  and do cause s o l i d s  con t ro l  problems. 
I f  10 lb/bbl concent ra t ion  does no t  plug the lost  c i r c u l a t i o n  
zone, then a 50 lb/bbl p i l l  should be s p o t t e d  i n t o  t h e  i n t e r v a l .  

For br idging purposes, t he ' concen t r a t ion  bf L C M  i n  t h e  
For example, w i t h  walnut h u l l s ,  one opera tor  

Greater concent ra t ions  do not inc rease  

As a gene ra l  t u l e ,  LCM br idg ing  of f r a c t u r e s  r equ i r e s  t h a t  
the maximum particle s i z e  diameter be one-half the f r a c t u r e  
width and t h a t  5% by volume of mud solids be br idging s i ze .  
LCM s i z e  g rada t ion  i s  then  r equ i r ed  for complete c o n t r o l  of los t  
c i r c u l a t i o n .  This  is usua l ly  b u i l t  i n t o  most LCM because of 
the grinding process used for manufacture, which pto\ti.de the 
f u l l  range of coarse, medium, and fline particles. 

I n  a d d i t i o n  to br idg ing  and plugging characteristics, 
t h e  LCM compressive strength a t  downhole temperatures is a 
c r i t i ca l  parameter for geothermal d r i l l i n g .  
an LCM plug must be designed t o  withstand wellbore d i f f e r e n t i a l  
p re s su re  across the  plug. ' 

Afte r  placement, 

1 - 3 . 3  Cementing Considerations 

A major problem w i t h  cement squeezing and plugging of l o s t  
c i r c u l a t i o n  zones is determining t h e  temperature at which the 
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s l u r r y  reaches bottom so t h a t  squeezes can be properly designed 
with retarder or accelerator. If a c t u a l  temperature i s  greater 
than  expected, then  t h e  s l u r r y  may set i n  the d r i l l  s t r i n g  causing 
an  expensive clean-out. I f ,  on t h e  otherhand, t h e  temperature i s  
less than  expected, t h e  set t i m e  w i l l  be excessive and w i l l  probably 
r e s u l t  i n  the s l u r r v  flowing o u t  t h e  l o s t  c i r c u l a t i o n  zone before 
it sets. I d e a l l y ,  the s l u r r y  should begin t o  set as it is  pumped 
i n t o  the  l o s t  c i r c u l a t i o n  zone, b u t  t h i s  i s  very dependent on 
downhole temperature. 

Cement may no t  be t h e  optimum f i l l  material i f  l o s t  c i rcu-  
l a t i o n  is  pressure  induced. 
overexpand previously induced f r a c t u r e s ,  bu t  may also create 
new f r a c t u r e s .  L ight  weight fill material t h a t  can expand dur- 
i ng  s e t t i n g  would reduce p res su re  p a r t i n g  and provide an e f fec-  
t i v e  seal af ter  placement. Such a f i l l  ma te r i a l  for  high temp- 
e r a t u r e  a p p l i c a t i o n  has no t  been developed. 

because of water movement around the s l u r r y  after placement. 
Light  weight cements which gene ra l ly  r e q u i r e  longer s e t t i n g  
t i m e s  are p a r t i c u l a r l y  s u s c e p t i b l e  t o  washing away. 

of casing.  Wellbore o b s t r u c t i o n s  caused by cement plugs can 
genera te  problems when running cas ing ,  d i sp l ac ing  mud, and cir- 
c u l a t i n g  cement . 

1-3.4 

With both l o s t  c i r c u l a t i o n  and swel l ing  shales as i n  t h e  

Cementing pressures  w i l l  no t  only 

I n  geothermal w e l l s ,  cement squeezes may not  set properly 

Cement plugs i n  l o s t  c i r c u l a t i o n  zones may hinder cementing 

Swelling Shales Together w i t h  L o s t  C i r cu la t ion  

Los  A l a m o s  w e l l s ,  mud weight has both positive and negat ive 
e f f e c t s .  Low mud weight i s  needed fo r  l o s t  c i r c u l a t i o n  con t ro l ,  
bu t  t h e  reduced h y d r o s t a t i c  mud p res su re  causes shales td  s w e l l .  
T h i s  can only  be countered w i t h  proper mud chemistry t h a t  in-  
h i b i t s  shale swel l ing.  I n  shale zones above l o s t  c i r c u l a t i o n  
i n t e r v a l s ,  t h e  lower f l o w  rqtes imply less car ry ing  capac i ty  
and greater hole fill, and toge the r  with shale swel l ing,  gene- 
rate g r e a t e r  tendency f o r  s tuck  pipe.  T h i s  expla ins  the s tuck  
p ipe  problems encountered i n  the Los A l a m o s  w e l l s .  

1-3.5 N e w  Concepts and A l t e r n a t i v e s  t o  Cement Squeezes 

Bentonite-diesel-cement gunk squeezes are regarded by 
ope ra to r s  as having high p o t e n t i a l  for con t ro l  of t o t a l  lost  
c i r c u l a t i o n ,  bu t  these systems must be properly designed and 
implemented t o  be success fu l  and, furthermore, the diesel 
component may n o t  be acceptab le  f o r  environment reasons. 
some research, it may be poss ib l e  t o  r ep lace  t h e  diesel w i t h  
another  c o n s t i t u e n t  t h a t  i s  environmentally acceptable.  

With 

18 
\ 



An active research program was undertaken by one drilling 
, service company to solve lost circulation in the ~eysers131. 
The research involves sodium silicate as a sealing agent. The 
project was uridertaken with the objective.of formulating an 
additive to drilling mud to create a cement-type system, with- 
out the need to use cementing equipment and cement placement 
procedures. Major advantages of such a system are: 

1. Material can be stdred on location. 

2. Material can be added to mud and left in a pit at the 
surface. When lost returns occurs, accelerator can be added 
to the mud and the slurry pumped down the hole. 

equipment and personnel. 

with the new system which is a combination of cement, clay, 
silicates and other ingredients, 
tarded and must be accelerated for application depending on 
battom hole temperature. 

The product is designed far temperatures ,of 250°- 
350 F, which corresponds to the expected range of operating 
temperatures in the wellbore. This is cooler than undisturbed 
geothermal temperatures because of wellbore cooling during 
drilling and circulation. If the well is static before plugging 
operations commence, then temperatures will increase, 

be a viable alternative to cement plugging. Sand coated systems 
also-have potential. Frac gells and special sand carrier fluids 
used in sand control are not considered good candidates for 
geothermal applications because of temperature instability. 
Research and development of high temperature gells should be 
undertaken. L 

3. 

Temperature problems with conventional cement still exist 

The method eliminates rig time waiting for cementing 

The system is basically re- 

0 

Thermal set sand consolidation materials are considered to 

1-3.6 Equipment Solutions to, Lost Circulation 

General consensus among petroleum and geothermal operators 
is that equipment solutions such as concentric drill string and 
inflatable packers are not, viable for controlling lost circula- 
tion. Such methods are not economical, represent overkill, and 
should be tyied only as a last resort. The expense of addi- 
tional rig time in handling the equipment and for crew training 
is not justified, particularly in view of the risk that the 
equipment may not solve the problem. Even if the hole can be 
drilled bith concentric drill string, the cementing problem 
still zemains. Inflatable packers (with or without cement as 
a filler) raises questions abaut elastomer instability at 
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elevated temperatures. And what if the packer is not properly 
placed or does not set or seal? Equipment solutions may have 
application in big holes where lost circulation is magnified, 
and mud rheology is more difficult to control. As a general 
practice, operators believe that lost circulation problems, if 
properly evaluated, can be solved with materials, either LCM 
and/or cements with additives. - 

1-3.7 Casing Considerations 

When casing is exposed to geothermal formations because of 
poor cementing induced by lost circulation, thermal stresses may 
be generated due to cold spots associated with water movement 
and corrosion may occur due to solution and temperature electro- 
lysis. A bad cement job can lead to eccentric support and high 
stress points. 
casing, burst or collapse can result from pressure buildup 
when wellbore temperature exceeds the boiling point, as may 
occur during production. 

If water-based fluids are trapped outside 

For improved cementing of casing opposite lost circulation 
zones, a liner and tieback string can be used with the following 
benefits: 

1. Lost circulation zones can be squeezed with cement from 
the top of the liner. 

2. Good cement job between tieback string and casing is 
ensured because the interval opposite the liner has previously 
been cemented, indicating that the lost circulation zone below 
will not effect the cement placement in the casing-casing 
annulus. This eliminates voids and/or pockets of water be- 
tween casing strings. 

production casing string that is undamaged from drilling. 
3 .  The tieback system provides a new wellhead valve and 

1-3.8 Detection and Evaluation Methods 

Operators are not certain whether lost circulation in geo- 
thermal wells is truly unconventional and whether we really know 
the fracture geometry in these geothermal locations. Also, what 
are the temperature effects and to what extent does high temp- 
erature magnify the.conventiona1 lost circulation problem? Lost 
circulation in a given location can be solved only when the 
cause is understood and the governing parameters are identified. 
This suggests the need for detection and evaluation tools. 
though lost circulation zones can be identified with methods 
such as the spinner survey, fracture orientation and width and 
porosity size cannot be determined with existing tools. 

Al- 
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I1 SURVEY OF MATERIALS AND TESTING EQUIPMENT 

11-1 Literature Search 

As part of the overall assessment of lost circulation in 
geothermal wells, a literature search on lost circulation in both 
geothermal and petroleum wells was performed through the Petroleum 
Abstracts service. The references uncovered in the search were 
evaluated and categorized according to the following specific sub- 
ject areas: 

1. Concepts and drilling related causes of lost circulation 

2. Materials for control of lost circulation 

3 .  Methods of placement and procedures used for formation 
plugging 

4. Detection of lost circulation zones 

5 .  Field cases and examples of past experience. 

Each subject area has been summarized and documented and, in this 
form, serves as a single reference source for quick review. 

11-1.1 Search Procedure 

In November 1979, Sandia performed a literature search on 
lost circulationusing two key words - lost circulation and thief 
formation. Upon review of the Sandia search, it was found that 
most of the references were keyed from listings in Petroleum Abstracts. 
It was also determined that three other key words yielded a signi- 
ficant number of additional references. 
are: 

These three key words 

Lost circulation additive 
Formation plugging 
Plugging agent. 

The Sandia search was computer-based and considered the literature 
from 1969 to mid-1979. 
two ways : 

to mid-1979 using the Petroleum Abstracts computer listing, and 

We have expanded the Sandia search in 

1. By searching the additional three key words from 1975 

2. By manually searching the five key words in the monthly 
lists published by Petroleum Abstracts from mid-1979 to mid-1980. 
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The literature search was initiated by obtaining the complete 

listing of references under each key world for each year. 
listings were reviewed and references of interest were selected. 
Abstracts of these references were obtained. Based on review 
of the abstracts, papers were selected as the final step in the 
search process. 

The 

11-1.2 Literature Search Results 

F m t h e  many references listed under the key words, a total 
of 68 references were selected for abstract review. The breakdown 
according to key word and year is shown in Table 1. From the 
68 abstracts, a total of 59 references were selected, including 
both patents and technical papers. In Table I, the numbers in 
parentheses represent the division between patents and papers. 

five subject areas listed above in Section II-1. Apendices c and D list 
the titles and sources for each of the 59 references, arranged 
by subject topic for papers and patents with key words identified. 

Table 2 shows the breakdown of references according to the 

11-1.2.1 Patents Categorization 

Almost two-thirds of the references selected from the 
abstract review are patents, Table 1, and of these most were obtained 
from the two key words,formation plugging and plugging agent. 
Table 2 shows that the 41 patents all fall within two subject 
categories, either materials or placement methods. 

_ f  

Most of these patents (see Appendix C) do not apply directly 
to lost circulation, but are representative of sand consolidation 
techniques and selective plugging for fluid injection purposes. 
We believe, however, that these applications may also be appropriate 
for curing lost circulation, particularly in the fractured and 
vugular formations of geothermal wells. 

11-1.2.2 Papers Categorization 

Only eighteen papers on lost circulation, Table 1, were 
identified from the search for the years 1975 to mid-1980, suggesting 
that much of the technical literature on lost circulation was 
published before 1975. Of interest also is the fact that no papers 
and no patents applicable to detection of lost circulation zones 
were found for the period 1975 to mid-1980 (see Table 2). 

1 

11-2 Commercial Lost Circulation Materials 

Table 3 is a listing of commercially available lost circula- 
tion materials. Most commonly used materials are wood fibers, cane 
fibers, walnut shells, cottonseed hulls, cellophane flakes, and mica 
flakes. A combination of fibrous, granular, and flake material is. 
ofter used to give optimum particle size distribution. Many of the 
materials are available in different grades of fine to course particles. 
In general, most materials are effective with water-base muds. Wood 
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fibers, cane fibers, cellophane flakes, and cottonseed hulls are not 
recommended for use in oil-base muds. 

P1ugging.characteristics and strength properties of lost circula- 
tion materials are not provided by suppliers. Recommended treatment 
with LCM is usually based on concentration of LCM in the mud (15-45 ppb) 
rather than bridging size or strength needed to support differential 
pressure. Bridging size and strength properties can be determined with 
the API testing apparatus. It would be advantageous for design of lost 
circulation treatments to know these properties for the various lost 
circulation products offered by suppliers. As part of the study re- 
commended for new materials,we suggest that bridging and strength pro- 
perties of commercial lost circulation materials be compiled. 

11-3 Testing Equipment 

From our interviews with operating and service companies, we 
determined that the API tester is the only equipment presently used 
by the petroleum industry for evaluating LCM. The IMCO 
tester was developed in 1979 to investigate an oil base mud 
at 150°F, but the apparatus has not been used since by IMCO nor is 
it available for commercial use. Both the API tester and IMCO 
apparatus are described in the following sections. 

11-3.1 API Tester, 

The API recommendations for testing LCM, as reported in API 
Bulletin RP-13B8 are presented below, 

11-3.1.1 Equipment Description 

The equipment for use in testing bridging materials 

1, Set of 1/4;' (6.4 mm) thick by 1-7/8" (47.5 mm) diameter 

for regaining circulation is as follows: 

stainless steel disks that have square edged slots 1-3/8" (35 mm) 
in length and widths of . 0 4  (loo), 0 8  (2 .01 ,  -12 (3.01, .16 ( 4 . 0 )  
and .20 (5.0) inch (mm) 

- .  2. Sleeve that is 2-7/8" (73 mm) in diameter, 2-1/4" 
(57 mm)high having a perforated base plate containing approximately 
32-1/4" (6.4 mm) holes 

9/16" (14.3 mm) in diameter (this should be enough to fill the 
bed volume) 

BB shot 1.73" (4.39.m) in diameter and a 10-mesh stainless steel 
screen 2-7/8" (73 mm) in diameter 

5. Nitrogen source with pressure regulator 

6. 

3, Approximately 95 brass or stainless steel marbles 

4. About 1,200 grams of.brass-clad or stainless steel 

3,500 cm3 graduated plastic container with inlet 
and outlet suitable to accommodate the sudde'n discharge of mud 
from test cell. 
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11-3.1.2 Test Procedure 

la. Prepare a base mud consisting of 5 to 8 percent 
by weight bentonite. 
viscosity to 25 centipoise 22 centipoise. 

Age for 72 hours and adjust the apparent 

2a. To a 3,500 cm3 sample 'of base mud add a weighted 
amount of test material. 
in ppb. 

The concentration should be expressed 

Static Slot Test 

lb. Take a disk, preferably with a small slot, and put 
it in the valve outlet half-union with the perforated plate and 
sleeve used to support BB or marble beds removed from the cell. 
Open the cylinder bleed valve to the atmosphere and place the 
graduated container under the outlet. 

2b.Paur the mud containing the test material into the 
cell with the outlet valve open. 
which flows out. 

Make note of the volume of mud 
Place the cap on the cell. 

3b. If desired, the free piston can be placed on the 
fluidinthe cell. 
of 2 psi/sec (.14 kgf/cm2) until a pressure of 100 psi (7.03 kgf/ 
cm2) is obtained. 
served, the minimum amount of pressure to make a seal, should 
be recorded. 

Start the timer and apply pressure at a rate 

Make note of amount of mud discharged. If ob- 

4b. Add additional pressure at the rate of 10 psi/sec 
( - 7  kgf/cm2/sec) to 1,000 psi (70.3 kgf/cm2) or until the seal 
fails and the cell empties. Record the volume through or the 
maximum pressure obtained. If a seal is formed, maintain the 
pressure for 10 minutes and record the final volume. 

5b. Continue testing using increasing sizes of slots 
until no permanent seal is achieved at 1,000 psi (70.3 kgf/cm2) . 

Dynamic Slot Test 

IC. Prepare a base mud as above. (Steps 2a, lb) 

2c. With theoutlet valve closed, fill the test cell 
with mud. 
the mud. Screw on the -cap and set the gas regulator to deliver 
at a test pressure of 100 psi (7.0 kgf/cm2) Open the outlet 
valve and start the timer. Make note ofthe volume of mud which 
flows through the slot and the time required to form a seal. Pres- 
sure can now be raised to 1,000 psi (.7 kgf /cm2/sec) and maintained 
for 10 minutes as above. (Step 4b) 

no permanent seal is achieved. 

If desired, the free piston may be placed on top of 

3c. Repeat the test using increasing sized s lo t s  until 
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Marble Bed and BB Bed T e s t s  

These are similar t o  t h e  s t a t i c  and dynamic s l o t  tests except  
t h a t  t h e  ce l l  i s  f i l l e d  wi th  marbles or BB s h o t  t o  s imulate  porous 
media. The reader  is  r e f e r r e d  t o  API B u l l e t i n  RP-13B f o r  d e t a i l s .  

11-3.2 IMCO Tester 

I n  October 1979 ,  IMCO designed and constructed a l o s t  c i r c u l a -  
t i o n  tes t  cell  to  e v a l u a t e  an  o i l  base mud for  a c l i e n t .  With t h e  
except ion of t e s t i n g  performed f o r  t h i s  one app l i ca t ion ,  IMCO has 
n o t  used the appara tus  for  any f u r t h e r  t e s t i n g .  The IMCO ce l l  i s  
d i f f e r e n t  from t h e  s tandard  API cel l  for  t e s t i n g  lost c i r c u l a t i o n  
ma te r i a l s .  Cell drawings and test r e s u l t s  were requested,  bu t  IMCO 
p r e f e r s  to keep the information p ropr i e t a ry  a t  t h i s  time. EJo r e s u l t s  
or d e s c r i p t i o n  of the apparatus  has been published i n  t h e  t echn ica l  
literature. 

The IMCO aluminum test ce l l  c o n s i s t s  of a cy l inde r  and s lot ted 
i n s e r t .  The c y l i n d e r  is 24 inches long wi th  a 4 inch I D  and 1/2 
inch  w a l l  ickness.  It is  r a t e d  for pressure  of 500 p s i  and 
i s  equippe $." with  an electric hea t  s t r a p  t o  impose temperatures 
up t o  15O0F. The c y l i n d r i c a l  i n s e r t  is  s p l i t  lengthwise i n t o  
t w o  ha lves  that  form a wedge-shapped s l o t  along t h e  length  of 
t h e  i n s e r t .  S lo t  s i z e  i s  12 inches v e r t i c a l l y  and 2.5 inches 
h o r i z o n t a l l y  wi th  variable s l o t  width depending on the  i n s e r t  
halves  used i n  a given test. Di f f e ren t  i n s e r t  ha lves  can be com-  
bined eo give s l o t  widths of 0.005, 0.01, 0.02, 0.05, and 0.1 inches.  
The i n s e r t  w i th  s lot  is  i n s t a l l e d  i n  t h e  cy l inde r  wi th  t h e  l a r g e r  
width of t h e  wedge-shaped slot a t  t h e  top. 

T e s t s  are performed w i t h  1000 cc of mud on t o p  of t he  s lo t .  
F lu id  p re s su re  is appl ied  t o  fo rce  the mud through t h e  s lo t .  Dura- 
t i o n  of each test is one hour wi th  f l u i d  loss readings taken a t  
15 minute i n t e r v a l s .  Resul t s  are p l o t t e d  i n  t e r m s  of f l u i d  loss 
versus time fo r  each slot  size used. Depth in the slot where 
br idg ing  occurs  i s  observed upon dismantl ing t h e  i n s e r t  a f t e r  
each test. / 
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' TABLE 1 

Total 

Lost Circulation Xliterature Search 
Number of References Selected By Key Word 

22 (12/4) 12 (7/4) 13 (9/4) 8 (6 /2 )  10 46/21 3 41/21 68 (41/18) 

Key Word 

Formation Pluggin 
r 

Lost Circulation 

Lost Circulation 

Plugging Agent 

Thief Formation 

Additive 

Tabulated Numbers Ind$cate 
Total References (Patents/Papersl 

Thru I 
June I 

YEAR. 

29 
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TABLE 2 

L o s t  Circulation References 
Breakdown According to Subject Category 

Tabulated Numbers Indicate 
(Patents /Papers) 

Subject 
Category 

Concepts 

Materials 

Methods 

Detection 

Field Cases 

Totals 

Thru 
June 

1975 1976 1977 1978 1979 1980 

YEAR 

Total 

30 



TABLE 3 

LOST CIRCULATION MATERIALS 

Arnold 6 Clarke 
Barium Supply 
Brinadd 
Bristex 
CECA (France) 
Delta Xud 
Dowel1 
Drillsaf e 
Drilling Mud 
a GUlfCO 
Balliburton 
Mco 
IDF 
Louisiana Uud 

Magcobar 
Messina 
Mlchem 
N. L. Baroid 
ocona 
Oil Base 
Shur-Plug 

1 

Wood 
Fibers 
Arco Fiber 

Cec Wood 

Mco Fyber 

Chip Seal 

Suppliers and Tradenames 

Cellophane Formica Cane Organic Nut Seed M e a  
Fibers Fibers - Ilulls - Rulls Flakes Flakes Flakes - 

Are0 Wool Arc0 Plug Arc0 Mica Arc0 Seal 

Solubridges 
Pig Hair 

Basco Fiber Basco Plug Basco Flake 

Colmacel Cecol Cec Nut Cec Phane 
Del-Fiber Del-Plug Del-Flakes 

Clinton Flakes 
Mulseal 

Wall Kote Gulfco Plug 
Tuf -Plug 
Mco Plug Cottonseed IMCO MYca MCO Flakes 

IDF Fiber 

Lamco Fiber Lamco Flakes 
Uud Fiber Nut Plug Cottonseed h g C 0  M c a  Cell-O-Seal Pheno Seal 

Uesuco Fiber MeBUcO Plus Hesuco Flake 

Inorganic 
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Appendix A: Intervipw Ques t ions ,and  Pqpics 

SUkVEY OF LOST CIRCULATION EXPERIENCE 

IN GEOTHERMAL WELLS 

Occurence of Lost C i r c u l a t i o n  -- 
Have you encountered l o s t  c i r c u l a t i o n  problems? 

How f r e q u e n t l y  do they occur? 

Where are f i e l d s  Lo’Cated? 

Were hole problems encountered before circplatian Lost? 

Did los t  c i r c u l a t i o n  occur dur ing  d r i l l i n g ,  cemeh thg ,  

or  both? 

Geophysical Tnformation 

A t  what  depth  i s  lost c i r c u l a t i o n  b igges t  problem? 

I n  what t y p e  formation does it occur? 

What are i n s i t u  p re s su res?  

A r e  open and cased hole logs available? 

( S o n i c , r e s i s t i t t i t y ,  gamma r ay ,  c a l i p e r ,  d e n s i t y ,  neut ron ,  

p o r o s i t y ,  temperature ,  SP, mud gas ,  oenlrhefit bond) 

. 
W e l l  Data -- 

What are c o n d i t i o n s  i n  w e l l  a t  titne r e t u r n s  are l o s t ?  

What t ype  d r i l l i n g  mud p r e s e n t ,  chemical composition? 

\ ha t  i s  mud weight?  

What i s  d r i l l i n g  

when c i r c u l a t i o n  lost? 

schedule,and a t  what d r i l l i n g  ra te  

33  



t .  
1 

5. Mud temperature and flow rate? 

6. What is casihg program? 

I 7. Any cementing problems encountered? 

8. Which muds seem to have least problems with lost circulation? 

9. Any suttface or downhole pressure data? 

WellL Control Procedures 

1. 

2. 

3.  

4. 

5. 

What precautions are used tb prevent lost circulation? 

When are preventive measures necessary? 

What procedures are employed to control lost circulation? 

What materials are used to plug zones, and how successful? 

Are lost circulation zones isolated with cement plugs? 

6. Any problems with well control? 

Did gas or water enter well? 

7. Any subsequent casing problems near lost circulation 

zone? (Casing buckling, fluid communication, lack of 

casing support) 

i Lost Circulation Studies 
- c  

1. Have any special studies of lost cikculation been con- 

ducted, if so are results available? 

Have any laboratory experiments been performed for special 

material or procedures? 

2. 

3 .  Have analytical studies of lost circulation causes or pre- 

vention been conducted? 

what recommendationS can be made for new or best prevention 4 .  

and control procedures? 

What .studies might be useful to better understand lost 5. 

circulation? 
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Appendix B: , Daily, Record of Lost circulation Experience 
Phill$g,s Well #82-33 Rooseve,lt Lease-Utah 

Date 

11-19-75 

- 

11-20-75 

11-21-75 

11-22-75 

11-23-75 

11-24-75 

11-25-75 

Lost returns at 1655' - 1657', Fractured formation, 
Mixed pit with 30% LCM, Drilled to 1678, No returns 

Last 1400 bbls mud 
Pumped 300 bbls mud, 35% LCM, Hole filled to 50' 
Pumped 300 bbls mud, 35% L a s t  circulation material 
Pumped LOO bbis mud in drill pipe, 25 bbls mud in 

annulus, No returns 
Pumped high water loss pill, No returns 
Mixed 1 pit mud, 35% LCM, Pumped in hole 
Mixed and pumped 50 sacks Class B cement, Tagged 

Mixed and pumped 50 sacks Class B cement, Tagged 

Mixed and pumped 50 sacks Class B cement, Tagged 

Dropped 2 tons alfalfa cubes plus 300 bbls of water, 

Dropped 2-1/2 tons alfalfa cubes plus 200 bbls water, 

Dropped 200 gallons soaked burlap sacks 
Dropped 1-1/2 tons alfalfa cubes plus 200 bbls of 

I 

top 6f cement 

cement 

top of cement at 1647' 

No fill in hole 

No fill 

mud, 35% LCM 

Bit in hole, No fill 
Pumped 200 gelled burlap sacks 
Pumped 3 tons luinped coal (6" - 9'' size) 
Pumped 2 tons alfalfa cubes: 
Hole f i l l e d  up 
bxilled bridges to 1650', Lost returns 

Dropped 188 burlap sacks ih hble 
Dropped 1 ton lumped coal (6" - 9@* s i z e )  
Dropped 2-1/2 tons alfalfa cubes in hale 
Dropped 2 tons lumped coal in hole 

Bit drilled bridges to ? S O ' ,  Lost returns 
Bit to f650', Hale clear 
Dropped 7 plastic bags filled with mud (10" OD x 15'long) 

Hole Clear to 1658' 
followed with gelled mud 

Dropped 2 tdns lumped coal in hole 
Putnped 1 pit mud, 35% LCM, Drilled bridges 1675' 
Spot 150 sacks barite plug, No fill 
Spot 150 sacks barite plug, NQ fill 
$umped 1 pit mud, 35% LCM 
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11-26-75 Dropped 400 plastic bags f i l l e d  wi th  wood c h i p s  and 
b a r i t e  i n  hole ,  f l u shed  wi th  400 bbls mud, N o  f i l l  

11-28-75 Flushed 420 ga l lons  diesel o i l  
Flushed 840 ga l lons  diesel oil m i x e d  with 6 ga l lons  

Flushed with 200 sacks Class  B cement 
DOC #12 

11-30-75 b r i l l e d  12 hoursL No r e t u r n s  

12-2-75 Ran 9-5/8* ,  40 ppf cas ing ,  S e t  a t  2001: 
Pumped 200 sacks Class  B cement p l u s  s i l i c a  f l o u r  
Pumped 6QQ sacks C l a s s  B cement p l u s  s i l i c a  flour 
D r i l l e d  ta 216Q1, Lost returns 

Pumped mud conta in ing  High-Seal paper 
D r i l l e d  t o  2240 ' ,  P u l l  returns 
Carrying 12% LCM i n  mud 

D r i l l e d  15 hours to 2004 ' ,  Tried to run logs 
, 

I Pumped mu& wi th  coarse  mica f l akes ,  F iber tex ,  P h g - I t ,  
Catton seed h u l l s  

12-4-75 Full returns 
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Appendix C: P a t e n t  Xeferences Selected Prom Literature  Search 

PATEXTS *(41 References) 

Petroleum Abstracts 
Bumber 1975 K e y  'Nordt Formatian P l ~ q i n 4  

1, Asphalt Plug Emplacement Pracess 214,808 

2.- Hethod of Alleviating Sost Ckcula t ion  208,809 

3. Plugging or Sealing Fractures in Farmations 200,442 

4 .  Process for  Closing o r  F i l l i n g  Xn Narrow 207,114 
Fractures or Fissures or Cavities in Bock 

5, Sealed Porous Earth Formations and Process 292,088 
€or their  Manu€actnre 

6 Subsurface Famation Treatment 199,068 

1975 Key Word: Pluqqing &gent 

7. Sealant 204,388 

8 -  3se of Radiation - Induced Polymers 'as 208,545 
Temporary or Permanent DDivertting A y m t  

and methoa of use 
9. A l u m i n a t e  - Thickened W e l l  Treating Fluid 204,392 

1975 FormatiDn Plugqinq 

10, Nethoa Z o r  Treating Subterranean 226,133 
formations w i a  .CelIalose Ether - 
Polyacrlarmide Aqueous Gels 

Acrylic-Epcury R e s i n s  w i t h  Besin - 
'Forming mulsi-ons \ 

11. plugging Slibterzanean Regions ' w i t h  219,769 

1 2 .  Water-Insensikive S y s t e m ,  I n  Par t icular  227,402 
€or Sealing and .Consolidating ter-3eariw 
Geological Formations 
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1976 Plugqing Agent 

13. Method for Reducing Formation Permeability 217,873 
with Gelled Polymer Solution Having Delayed 
Gel Time 

1977 Formation Pluqginq 

14. Controlled Well Plugging with Dilute 236,904 
Polymer 

15. Method for Sealing a Permeable 
Subterranean Formation 

16. Timing the Deposition of an Asphalt 
Plugging Material from an Asphalt- 
Cationic Emulsion 

240,376 

233,008 

17. The Consolidation of Particles with 231,033 
Aqueous Emulsions of Epoxy-Resin Components 

1977 Key Word: Lost Circulation Additive 

18. Restoring Lost Circulation 236,876 

1977 Plugging Agent 

19. Gel Formation by Polymer Crosslinking 240,706 

20. Method for Preventing Fluid Migration in 235,535 
Coal Seams 

1978 Formation Pluqginq 

21. Plugging Permeable Earth Formgtions 
with Wax 

247,919 

1978 Plugqing Agent 

22. Soil Consolidation Method 248,954 

1979 Formation Plugsinq 

23. Lignosulfonates for  High-Temperature 263,331 
Plugging 
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24. Sealing Wells 

25. Sealing High Permeability Earth Strata 

1979 Lost Circulation Additive 

26. Drilling of Subterranean Formations with 
Drilling Fluids Containing Fluid Loss Agents 

1979 Pluqging Agent 

* 27. Composition of Matter UIjeful for Earthen 
Formation Treatment 

SUBJECT CATEGORY: I METHODS - 
1975 Formation Pugging 

1. Nethod for Producing Petroleum 

2. Shallow Plugging Selective Re-Entry 
Well Treatment 

1975 Lost Circulation 

3. Process for Cementing Wells 

1976 Formation Plugginq 

4 .  Partially Crosslinked Polymer Used in 
Correcting Subterranean Formation 
Permeability 

c 

1976 Plugging, Agent 

5. 

6. Selective Plugging of Formations 

Compositions Useful in Pluggiqg Formations 

with Foam 

1977 Foxmation' Plugging 
1 

7. Plugging a Subterranean Reservoir with a 
Self-Scaling Filter Cake 

267,670 

250 , 772 

257 , 909 

258,151 

203,407 

200,111 

199,660 

228 ,402  

217,594 

218,873 
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1977 Lost  Ci rcu la t ion  Additive 

8. Lost Circu la t ion  Control 

1978 Formation Plugging 

9. Method of T r e a t i n g  W e l l s  

10. Plugging Ea r th  S t r a t a  

1978 Plugging A q e n t  

11. Method Using Lignosulfonates 'for H i g h  
Temperature Plugging 

Plugging of Water-Producing Zones in  
a Subterranean Formation 

1 2 .  

1979 L o s t  C i r cu la t ion  Additive 

13. Method and Apparatus €or Continuously 
Separat ing Lost Circu la t ion  Material 
f r o m  D r i l l i n g  F lu id  

1980 Thief Formation 

1 4 .  Process for  Reducing Flu id  Flow To 
and From a Zone Adjacent t o  a Hydrocarbon 
Producing Formation 

230,028 

256,623 

253,302 

251,790 

256,380 

267,789 

277,577 
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Appendix D: Technical Papers from Literature Search 

PAPERS (18 References) 

SUBJECT CATEGORY: CONCEPTS’ (5  References) 

1975 Key Word: Lost Circulation 

1. Handling Lost Circulation Requires Judgement 
e 

1976 Lost Circulation 

2. Lost Circulation Complicates Well Killing 
Operations 

Stop Lost Circulation by Controlling ECD 3 .  

1977 Lost Circulation 

40 Transient Pressure Surges due to Pipe 
Movement in an O i l  Well 

1979 Formation Pluqqinq 

5 0  Good Procedures Ensure Open Hole 

198,790 

217,379 

217,567 

242,525 

Plug Success 

SUBJECT CATEGORY: MATERIALS ( 5  References) 

265,890 

.* 

1975 Plugqinq Aqent 

1. A New Approach to Permeability Reduction 207,757 

1976 Lost Circulation 

2. How to Use a Systems Approach to 222 p 510 
Combat Lost Circulation 
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1976 Plugging Aqent 

’ 3. A Gel Diverting Agent Used in Acidizing 221 , 075 
Treatments 

1977 Lost Circulation Additive 

4. New Lost Circulation Remedy bs Easy to Use 233,797 

1978 Plugging Agent 

5. An Acrylic/Epoxy Emulsion Gel System 
for Formation Plugging: Laboratory 
Development and Field Testing for Steam 
Thief Zone Plugging 

SUBJECT CATEGORY: METHODS ,( 1 Reference) 

250,292 

1978 Formation Pluqqing 

1. New Methods Make Downhole Liquid Plugging 249,436 
Practical 

SUBJECT CATEGORY: FIELD CASES (7,References) 

1975 Plugging Aqent 

1. Field Results of a Short Setting 
Time Polymer Placement Technique 

1975 Thief Formation 

2, A Case Study of Thief Zanes in a 
California Waterflood 

1977 Lost Circulation 

3, An Improved Lost Circulation 

4. Water Flows, Lost Circulation Common 

Squeeze. Slurry 

in Middle East Drilling 

211,970 

205,541 

239,456 

234,431 
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1979 L o s t  C ircu la t ion  

5 .  S e n s i t i v e  Delta-Flow Method Detects 
Kicks or L o s t  Returns 

1980 Lost Circulat ion 

6 .  U s e  of Low S o l i d s  - Low Weight Mud 
Improves D r i l l i n g  Performance 

7. Experience and Results of Removing 
C i r c u l a t i o n L o s s e s i n  Mesozoic Sediments 

267,086 

272,471 

275,941 
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