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T h i s  r e p o r t  desc r ibes  a s tudy  and e v a l u a t i o n  o f  
met hods t o  1 ocate,  c h a r a c t e r i  ze, and q u a n t i  fy 1 o s t  
c i r c u l a t i o n s  zones. Twen ty - f i ve  methods o f  map- 
p i n g  and q u a n t i f y i n g  l o s t  c i r c u l a t i o n  zones were 
eva lua ted ,  i n c l u d i n g  e l e c t r i c a l ,  a c o u s t i c a l  , me- 
chan ica l  , r a d i o a c t i v e ,  and o p t i c a l  systems. Each 
t o o l  s t u d i e d  i s  desc r ibed  i n  t h e  r e p o r t .  The 
s t r u c t u r e d ,  numer ica l  e v a l u a t i o n  p lan,  used as t h e  
b a s i s  f o r  comparing t h e  25 t o o l s ,  and t h e  r e s u l t -  
i n g  rank ing  among t h e  t o o l s  i s  presented. 
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SUMMARY AND CONCLUSIONS 

The purpose o f  t h i s  s tudy i s  t o  assess t h e  c a p a b i l i t y  o f  equipment 

and methods t o  map and q u a n t i f y  l o s t  c i r c u l a t i o n  zones i n  geothermal 

w e l l s .  A comprehensive l i s t  and e x p l a n a t i o n  of 

t h i s  purpose i s  inc luded.  

Twen ty - f i ve  methods o f  mapping and quant 

the t o o l s  a v a i l a b l e  f o r  

f y i n g  l o s t  c i r c u l a t i o n  
zones a r e  evaluated.  These i n c l u d e  e l e c t r i c a l  , a c o u s t i c a l  , mechanical , 
r a d i o a c t i v e  and o p t i c a l  systems. A l though some o f  t h e  systems work a t  

temperatures t o  550°F, most do no t ,  o r  a r e  a v a i l a b l e  f o r  h igh-tempera- 

t u r e  o p e r a t i o n s  o n l y  on a l i m i t e d  bas i s .  Some t o o l s  r e q u i r e  t h a t  t h e  

h o l e  be precoo led  by mud c i r c u l a t i o n  i n  o r d e r  t o  run  t h e  survey. Some 

o f  t h e  systems, such as t h e  Hot F i l m  Anemometer, a r e  no l o n g e r  

a v a i  1 ab1 e. 

A s t r u c t u r e d  numerical  e v a l u a t i o n  p lan,  descr'ibed i n  Appendix I, i s  

t h e  b a s i s  o f  comparing methods. A d e t a i l e d  d e s c r i p t i o n  and e v a l u a t i o n  

o f  each t o o l  i s  presented i n  Appendix 11. The i n f o r m a t i o n  on t h e  

b e n e f i t s  and l i a b i l i t i e s  o f  each system a l l o w s  assessments which a r e  

used i n  t h e  e v a l u a t i o n  procedures. Since each component e n t e r i n g  t h e  

assessment i s  c l e a r l y  d e f i n e d  and s e t  down i n  t h e  e v a l u a t i o n  worksheet, 

t h e  o v e r a l l  e v a l u a t i o n  can be e a s i l y  updated t o  r e f l e c t  t o o l  improvement 

o r  r e c e n t  exper ience. Also,  w e i g h t i n g  c r i t e r i a  can be changed t o  
r e f 1  e c t  spec i  f i c requ i  rernents. 

No r a d i c a l l y  new design approaches f o r  mapping l o s t  c i r c u l a t i o n  

zones were found. The t r e n d  appears t o  be toward i n c r e a s i n g  t h e  capa- 

b i l i t i e s  o f  e x i s t i n g  technology f o r  h i g h e r  temperature,  more h o s t i l e  

environments. 
- 

3. 

I n  general ,  no s i n g l e  t o o l  i s  capable o f  comp le te l y  mapping l o s t  

c i r c u l a t i o n  zones i n  every i ns tance ,  a l t hough  some t o o l s  encompass a 



w i d e r  range o f  a p p l i c a t i o n s  and s tand a g r e a t e r  chance o f  success. 

Rather,  m u l t i p l e  t o o l s  a r e  r e q u i r e d  t o  o b t a i n  s u f f i c i e n t  i n f o r m a t i o n .  

Tools  t h a t  measure more than  one parameter t e n d  t o  p r o v i d e  b e t t e r  

r e s u l t s  than  s i n g l e  measurement t o o l s .  The cho ice  o f  systems i s  

d i c t a t e d  by t h e  i n f o r m a t i o n  requ i red ,  t h e  downhole environment and t h e  

performance and re1 i a b i  1 i ty  o f  t h e  t o o l s  considered. Knowledge o r  

exper ience i n  a p a r t i c u l a r  area o r  f i e l d  i s  i n v a l u a b l e  i n  d e c i d i n g  which 

systems a re  a p p l i c a b l e  t o  a g i ven  s i t u a t i o n .  I n  a d d i t i o n ,  t h e  va lue and 

re1 i a b i l  i t y  o f  t h e  i n f o r m a t i o n  ob ta ined  i s  h i g h l y  dependent on t h e  

s k i l l s  o f  a n a l y s t s  and engineers conduc t ing  t h e  surveys and i n t e r p r e t i n g  

t h e  data. 

A l though no s i n g l e  method i s  bes t  i n  a l l  cases, t h e  combined Sound 

( " n o i s e " )  - .  Temperature Log has been used s u c c e s s f u l l y  i n  severa l  

d i v e r s e  a p p l i c a t i o n s  and i s  t h e  s i n g l e  most p romis ing  t o o l .  

Pressure l i m i t a t i o n s  pose no problems and t h e  f u t u r e  a v a i l a b i l i t y  

o f  h i g h  temperature geothermal t o o l s  l o o k s  b r i g h t  because severa l  

companies a re  c u r r e n t l y  u p d a t i n g  e x i s t i n g  techno log ies ,  o r  a r e  

deve lop ing  new ones, f o r  use i n  h i g h  temperature environments. T h i s  

development i s  p r i m a r i l y  i n  response t o  t h e  i n c r e a s i n g  number o f  deep, 

h i g h  temperature o i l  and gas w e l l s  and t h e  growth i n  geothermal 

a c t i v i t y .  Advances a r e  p r i m a r i l y  i n  t h e  area o f  e l e c t r o n i c s ,  where 

e x t e n s i v e  work i s  be ing  conducted on t h e  upgrading o f  temperature 

s e n s i t i v e  elements th rough  des ign  changes, f l a s k i n g ,  t h e  use o f  b e t t e r  

i n s u l a t i o n  and development o f  h i g h  temperature c i r c u i t r y .  Notable among 

t h e  companies work ing on h i g h  temperature techno logy  a r e  Dresser A t l a s ,  

The GO Company, NL McCullough, Schlumberger, and Sandia. 

. 

The f o l l o w i n g  technology needs were recognized d u r i n g  t h e  study. 

There has been no sys temat i c  t e s t i n g  of  l o s t  c i r c u l a t i o n  mapping systems 

t h a t  would a l l o w  comparison o f  t o o l  performance under c o n t r o l l e d  

bo reho le  c o n d i t i o n s .  Some t o o l s  u s e f u l  i n  mapping l o s t  c i r c u l a t i o n  a r e  



n o t  a v a i l a b l e  o r  cannot ope ra te  under severe geothermal c o n d i t i o n s .  

S tud ies  on h i g h  temperature v e r s i o n s  o f  t hese  tool! ;  c o u l d  determine i f  

t h e  i n t r o d u c t i o n  o r  upgrading o f  these t o o l s  i n  commercial geothermal 

s e r v i c e  would s i g n i f i c a n t l y  i nc rease  t h e  number o f  u s e f u l  a l t e r n a t i v e s .  

A lso work i s  needed on e l e c t r i c a l  r e s i s t i v i t y  dev ices t o  determine t h e  

geothermal c o n d i t i o n s  f a v o r a b l e  f o r  t h e i r  use and t o  develop b e t t e r  

i n t e r p r e t a t i o n  techniques. 

0 
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BACKGROUND 

THE PROBLEM 

D r i l l i n g  f l u i d  i s  no rma l l y  c i r c u l a t e d  from t h e  mud p i t s ,  down t h e  

d r i l l  p ipe ,  th rough t h e  b i t ,  up t h e  annulus, and back i n t o  t h e  mud 

p i t s .  The f l u i d  a t  r e s t  e x e r t s  a p ressure  on t h e  boreho le  p r o p o r t i o n a l  

t o  i t s  d e n s i t y  and t h e  h e i g h t  o f  t h e  column o f  f l u i d  i n  t h e  ho le ,  and 

w h i l e  c i r c u l a t i n g ,  an a d d i t i o n a l  p ressure  i s  a p p l i e d  which depends on 
t h e  f l o w  p r o p e r t i e s  o f  t h e  d r i l l i n g  f l u i d .  When whole mud escapes from 

t h e  w e l l b o r e  i n t o  t h e  fo rmat ion ,  reduced mud r e t u r n s  a re  observed a t  t h e  

f l o w  l i n e  and l o s t  c i r c u l a t i o n  i s  s a i d  t o  have occurred. 

D r i l l i n g  problems r e s u l t i n g  f rom l o s t  c i r c u l a t i o n  i n c l u d e  poor h o l e  

c lean ing ,  s tuck  p i p e  and l o s s  o f  w e l l  c o n t r o l .  Thus, d r i l l i n g  must 

u s u a l l y  be stopped u n t i l  t h e  l o s t  c i r c u l a t i o n  problem i s  solved. 

Treatments are somewhat a r b i t r a r y ,  and u s u a l l y  based on exper ience i n  an 

area. S ince the  consequence o f  l o s t  c i r c u l a t i o n  i s  inc reased h o l e  cos t ,  

even p o s s i b l e  l o s s  o f  t h e  hole,  knowledge o f  t h e  type, l o c a t i o n  and 
magnitude o f  t h e  l o s t  c i r c u l a t i o n  zone can reduce t h e  impact  o f  t h e  

problem. The o b j e c t i v e  o f  t h e  p resen t  s tudy  i s  t o  assess methods o f  

o b t a i n i n g  such i n f o r m a t i o n .  

UNDERSTANDING LOST CIRCULATION 

For  l o s t  c i r c u l a t i o n  t o  occur, 1) t h e  openings i n  t h e  rock  must be 
so l a r g e  t h a t  b r i d g i n g  does n o t  occur  by t h e  p a r t i c l e s  i n  t h e  d r i l l i n g  

f l u i d  and 2) t h e  h y d r o s t a t i c  head o f  t h e  coliirnn o f  f l u i d  must be 
g r e a t e r  than t h e  pressure  o f  t h e  f l u i d  i n  t h e  rock.  Under these 

c o n d i t i o n s ,  whole mud can be f o r c e d  i n t o  h i g h l y  permeable fo rmat ions ,  



vugul a r  fo rmat ions ,  n a t u r a l l y  f r a c t u r e d  format ions,  o r  mechan ica l l y  

induced f r a c t u r e s  i n  t h e  rock.  

Permeable fo rmat ions  a r e  u s u a l l y  g rave l  beds and p o o r l y  cemented 

sand sec t ions ,  normal ly  encountered a t  sha l low depths. Pore openings i n  

t h e  fo rmat ions  a re  r e l a t i v e l y  l a r g e  and low v i s c o s i t y  d r i l l i n g  f l u i d s  

can escape i n t o  t h e  openings. 

Large in te rconnec ted  pore  spaces e x i s t  i n  many l imestone and 

do lomi te  fo rmat ions .  These openings a r e  c a l l  ed vugs, and fo rmat ions  

c o n t a i n i n g  them are  vugu lar  fo rmat ions .  The openings occur as a n a t u r a l  
consequence o f  t h e  replacement o f  l i m e s t o n e  by dolomi te.  When magnesium 

s o l u t i o n s  p e r c o l a t e  through 1 imestone, c a l c i u m  carbonate i s  conver ted t o  

a calcium-magnesium carbonate which occupies l e s s  space than t h e  

o r i g i n a l  l imestone.  Voids formed by t h e  shr inkage a r e  then f i l l e d  w i t h  
f o r m a t i o n  f l u i d s .  

By f a r  t he  most common cause o f  l o s t  c i r c u l a t i o n  w h i l e  d r i l l i n g  i n  
geothermal areas i s  t h e  e x i s t e n c e  o f  n a t u r a l  f r a c t u r e s  i n  t h e  forma- 

t i o n s .  F r a c t u r e s  and f i s s u r e s  a r e  found i n  reg ions  where ground 

movement has taken p lace  and recementat ion has n o t  y e t  occurred, o r  o n l y  

p a r t i a l  recementat ion has occurred. I n  some cases, t h e  f r a c t u r e  w i l l  

n o t  open u n t i l  a c r i t i c a l  p ressure  i s  exceeded; then t h e  d r i l l i n g  f l u i d  

f l o w i n g  i n t o  the  opening propagates the  f r a c t u r e ,  a l l o w i n g  a d d i t i o n a l  

l o s s  o f  mud. 

F r a c t u r e s  can be induced by t h e  h y d r a u l i c  p ressure  exe r ted  as t h e  

d r i l l i n g  f l u i d  i s  c i r c u l a t e d .  Th is  u s u a l l y  occurs w h i l e  t r y i n g  t o  break 
c i r c u l a t i o n  a f t e r  a t r i p ,  o r  w h i l e  runn ing  p ipe  i n t o  t h e  hole.  The 

t o t a l  pressure a c t i n g  on t h e  boreho le  su r face  i s  t h e  sum o f  t h e  pressure  

due t o  the  h y d r o s t a t i c  head o f  t he  mud p l u s  t h e  pressure r e q u i r e d  t o  

move t h e  mud up the  annulus. Hydrau l i c  f r a c t u r i n g  u s u a l l y  occurs i n  t h e  

weakest exposed format ion;  t h i s  i s  no rma l l y  t he  fo rma t ion  immediate ly  

below the  l a s t  s t r i n g  of cas ing .  



STUDY APPROACH 

Complete mapping o f  a l o s t  c i r c u l a t i o n  zone r e q u i r e s  de te rm in ing  
t h e  type,  h e i g h t  and w e l l  depth o f  t h e  zone; and de te rm in ing  t h e  r a t e  o f  

l o s s  i n t o  t h e  zone. I n  geothermal w e l l s ,  h i g h  temperatures comp l i ca te  

measurement d i f f i c u l t i e s .  The e v a l u a t i o n  o f  l os t :  c i r c u l a t i o n  mapping 

t o o l s  r e q u i r e d  1) c o l l e c t i n g  da ta  on t o o l s  and techniques and 2) 

e v a l u a t i n g  t h e  data. 

Tool s 

Tools  and techniques f o r  e v a l u a t i n g  l o s t  c i r c u l a t i o n  problems were 

researched and a r e  desc r ibed  i n  t h i s  r e p o r t .  The l i s t  o f  t o o l s  and 

t h e i r  d e s c r i p t i o n  was developed f rom t e c h n i c a l  l i t e r a t u r e  on l o s t  

c i r c u l a t i o n ,  a rev iew o f  brochures,  c a t a l o g s  and p r i c e  schedules, and 

d i s c u s s i o n s  w i t h  exper ienced f i e l d  persons. 

Manufacturers  were con tac ted  t o  determine which i tems a r e  

o p e r a t i o n a l  and which a r e  i n  t h e  developmental stages. Operators were 

a l s o  asked f o r  t h e i r  e v a l u a t i o n  o f  how w e l l  t h e  t o o l s  and technjques 

perform. Some o f  t h e  t o o l s  eva lua ted  a r e  no l o n g e r  a v a i l a b l e  b u t  a r e  
i n c l u d e d  i n  t h e  r e p o r t  because o f  t h e i r  p o t e n t i a l  f o r  f u r t h e r  

development. 

Twen ty - f i ve  methods a p p l y i n g  a c o u s t i c a l  , e l e c t r i c a l  , mechanical,  

r a d i o a c t i v e  and o p t i c a l  techniques were found; t h e y  a r e  l i s t e d  i n  Table 

I ,  and desc r ibed  i n  d e t a i l  i n  Appendix 11. 

13 



Table 1. 
TOOLS EVALUATED 

Acoust ic  Mec ha n i c a1 

Boreho le  Tel  ev iewer  Impress ion  Packer 

Sonic Logs S t r a d d l e  Packers 
Spinner  Survey 

E l e c t r i c a l  

Ho t  Wire Survey 
Hot F i l m  Anemometer 

Dual I nduc t i on -La te r01  og 

I n d u c t i o n  Logs 

Sonic P o t e n t i a l  Logs 
L o s t  C i r c u l a t i o n  De tec to r  

F1 u i d  V e l o c i t y  I n d i c a t o r  

Conventional R e s i s t i v i t y  Logs 

Micro-Resi  s t i v i  ty  Logs 

Focusing E l  ec t rode  Logs 

F r a c t u r e  I d e n t i f i c a t i o n  Logs 

Temperature Logs 

Rad i oac t i v e 

Neutron Logs 

Format ion Dens i t y  Logs 
Rad ioac t i ve  Tracer  Logs 

Sonic Neutron Log 

O p t i c a l  

Downhol e Camera 

Downhole T e l e v i s i o n  

Combination 

Borehole Sound-Temperature Surv 

Spinner-Temperature Survey 

J I 

Tool Eva1 u a t i o n  

The m e r i t s  o f  each t o o l  and techn ique were eva lua ted  u s i n g  t h e  da ta  

c o l l e c t e d .  To assess each t o o l ,  a s t r u c t u r e d  numer ica l  procedure was 

dev i  sed whereby eng ineer ing  judgments c o u l d  be g i ven  numer ica l  va lues.  
T h i s  approach r e s u l t e d  i n  each t o o l  r e c e i v i n g  a s i n g l e  score. The 
e v a l u a t i o n  p l a n  i s  descr ibed i n  d e t a i l  i n  Appendix I. 

. 
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The o b j e c t i v e  o f  t h e  numer ica l  procedure i s  t o  p r o v i d e  a method 

whereby one can eva lua te  a t o o l  o r  techn ique a g a i n s t  w e l l  d e f i n e d  

c r i t e r i a ,  t hen  t r a n s l a t e  t h e  judgment i n t o  a numerical va lue  t o  g i v e  

each t o o l  eva lua ted  a score. 

There a r e  severa l  b e n e f i t s  d e r i v e d  f rom an i n v a r i e n t  numerical 

e v a l u a t i o n  procedure. One i s  t h a t  t h e  e v a l u a t o r ' s  judgment can be 

q u a n t i f i e d  a g a i n s t  a f i x e d  sca le  so t h a t  each t o o l  i s  r a t e d  i n  t h e  same 
manner. Another b e n e f i t  i s  t h a t  t h e  reader  can examine t h e  r a t i o n a l e  o f  

t h e  f i n a l  scores by l o o k i n g  a t  each c h a r a c t e r i s t i c :  o f  a t o o l  o r  tech-  

n ique  t h a t  was g i ven  a grade and see e x a c t l y  where t h e  s t r o n g  and weak 
p o i n t s  a r e  i n  each. S ince  a l l  t o o l  s e l e c t i o n s  a r e  t h e  r e s u l t  o f  t rade-  

o f f s ,  t h e  s c o r i n g  system a i d s  i n  a f i n a l  rank ing .  

I n  da ta  c o l l e c t i o n ,  each t o o l  and techn ique was descr ibed i n  terms 
o f  des ign,  method o f  use, response, and t h e  thieory upon which i t  

operates.  The t o o l s  were then assessed i n  o r d e r  t o  determine t h e  

r e l a t i v e  va lue  o f  each t o o l  o r  technique.  C r i t e r i a  f o r  e v a l u a t i n g  t h e  

t o o l s  were broken down i n t o  f o u r  ca tegor ies :  

. Performance c r i t e r i a  - t h e  c a p a b i l i t y  t o  achieve needed 
o p e r a t i o n a l  c h a r a c t e r i s t i c s ,  p l u s  re1  i a b i l  i t y .  

. Risk  - t h e  p o s s i b i l i t y  t h a t  performance may r iot  be met because o f  
t h e  des ign  approach, absence o f  t e s t i n g ,  o r  some s p e c i f i c  t echn i -  
c a l  cons ide ra t i on .  

. Schedule - t h e  a v a i l a b i l i t y  o f  a system, o r  i t s  s tage o f  
development. 

. Cost - t h e  es t ima ted  c o s t  t o  use t h e  system. 

Each ca tegory  was weighted as f o l l o w s .  

. Performance 50% 

. Risk 25% 

. Schedule 15% 

10% . c o s t  

100% 
- 
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Two o f  t h e  bas i c  c r i t e r i a  a r e  f u r t h e r  d i v i d e d  i n t o  elements and 

For example, Performance, subelements w i t h  we igh t i ngs  ass igned t o  each. 
wh ich  has an o v e r a l l  we igh t i ng  o f  50%, has f i v e  c o n s t i t u e n t  elements: 

1. 
2. A b i l i t y  t o  q u a n t i f y  zone 

3. Capabil  i ty f o r  geothermal o p e r a t i o n  
4. Accuracy 
5. Re1 i a b i l  i t y  

A b i l i t y  t o  l o c a t e  l o s t  c i r c u l a t i o n  zones 

4 

The complete procedure i s  desc r ibed  i n  Appendix I ,  and i s  

i l l u s t r a t e d  by Table 2, a t y p i c a l  e v a l u a t i o n  used t o  c a l c u l a t e  t h e  score 

of  t h e  Borehole Sound-Temperature Survey. Note t h a t  once t h e  "Raw 

Score" i s  assigned, t h e  remainder  o f  t h e  procedure i s  mechanical.  



Table 2 
Typical Eva1 ua t i on  Form 

TOOL NAME - BOREHOLE SOUND - TEMPERATURE SURVEY 

Criteria 

PERFORMANCE 

Locate lost circulation zone 
Find depth 
Determine orientation 

Quantify zone size 
Height 
Width 
Flow rate into zone 

Operate in geothermal well 
Temp. rating 
Pressure rating 
Mud wthype 

Accuracy 
Tool accuracy 
Locate zone 
Quantify zone 

Reliability 

Stage of development - Temp. rating 

Pressure rating 
Mud wt/type 

Design approach 
Locate zone 

*Quantify zone 

Experience/Testing 

OST 

\VAI  LABILITY 

Q 80% 7a 
/ A? - 20% 

79 22.5% 

77 

F 45% 3 c  
9 45% PI 

B 100% f 8  . 

/@ 10  100% 

Raw score ranae 1 

Category 
Weight 

X .50 = 

x 20 = 

x .10 = 

x .20 = 

P 

Final score 

Category 
Score 

3 7  

17,18 
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E VALUATION RESULTS 

. 

This section summarizes and  presents the resu l t s  of the evaluation. 
In a d d i t i o n  t o  overall resu l t s ,  assessments based on performance, r i sk ,  
ava i l ab i l i t y  and cost are presented. The detailed description of each 
tool and the evaluation worksheets are contained in Appendix 11. 

Results of the evaluation are shown i n  Tables, 3 and  4. Table 3 i s  
a master table summarizing the tool  evaluation d a t a .  This table l i s t s  
a l l  of the tools i n  alphabetical order and gives the scores for  the 
evaluation categories and elements f o r  each tool.  These d a t a  (except 
for  rankings) are taken direct ly  from the evaluation worksheets i n  

Appendix 11. A review of the table wi l l  hlelp give an 
perspective of which factors are affecting the overall tool  eva 
and in w h a t  areas tools are superior or def ic ient .  

Table 4 gives the rank ordering of tools  based on an overal 

overall 
u a t i o n ,  

score, 
performance and r isk.  These d a t a  are excerpted from Table 3. The f ac t  
t h a t  a tool  i s  n o t  available lowers i t s  overs11 rank,  b u t  such tools  
were not disqualified since some of  the t o o l s  not  available are worthy 
of further study. 

In this  study the geothermal capabi l i t i es  have been judged on a 

lower t h a n  h i g h  temperature tools.  Th is  does n o t  -imply t h a t  these tools  
cannot be used i n  geothermal wells. Many such tools can be used a t  
shallow depths and a1 so in deeper investigation applications i n  wells 
t h a t  have been adequately cooled. 

r e l a t i v e  b a s i s .  For example,  low temperature  t o o l s  have been ranked 

Overall Resul t s  

A sca t te r  p l o t  of the overall scores i s  presented i n  Figure 1 from 
which several fac ts  are apparent. F i r s t ,  there arc? no low scores. This 
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84 

68 

59 

Borehole Sounu - Temperature Survey C 74 60 84 bti 80 77 1 

Borehol e Tel ev i ewer A 42 59 72 63 60 58 13 
Compensated Sunic Logs H 20 23 7 7  46 70 44 23 

86 80 90 85 2 

86 45 70 67 9 
7 6  25 50 50 19 

80 

60 

70 

100 

100 

100 

1 

8 

18 

Conventional R e s i s t i v i t y  Logs E 34 23 80 63 70 52 19 
Downhole Camera 0 26 ti3 23 50 80 44 23 
Oownhol e Tel evi si on 0 82 63 30 66 50 59 12 

86 30  30 48 21 
29 30 60 40 24 
38 60 40 47 23 

80 
70 

10 

100 

60 

20 

100 
0 

100 

- 

64 

49 

44 

14 

20 

24 

90 30 50 57 12 
55 70 30 51 15 
76 35 40 51 15 

70 
0 

80 

65 

41 

65 

Dual Induction-Laterol oy E 34 23 83 68 70 54 15 
Fluid Velocity Indicator  E 58 40 67 78 70 62 11 
Focused Electrode Logs E 42 26 77 65 70 54 15 

12 
25 

12 

70 

70 

0 

100 

100 
0 

0 

100 
100 

0 
100 
100 

__ 

__ 

61 

67 
49 

49 

76 
66 

48 

63 
57 

- 

- 

91 30 30 50 19 

90 45 50 62 11 
7 1  80 20 57 12 

17 
9 

20 

20 

7 
11 

Formation Density Loy R 18 26 91 43 70 47 22 

Fracture  I ndenti f i c a t  ion Log E 42 LG 77 7 1  70 55 14 

Hot Fil m Anen ometer E 66 60 87 83 70 75 2 

Hot Wire Suriey E 66 53 70 83 50 67 7 

Impression Puckers M 26 63 91 66 90 64 9 
Induction Loss E 34 23 83 63 70 53 1 7  

Lost Circulat ion Detector  E 74 56 67 78 70 70 4 

Microres i s t iv i ty  Logs E 36 26 70 58 70 50 21 
lieu t r o n-L og R 10 1 G  91 45 70 43 25 

5 60 80 90 77 
7 91 40 90 74 

90 30 40 54 14 

0 

90 
80 

0 

80 

70 

__ 
23 

15 
19 

65 75 50 63 10 

76 35 40 51 15 
91 15 10 38 25 

~~ 

76 35 40 51 15 

70 80 80 76 6 

Y1 80 80 83 3 

60 

90 

90 

100 

100 

100 

62 

77 
80 

16 
5 
3 

Neutron-Sonic Porosity Log C 34 26 77 58 70 51 20 

Radioactive Tracer Log R 58 53 77 73 70 65 8 

Spinner-Temperature Survey C 66 60 77 86 70 72 3 

Straddle  Packer M 58 53 74 78 90 69 5 

Temuerature Loq E 58 33 91 73  80 64 9 

Spinner Survey M 58 GO 77 78 60 68 6 

Spontaneous Potent ia l  Logs t 34 30 80 55 80 53 1 7  

80 
100 

90 
90 

100 
100 

100 

100 

81 
67 

78 

71 

1 91 80 90 87 

91 25 30 48 21 

64 70 80 71 8 

91 65 80 78 4 

2 
9 

21 

5 

* A - Acoustic M - Mechanical R - Radioactive 
E - Elec t r ica l  0 - Optical C - Combination 

c) 
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Table 4 
R A N K I N G  COMPARISONS 

, 

Borehole Sound - Temperature Survey 
Spi nner-Temperature Survey 
Spinner Survey 
Straddle Packer 
Radioactive Tracer Log 
Temperature Log 
Impression Packers 
Borehol e Tel eviewer 
Fracture Identification Log 
Spontaneous Potential Logs 
Induction Logs 
Dual Induction-Laterol og 
Focused Electrode Logs 
Conventional Resistivity Logs 
Microresi s t iv i  ty Logs 
Neutron-Sonic Poros i ty  L.og 
Formation Density Log 
Compensated Sonic Logs 
Neutron-Log 
Downhol e Camera 

Hot Film Anemometer 
Hot Wire Survey 
Lost Circulation Detector 
Downhol e Tel evi sion 
F1 u i  d Velocity Indicator 

Performance 
, Ranking  

1 
3 
6 

5 

a 
9 

9 

13 

14 

17 

17 

15 

15 

19 

21 

20 

12  

23 
25 
23 

2 

7 

4 

12 

11 

Risk 
Ranki  r q  

1 

1 
3 

a 
6 

4 

7 
9 

11 
21 

14 

12  

15 

21 

15 

15 

19 

19 
25 
24 

12 

5 
10 

23 

15 

Overall 
R a n k i n g  

1 
2 

3 

4 

5 
5 

7 
8 
9 

10 

11 

12  

12 

14 

15 

16 

1 7  
18 
19 
20 

20 

20 

23 

24 

25 

* Duplicate rankings indicate identical score. 



b i a s  occurs  because no t o o l s  were eva lua ted  which a r e  n o t  used pre- 

s e n t l y ,  o r  have n o t  been used i n  t h e  pas t ,  i n  a t tempts  a t  l o s t  c i r c u l a -  

t i o n  d e t e c t i o n  and mapping. Next, t h e r e  a r e  no p e r f e c t  o r  nea r -pe r fec t  

scores. T h i s  i s  because each t o o l  has l i m i t a t i o n s .  F i n a l l y ,  t h e  da ta  

f a l l  i n t o  c l u s t e r s .  The seven t o o l s  i n  t h e  t o p  group a r e  obv ious l y  

b e t t e r  candidates,  and shou ld  be cons idered f i r s t  i n  s e l e c t i n g  a system 

t o  a t tempt  q u a n t i f i c a t i o n  o f  l o s t  c i r c u l a t i o n  zones. These seven a r e  

l i s t e d  i n  Tab le  5. 
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FIGURE 1 

SCATTER PLOT OF OVERALL SCOFlES 

1 oc 0 SCORE 

Table 5 
OVERALL BEST TOOLS 

I Performance I Overa l l  
Tool Type I Score Ranklilg I S c o n n k i n g  

Borehole Sound-Temperature Survey C 77 1 84 1 
Spinner-Temperature Survey C 72 3 81 2 
Spl nner Survey M 6 8  6 80 3 
St radd le  Packer M 69 5 78 4 
Temperature Log E 64 9 77 5 
Radioactfve Tracer Log R 65 8 77 5 
Impression Packers M 64 9 76 7 
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The Sound-Temperature Survey r e c e i v e d  t h e  t o p  r a n k i n g  because i t  

o f f e r s  e x c e l l e n t  performance c h a r a c t e r i s t i c s  and re1  i a b i l i t y ,  and has 

t h e  c a p a b i l i t y  t o  p r o v i d e  t h e  r e s u l t s  i n  a wide range of harsh 

geothermal environments. It o f f e r s  a g r e a t e r  c a p a b i l i t y  t o  l o c a t e ,  and 

an e q u i v a l e n t  capab i l  i ty t o  q u a n t i f y  1 o s t  c i r c u l  a t i o n  zones i n  

geothermal we1 1 s when compared t o  t h e  Spinner-Temperature Survey 

combinat ion.  A schematic o f  t h e  Sound-Temperature Survey system i s  

shown on page A-18. 

Good r e s u l t s  can be ob ta ined  i n  mapping l o s t  c i r c u l a t i o n  zones w i t h  

t h e  Spinner-Temperature Survey and t h e  independent Spinner Survey ( t h e  
number 2 and 3 ranked t o o l s ,  r e s p e c t i v e l y )  e s p e c i a l l y  when they  a r e  used 

i n  c lean,  s ing le-phase f l u i d s .  Too ls  w i t h  s i m i l a r  c a p a b i l i t i e s  a re  t h e  

L o s t  C i r c u l a t i o n  Detec tor ,  Rad ioac t i ve  Tracer  Logs, S t radd le  Packers, 

and t h e  Hot Wire Survey. 

The S t r a d d l e  Packer and t h e  Rad ioac t i ve  Tracer  Log a re  good cho ices  

f o r  mapping l o s t  c i r c u l a t i o n  zones, a1 though some improvements a r e  
requ i red .  I n  the  case o f  t h e  S t r a d d l e  Packer, h i g h e r  temperature sea ls  

a r e  r e q u i r e d  i f  t h e  system i s  go ing  t o  be used i n  h o t t e r  downhole 
i n t e r v a l s .  Also, t h e  a d d i t i o n  o f  a p ressure  t ransducer  t o  some o f  t h e  
packer systems c o u l d  p rove h e l p f u l .  The s c i n t i l l a t i o n  meters and Geiger 
coun te rs  of t h e  gamma r a y  l o g g i n g  t o o l s  used i n  t r a c i n g  t h e  r a d i o a c t i v e  

m a t e r i a l  must be f u r t h e r  hardened f o r  deep h igh- temperature appl i c a -  

ti ons. 

The Temperature Log should o n l y  be used t o  l o c a t e  t h e  depth l o s t  

c i r c u l a t i o n  zones. The system i s  w e l l  s u i t e d  t o  t h i s  task,  p a r t i c u l a r l y  

i n  deep p o r t i o n s  o f  t h e  w e l l  where l a r g e  temperature d i f f e r e n t i a l s  may 

e x i s t  a t  t h e  p o i n t  o f  c i r c u l a t i o n  l o s s .  The t o o l  i s  l i m i t e d  i n  i t s  

c a p a b i l i t i e s  t o  q u a n t i f y  l o s t  c i r c u l a t i o n  zones, b u t  t he  system i s  

a t t r a c t i v e  because i t  i s  w i d e l y  a v a i l a b l e ,  inexpensive,  and capable o f  
o p e r a t i n g  i n  harsh geothermal environments. 

Impress ion Packers a r e  b e s t  used a f t e r  t h e  l o s t  c i r c u l a t i o n  zones 

have been l o c a t e d  s ince,  l i k e  t h e  Temperature Log, t hey  a r e  l i m i t e d  i n  

24 



their capabi l i t i es  t o  "map" l o s t  c i rculat ion zones i n  the complete 
sense. Also, the method used i n  locating the l o s t  c i rculat ion zone 
should provide the ra te  of loss  into the zone. Subsequent use of 
Impression Packers then allows the zone t o  be completely quantified and 
the type of zone causing l o s t  circul ation t o  be determined. 

Performance Eva1 uation 

Performance is  the key c r i t e r i a  for  tool selection, and represents 
50% of the total  evaluation score. I t  consis ts  o f  the following 
elenients, weighted as shown. 

Capability to  locate zones 22.5% 
Capabil i t y  to quantify s ize  22.5% 
Capabil i t y  to operate i n  Geothermal we1 1 22.5% 
Acc u r acy 22.5% 

100 % 

Re1 iabi l  i t y  10.0% 

Performance scores for the tools range from 43 t o  77 ,  and as  shown 
by the sca t te r  plot  (Figure 21, are  more or  l e s s  uniformly distributed. 
However, the rank ordering o f  tools i s  d i f fe ren t  from t h a t  for the 
overall evaluation (see Table 4 ) .  

FIGURE 2 

SCATTER PLOT OF PERFORMANCE SCORES 

100 SCORE 
0 



The main d i f f e r e n c e  i s  t h e  l a c k  o f  a v a i l a b i l i t y  o f  t h e  Hot F i l m  

Anemometer, t h e  Los t  C i r c u l a t i o n  Detec tor ,  and t h e  Hot Wire Survey which 

lowered t h e i r  o v e r a l l  score and rank ing.  A v a i l a b i l i t y  o f  r e l i a b l e ,  

h i g h e r  temperature t o o l s ,  p a r t i c u l a r l y  i n  t h e  case o f  t h e  Hot Wire 

Survey, would i nc rease  c a p a b i l i t i e s  t o  map l o s t  c i r c u l a t i o n  zones. L i k e  

t h e  Sound-Temperature Survey, t h e  Hot F i l m  Anemometer i s  n o t  i n f l u e n c e d  

by mud t y p e  o r  weight ,  and has h igh- tempera ture  and h igh-pressure 

c a p a b i l i t i e s .  However, i t  i s  l e s s  accu ra te  than  t h e  Sound-Temperature 

Survey. Un fo r tuna te l y ,  t h e r e  appears t o  be no p lans  f o r  r e i n t r o d u c i n g  

these t h r e e  t o o l s  i n t o  serv ice .  

Fo r  spec ia l  a p p l i c a t i o n s ,  t h e  use o f  Impress ion Packers, Downhole 

Camera, Downhole T e l e v i s i o n  and Borehole Telev iewer  can be e f f e c t i v e ,  

p a r t i c u l a r l y  i f  l o c a t i o n  o f  t h e  l o s t  c i r c u l a t i o n  zones i s  known. The 

Downhole Camera's a b i l i t y  t o  f i l m  t h e  f l o w  o f  f l u i d  i n t o  t h e  l o s t  
c i r c u l a t i o n  zone and p r o v i d e  i n f o r m a t i o n  on t h e  o r i e n t a t i o n  o f  t h e  zone 

makes i t  one o f  t h e  most d i r e c t  survey a v a i l a b l e .  An added b e n e f i t  i s  

t h a t  t h e  t y p e  o f  l o s t  c i r c u l a t i o n  zone i s  d iscovered such as f r a c t u r e d  

o r  vugu lar .  But, because t h e  t o o l  i s  r e s t r i c t e d  t o  c l e a r  f l u i d s  and low  

temperatures and pressures (2OO0F, 6000 p s i )  , i t s  a p p l i c a b i l i t y  i s  

sha rp l y  c u r t a i l e d .  Th is  i s  shown i n  i t s  geothermal rank ing  o f  e igh th .  

The Downhole T e l e v i s i o n  i s  a v a i l a b l e  as a s u b s t i t u t e  f o r  t h e  

Downhole Camera which, a l t hough  accura te  f o r  mapping l o s t  c i r c u l a t i o n  

zones, i s  l i m i t e d  i n  range o f  e f f e c t i v e  opera t i on ,  geothermal 

c a p a b i l i t i e s ,  and a v a i l a b i l i t y .  Both t h e  Downhole T e l e v i s i o n  and t h e  

Downhole Camera have a r i s k  o f  f a i l u r e  a t  h i g h  temperatures , a r e  

r e s t r i c t e d  i n  t h e  t ypes  o f  mud i n  which t h e y  can be used, and do n o t  

have a c a p a b i l i t y  t o  determine f l o w  ra tes .  The Borehole Telev iewer  

p rov ides  no f l o w  i n f o r m a t i o n ,  b u t  can h e l p  w i t h  ' v i s u a l i z a t i o n '  o f  t h e  

bo reho le  i n  most geothermal d r i l l i n g  f l u i d s .  S i g n i f i c a n t  progress i s  

be ing  made toward deve lop ing  a h i g h  temperature Telev iewer  by Sandia. 

The good performance scored by t h e  Impress ion Packers can be m is lead ing  

n 
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s i n c e  some vendors may n o t  have geothermal c a p a b i l i t y ,  and should be 

used w i t h  c a u t i o n  i n  t h e  h i g h e r  temperature range,, 

The use of a p a r t i c u l a r  survey i n  geothermal w e l l s  i s  s t r o n g l y  

d i c t a t e d  by t h e  temperatures encountered, t h e  pressure,  t h e  t y p e  and 

weight  o f  d r i l l i n g  f l u i d .  Therefore,  t h e  system t h a t  combines good 

performance w i t h  t h e  a b i l i t y  t o  f u n c t i o n  under a wide range o f  

c o n d i t i o n s  i s  a b e t t e r  cho ice  than  one t h a t  o f f e r s  somewhat b e t t e r  

r e s u l t s  b u t  i s  l i m i t e d  t o  a narrow range o f  e f f e c t i v e  opera t i on .  

The b e s t  per forming t o o l  f o r  l o c a t i n g  c i r c u l a t i o n  zones i n  

geothermal w e l l s  i s  t h e  Sound-Temperature Survey. Whi le t h e  survey 

cannot p r o v i d e  i n f o r m a t i o n  on t h e  o r i e n t a t i o n  o f  t h e  zone l i k e  t h e  

Downhole T e l e v i s i o n  i t  can l o c a t e  t h e  depth o f  t h e  zone, t h e  most 

impor tan t  aspect o f  l o c a t i o n ,  w i t h  comparable accuracy. Furthermore, 

i t s  h i g h  temperature and pressure c a p a b i l i t i e s ,  coupled w i t h  i t s  

i n s e n s i t i v i t y  t o  t h e  t y p e  o r  weight  o f  mud, a l l o w  i t  t o  operate i n  a 

much wider  range o f  c o n d i t i o n s .  This  enables t h e  system t o  p r o v i d e  

successfu l  r e s u l t s  i n  almost a l l  environments. A focused dev i ce  may 

a l l o w  t h e  l o s t  c i r c u l a t i o n  zone t o  be l o c a l i z e d .  No work i s  c u r r e n t l y  

b e i n g  done i n  t h i s  respect .  

Comparing t h e  Los t  C i  r c u l  a t i o n  D e t e c t o r  and Spinner-Temperature 

Survey, t h e  t r a d e o f f  o f  performance versus geothermal a p p l i c a b i l i t y  i s  
aga in  seen. I n  t h i s  case t h e  d i f f e r e n c e  i n  performance i s  s l i g h t ,  t h e  

Lost  C i r c u l a t i o n  De tec to r  hav ing  somewhat g r e a t e r  r e s o l u t i o n  i n  l o c a t i n g  

t h e  depth o f  t h e  zone. On t h e  o t h e r  hand t h e  temperature c a p a b i l i t i e s  

a re  q u i t e  d i f f e r e n t .  C u r r e n t l y  t h e r e  e x i s t s  Spinner-Temperature Loqging 

t o o l s  r a t e d  t o  500°F and 25,000 p s i .  The o r i g i n a l  L o s t  C i r c u l a t i o n  

De tec to r  was capable o f  o p e r a t i n g  up t o  250OF. Both t o o l s  a r e  a f f e c t e d  

by mud t y p e  and weight.  The Los t  C i r c u l a t i o n  D e t e c t o r  r e q u i r e s  

conduct ive mud w h i l e  t h e  sp inne r  p o r t i o n  o f  t h e  Spinner-Temperature l o g  

i s  s u b j e c t  t o  c l o g g i n g  when used i n  muds c o n t a i n i n g  s e a l i n g  agents. A 



h igh - tempera tu re  l o s t  c i r c u l a t i o n  d e t e c t o r  would be s u p e r i o r  t o  t h e  

Spinner-Temperature Log. 

Other  t o o l s  have a l s o  shown good performance i n  l o c a t i n g  l o s t  

c i r c u l a t i o n  zones. The reasons f o r  t h e i r  ass igned rank ings  a r e  s i m i l a r  

t o  those  a1 ready d i  scussed , namely , 

t h e  accuracy w i t h  which i t  can l o c a t e  t h e  zone, and 

i t s  geothermal c a p a b i l i t i e s .  

t h e  a p p l i c a b i l i t y  o f  t h e  method, 

These t o o l s  can be c l a s s i f i e d  i n t o  two main c a t e g o r i e s :  

c i  r c u  

These 

Too ls  That A i d  - These t o o l s  a r e  used t o  l o c a t e  f r a c t u r e s ,  vugs 

and h i g h  p e r m e a b i l i t y  zones t h a t  may be i n d i c a t i v e  o f  l o s t  

c i r c u l a t i o n .  Such t o o l s  a r e  unable t o  p r o v i d e  a c h a r a c t e r i s t i c  
response t o  l o s t  c i r c u l a t i o n .  

0 L i m i t e d  A p p l i c a t i o n  - Th is  ca tegory  rep resen ts  those  t o o l s  

which can p r o v i d e  a c h a r a c t e r i s t i c  response t o  l o s t  c i r c u l a t i o n  

zones i n  c e r t a i n ,  l i m i t e d  i ns tances .  

he demarcat ion between t h e  a b i l i t y  o f  t hese  t o o l s  t o  l o c a t e  l o s t  

a t i o n  zones and t h e  t o o l s  p r e v i o u s l y  ment ioned i s  q u i t e  sharp. 

t o o l s  shou ld  o n l y  be used when: 

c o n d i t i o n s  a r e  f a v o r a b l e  f o r  t h e i r  use*, and 

exper ience  i n  t h e  area has proved t h e  wor th  o f  t h e  method. 

No tab le  among t h e  l i m i t e d  a p p l i c a t i o n  t o o l s  a r e  t h e  Borehole Telev iewer ,  

Downhole Camera, F r a c t u r e  I d e n t i f i c a t i o n  Log and Focusing E l e c t r o d e  

Logs. 

I 

* See Appendix I 1  f o r  more i n f o r m a t i o n  on i n d i v i d u a l  t o o l s .  



As noted, t h e  Borehole Te lev iewer  and t h e  Downhole T e l e v i s i o n  

p r o v i d e  s i m i l a r  i n f o r m a t i o n .  Both t o o l s  r e c o r d  f e a t u r e s  o f  t h e  bo reho le  

w a l l  l i k e  i n t e r s e c t i n g  , f rac tu res  and vugs - t h e  t e l e v i e w e r  employ ing a 
n e a r - f i e l d  a c o u s t i c  s i g n a l ,  t h e  camera o b t a i n i n g  photographs. These two 

t o o l s  a r e  much b e t t e r  s u i t e d  t o  l o c a t i n g  f r a c t u r e  and vugu la r  zones than  

t h e  r e s i s t i v i t y  l ogs .  

G 

, 

The F r a c t u r e  I d e n t i f i c a t i o n  Log ( F I L )  and t h e  Focusing E l e c t r o d e  

Log a re  t h e  bes t  o f  t h e  r e s i s t i v i t y  dev ices.  Thle F I L  l o g g i n g  sequence 

c o n s i s t s  o f  a Dual I n d u c t i o n - L a t e r o l o g  (D IL )  and a m i c r o r e s i s t i v i t y  

l og .  The D IL  can p r o v i d e  a c h a r a c t e r i s t i c  response t o  h i g h  c o n d u c t i v i t y  

l o s t  c i r c u l a t i o n  zones w h i l e  t h e  m i c r o r e s i s t i v i t y  dev i ce  i s  use fu l  i n  

l o c a t i n g  f r a c t u r e s  t h a t  may be t h e  cause o f  l o s t  c i r c u l a t i o n .  The 

Focusing E l e c t r o d e  Log a1 so responds t o  changes i n  r e s i s t i v i t y ,  b u t  has 

b e t t e r  v e r t i c a l  r e s o l u t i o n .  

The f o l l o w i n g  t o o l s  a r e  n o t  recommended f o r  l o c a t i n g  l o s t  
c i  r c u l  a t i o n  zones: 

Impress ion  Packers - The l i m i t e d  l e n g t h  o f  i n v e s t i g a t i o n  and i t s  

i n a b i l i t y  t o  p r o v i d e  a c h a r a c t e r i s t i c  response t o  l o s s  zones make i t s  

use o f  l i m i t e d  p r a c t i c a l i t y .  

Neutron Logs - The t o o l s  sha l l ow  depth  o f  i n v e s t i g a t i o n  (2  t o  6 
i nches )  coupled w i t h  i t s  i n a b i l i t y  t o  always p r o v i d e  a d i s c e r n a b l e  

response r u l e  ou t  t h e  use o f  t h i s  t o o l .  

Format ion Dens i t y  Log - The p o r t i o n  o f  t h e  b u l k  d e n s i t y  measurement 

s u b j e c t  t o  change i s  q u i t e  smal l .  Fur thermore,  t h e  t o o l  i s  a sha l l ow  

i n v e s t i g a t i o n  dev i ce  which averages va lues  ove r  a f a i r l y  l a r g e  volume. 
The c o s t  versus b e n e f i t  i s  t o o  h i g h  t o  make t h i s  survey an accep tab le  

met hod. 



Risk .  Cost and A v a i l a b i l i t v  E v a l u a t i o n  

A 
The C r i t e r i a  o f  Risk (20%), Cost ( l o % ) ,  and A v a i l a b i l i t y  (20%) 

c o n s t i t u t e  t h e  o t h e r  h a l f  o f  t h e  e v a l u a t i o n  weight ing.  The Risk Ranking 

i s  g i ven  i n  Table 4. R isk  and A v a i l a b i l i t y  ( e i t h e r  0 o r  100%) can 

s i g n i f i c a n t l y  impact o v e r a l l  rank ing.  For example, Downhole T e l e v i s i o n  

drops from a h i g h  performance p o t e n t i a l  t o  near t h e  bottom o f  t h e  l i s t  

i n  o v e r a l l  p o t e n t i a l  because i t s  use e n t a i l s  t h e  r i s k  o f  f a i l u r e  a t  h i g h  

temperatures o r  i n  opaque muds. More impor tan t ,  however, i s  t h e  f a c t  

t h a t  t h i s  survey i s  h i g h l y  l i m i t e d  i n  a v a i l a b i l i t y .  A h i g h  temperature 

t o o l ,  i f  a v a i l a b l e ,  would p l a c e  t h i s  t o o l  above t h e  Spinner Survey. 

Three o f  t h e  b e t t e r  methods f o r  mapping l o s t  c i r c u l a t i o n  zones a r e  

unava i l ab le .  No p lans  were found f o r  r e i n t r o d u c i n g  t h e  Hot F i l m  

Anemometer, t h e  Hot Wire Survey o r  t h e  Los t  C i r c u l a t i o n  De tec to r  i n t o  
commercial use. As a r e s u l t ,  t hese  t o o l s  had t o  be judged on t e c h n i c a l  

p r o p e r t i e s  o n l y  (and scores t h e r e f o r e  ad jus ted ) .  O f  t hese  t o o l s  t h e  Hot 

Wire Survey and t h e  Los t  C i r c u l a t i o n  D e t e c t o r  were found h i g h l y  

successfu l  i n  use, t e s t i n g  o f  t h e  l a t t e r  be ing  l i m i t e d  however. High 

temperature t o o l s  and inc reased  r e l i a b i l i t y ,  p a r t i c u l a r l y  t h a t  o f  t h e  
Hot Wire Survey would add g r e a t e r  c a p a b i l i t i e s  t o  map l o s t  c i r c u l a t i o n  

zones. The Hot F i l m  Anemometer had h i g h  temperature c a p a b i l i t i e s  b u t  

l acked  s u f f i c i e n t  t e s t i n g  o r  exper ience. 

A 



E v a l u a t i o n  Conclus ions 

Conclus ions r e s u l t i n g  f rom t h e  assessment o f  t h e  c a p a b i l i t y  o f  

equipment and methods t o  map and q u a n t i f y  l o s t  c i r c u l a t i o n  zones i n  

geothermal we1 1 s are:  

1. Several  methods a r e  a v a i l a b l e  t o  map l o s t  c i r c u l a t i o n  zones i n  

geothermal w e l l s  a t  temperatures t o  27!5"C (527°F) .  No s i n g l e  

t o o l  i s  capable o f  comp le te l y  mapping l o s t  c i r c u l a t i o n  zones. 

Rather,  m u l t i p l e  t o o l s ,  u s u a l l y  two, ,are r e q u i r e d  t o  o b t a i n  

s u f f i c i e n t  i n f o r m a t  i on .  

2. No s i n g l e  method i s  t h e  bes t  i n  a l l  cases. However, t h e  new 

combined Sound-Temperature Log has been used s u c c e s s f u l l y  i n  

seve ra l  d i v e r s e  a p p l i c a t i o n s  and i s  t h e  s i n g l e  most p romis ing  

t o o l .  

3. Too ls  t h a t  measure more t h a n  one parameter g e n e r a l l y  r e i n f o r c e  

one ano the r  and t e n d  t o  p r o v i d e  b e t t e r  r e s u l t s  t h a n  s i n g l e  

measurement t o o l  s. 

4. The cho ice  o f  a t o o l  must be d i c t a t e d  by t h e  t y p e  o f  

i n f o r m a t i o n  r e q u i r e d  and t h e  downhole env i ronmen t ' s  i n f l u e n c e  

on t h e  performance and r e l i a b i l i t y  o f  t h e  t o o l s  b e i n g  
considered. 

5. No r a d i c a l l y  new des ign  approaches f o r  mapping l o s t  c i r c u l a t i o n  

zones were found. The development t r e n d  appears t o  be focused 

on i n c r e a s i n g  t h e  c a p a b i l i t i e s  o f  e x i s t i n g  techno log ies .  . 

6. P r e s e n t l y  a v a i l a b l e  systems can improve l o s t  c i r c u l a t i o n  -.. -_ 
understanding,  tTeatment,  and c o n t r o l .  

- 



7.  Future ava i l  a b i l  i ty of high-temperature geothermal logging 
tools h a v i n g  260" t o  288°C (500" t o  550°F) and limited 316°C 
(600°F) capacity appears promi s ing '  w i t h  several companies 
currently u p d a t i n g  existing technology, or developing new 
technologies, for use i n  high-temperature environments. 

8. Several tools beneficial i n  mapping l o s t  circulation zones, 
e.g., Lost Circulation Detector, are  n o t  available. 
Feasibi l i ty  studies on high-temperature versions of these tools 
as well as cost /benefi t  analysis could determine i f  the 
introduction of these t o o l s  i n t o  commercial use would 
s ignif icant ly  increase the number of useful a1 ternatives.  

n 

. 

9. Further research on e lec t r ica l  r e s i s t i v i t y  devices i s  needed t o  
determine conditions favorable for the i r  use, develop bet ter  
i n t e r p r e t a t i o n  techniques, and e s t a b l i s h  t h e  p o s s i b i l i t y  o f  new 

appl ications.  
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APPENDIX I 

EXPLANATION OF EVALUATION PROCEDURE - 

The approach t o  evaluai t ion,  t h e  e v a l u a t i o n  c r i t e r i a ,  t h e  r a t i o n a l e  
+ 

f o r  w e i g h t i n g  t h e  c r i t e r i a  and t h e  s c o r i n g  methodology a r e  desc r ibed  i n  

t h i s  appendix. 
t 

THE APPROACH 

The o b j e c t i v e  of t h e  e v a l u a t i o n  p l a n  was t o  p r o v i d e  a procedure 

whereby one c o u l d  eva lua te  a t o o l  o r  t echn ique  a g a i n s t  w e l l  d e f i n e d  

c r i t e r i a ,  t hen  t r a n s l a t e  t h e  judgment i n t o  a numerical  va lue  t o  g i v e  

each t o o l  evaluated a numerical  score. 

There a r e  severa l  b e n e f i t s  d e r i v e d  f rom a numerical  e v a l u a t i o n  

scheme. One i s  t h a t  t h e  e ,va lua to r ' s  judgment can be q u a n t i f i e d  a g a i n s t  

a f i x e d  sca le  so t h a t  each t o o l  i s  r a t e d  i n  t h e  same manner, t hus  
showing i t s  m e r i t  i n  comparison w i t h  each o the r .  

Another b e n e f i t  i s  t h a t  t h e  reader  can examine t h e  r a t i o n a l e  o f  t h e  
f i n a l  scores by l o o k i n g  at. each c h a r a c t e r i s t i c  o f  ti t oo l  o r  techn ique  

t h a t  was g i ven  a grade and see e x a c t l y  where t h e  s t r o n g  and weak p o i n t s  

a r e  i n  each. Since a l l  t 'oo l  s e l e c t i o n s  a r e  t h e  r e s u l t  o f  t r a d e - o f f s ,  

t h e  s c o r i n g  system a i d s  i n  a f i n a l  rack ing .  

I n  data c o l l e c t i o n ,  each t o o l  and techn ique  was desc r ibed  i n  terms 

o f  design, method o f  use, response, and t h e  t h e o r y  upon which i t  

operates.  The t o o l s  were then  assessed i n d i v i d u a l l y  and c o l l e c t i v e l y  i n  

o r d e r  t o  determine t h e  r e l a t i v e  va lue  o f  each t o o l  o r  technique. 
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" EVALUATION C R I T E R I A  

The f i r s t  s tep  was t o  de f i ne  a s e t  o f  c r i t e r i a  by which each t o o l  

cou ld  be measured. The approach was t o  l ook  a t  each t o o l  w i t h i n  f o u r  

c a t e g o r i e s  o f  c r i t e r i a ,  f u r t h e r  d i v i d e d  i n t o  elements and subelements. 

6nd 

1. C r i t e r i a  Categor ies  

To de.f ine t h e  t o p  l e v e l ,  c r i t e r i a  ca tegor ies  are:  

Performance - t h e  c a p a b i l i t y  t o  achieve needed o p e r a t i o n a l  

c h a r a c t e r i s t i c s ,  p lu ! j  re1 i a b i l  i t y .  

R isk  - t h e  p o s s i b i l i t y  t h a t  performance may n o t  be met because 

o f  t h e  des ign  approach, absence o f  t e s t i n g ,  o r  some s p e c i f i c  

t e c h n i c a l  cons ide ra t i on .  

A v a i l a b i l i t y  - -the a v a i l a b i l i t y  o f  a des ign depending upon t h e  

s tage o f  development. 

Cost - t h e  es t imated  c o s t  o f  t h e  system i n c l u d i n g  development 

and manufac tur ing  co:jtS. 

Each o f  t h e  above c r i t e r i a  ca tegor ies  i s  broken i n t o  

s u h c r i t e r i a ,  o r  elements. 

2. C r i t e r i a  Elements 

Each c r i t e r i a  ca tegory  was f u r t h e r  d i v i d e d  i n t o  elements and 

subelements. 
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A. Performance 

Locate Zones - I n  o r d e r  t o  l o c a t e  a l o s t  c i r c u l a t i o n  zone, t h e  

t o o l  must p r o v i d e  a c h a r a c t e r i s t i c  response a t  t h e  p o i n t  o f  

l oss .  It must p r o v i d e  i n f o r m a t i o n  on t h e  depth and o r i e n t a t i o n  

o f  t h e  zone. The depth o f  t h e  zone i s  t h e  most impor tan t  aspect  

o f  l o c a t i n g  t h e  zone and has g r e a t e r  impor tance than  t h e  

o r i e n t a t i o n .  

Q u a n t i f y  Zone S ize  - To q u a n t i f y  zone s i z e ,  t h e  t o o l  o r  techn ique 

must p rov ide  i n f o r m a t i o n  on t h e  h e i g h t ,  w id th ,  and f l o w  r a t e  i n t o  

t h e  zone. T h i s  i n f o r m a t i o n  a l l o w s  t h e  volume o f  t h e  zone t o  be 

computed, i t s  geometry t o  be descr ibed,  and p rov ides  a d i r e c t  

measure o f  t h e  r a t e  o f  l oss .  

Operate i n  Geothermal Well - T h i s  aspect  o f  performance i s  t h e  

assessment o f  t h e  t o o l  I s a b i  1 i t y  t o  opera te  a t  e l e v a t e d  

temperature. I n  p r e l i m i n a r y  f i n d i n g s ,  t h e  e f f e c t s  o f  p ressure  

and t h e  t y p e  and we igh t  o f  d r i l l i n g  mud were found t o  have a 
profound i n f l u e n c e  on many t o o l s '  a b i l i t y  t o  p r o p e r l y  f u n c t i o n .  

Consequently, these parameters have been i n c o r p o r a t e d  i n t o  t h i s  

c a t  ego ry . 
Accuracy - When t h i s  f a c e t  o f  performance was examined, two types  
o f  accuracy where found t o  be present .  F i r s t ,  t h e r e  i s  t h e  

accuracy o f  t h e  measurements. Secondly, t h e r e  i s  t h e  accuracy 

w i t h  which t h e  t o o l  can d e f i n e  t h e  l o c a t i o n  and s i z e  o f  t h e  

zone. T h i s  l a t t e r  accuracy i s  a composite r e l a t i o n s h i p  between 

t h e  t y p e  o f  measurements ob ta ined,  techn ique used and o t h e r  

p e r t i n e n t  f a c t o r s ,  such as sonde s ize .  

R e l i a b i l i t y  - R e l i a b i l i t y  i s  t h e  a b i l i t y  o f  t h e  t o o l  t o  per fo rm 

w i t h o u t  downtime due t o  system f a i l u r e .  
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B. R isk  C r i t e r i a  

4 

Stage o f  Development - The stage o f  development r e f l e c t s  t h e  

c u r r e n t  s t a t e - o f - t h e - a r t  o f  t h e  t o o l s  and i s  r e p r e s e n t a t i v e  o f  

t h e  r i s k  i n v o l v e d  i n  u s i n g  t h e  t o o l  i n  terms o f  i t s  degree o f  

complet ion,  h e r e a f t e r  r e f e r r e d  t o  as t i m e t a b l e ,  temperature,  and 

pressure  c a p a b i l i t i e s .  

Design Approach - Th is  element assesses t h e  r i s k  o f  u s i n g  a 

p a r t i c u l a r  t o o l  t o  l o c a t e  and q u a n t i f y  t h e  zone w i t h  respec t  t o  

t h e  measurements obta ined,  t h e  t h e o r y  upon which opera t i on ,  i s  

based and o v e r a l l  des ign  o f  t h e  t o o l .  

Exper ience/Tes t ing  - Assesses t h e  r i s k  i n v o l v e d  i n  u s i n g  t h e  t o o l  

i n  terms o f  i t s  success under f i e l d  c o n d i t i o n s  and i n  t e s t i n g .  

C. Cost C r i t e r i a  

Cost assessment i s  t h e  comparison o f  t h e  t o t a l  cos t  t o  

opera te  a t o o l  w i t h  t h e  c o s t  t o  opera te  o t h e r  t o o l s .  Costs f o r  

each t o o l  represented t h e  d i r e c t  cos ts  ( n o t  f i g  t ime,  hau l ing ,  

e tc . )  o f  runn ing  t h a t  t o o l  under t h e  f o l l o w i n g  c o n d i t i o n s :  

T o t a l  Depth 8,000 f e e t  
Survey Length 500 f e e t  

Temperature 4 5 O O F  

Time (Round T r i p )  6 hours 

The adop t ion  o f  a s tandard s e t  o f  c o n d i t i o n s ,  r e a l i s t i c  i n  

na ture ,  a l l o w s  each t o o l  t o  be judged i n  t h e  same manner. 
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D. A v a i l a b i l i t y  C r i t e r i a  

A v a i l a b i l i t y  i s  concerned w i t h  t h e  ease w i t h  which a t o o l  

can be acqui red.  For exper imenta l  t o o l s  a v a i l a b i l i t y  i s  judged 

on t h e  proposed market  e n t r y  da te  and t o t a l  scheduled produc t ion .  

Wi th  t h e  e v a l u a t i o n  c r i t e r i a  i d e n t i f i e d ,  d e f i n e d  and 

s t r u c t u r e d  i n t o  manageable elements, t h e  means was a v a i l a b l e  f o r  

examining each t o o l  a g a i n s t  t h e  same s e t  o f  s tandards.  

The nex t  necess i t y  was t o  determine p roper  we igh ts  f o r  each 

c r i t e r i a ,  an e s s e n t i a l  s tep  desc r ibed  i n  t h e  nex t  sec t i on .  



WEIGHTING AND RATIONALE FOR EVALUATION C R I T E R I A  

The va lues g i ven  t o  each o f  t h e  e v a l u a t i o n  c r i t e r i a  and r a t i o n a l e  

f o r  t h e  we igh ts  ass igned i s  d iscussed below. 

1. Category Weight ing 

A1 though t h e  ass igned ca tegory  we igh ts  shown a r e  s u b j e c t i v e  i n  

n a t u r e  and, t h e r e f o r e ,  somewhat a r b i t r a r y ,  t h e y  represent  a 

concensus o f  d i scuss ions  w i t h  severa l  f i e l d  engineers on t h e  

r e l a t i v e  impor tance o f  these c h a r a c t e r i s t i c s  i n  making dec i s ions  on 

t o o l s  t o  run. 

Performance 

R isk  

A v a i l a b i l i t y  

c o s t  

50% 

2 ox 
2 OI% 
1 o:% 

1oox 
- 

I n  assess ing t h e  va r ious  t o o l s  and techniques a p p l i c a b l e  t o  

t h e  program, major  emphasis must be p laced on performance 
c h a r a c t e r i s t i c s .  These c h a r a c t e r i s t i c s  represent  t h e  main program 

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

plan. Risk, a v a i l a b i l i t y ,  and cos t ,  w h i l e  impor tan t ,  a t t a i n  t r u e  

wor th  o n l y  i f  they  a r e  judged i n  t h e  l i g h t  o f  t h e  d e s i r e d  

c h a r a c t e r i s t i c s .  To t h i s  end, performance has been g i ven  a 50% 

weigh t ing .  

R isk  and a v a i l a b i l i t y  have been g i ven  equal we igh t i ngs  o f  20%. 

Risk,  t h e  p r o b a b i l i t y  o f  success, has d i r e c t  bea r ing  on t h e  capa- 
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b i l i t y  o f  a t o o l  o r  t echn ique  t o  pe r fo rm i n  a g i v e n  s e t  o f  w e l l  

c o n d i t i o n s .  A v a i l a b i l i t y ,  p a r t i c u l a r l y  t h e  a v a i l a b i l i t y  o f  h igh -  

temperature t o o l s ,  p rov ides  a measure o f  t h e  number o f  t o o l s  w i t h  

these  d e s i r e d  c h a r a c t e r i s t i c s .  These c a t e g o r i e s  a r e  more impor tan t  

t h a n  c o s t  (10% w e i g h t i n g ) ,  which has no r e l a t i o n  t o  t h e  a c t u a l  

f u n c t i o n i n g  o f  t h e  t o o l ,  o r  t h e  c h o i c e  o f  a t o o l  w i t h  respect  t o  

o b t a i n i n g  i t  f o r  use. 

2. Elements Weight ing 

Performance and r i s k  a r e  composed o f  severa l  elements. These 

elements a r e  i n  t u r n  broken i n t o  s u p p o r t i n g  subelements. This  

s e c t i o n  discusses t h e  w e i g h t i n g  r a t i o n a l e  f o r  these elements and 

subel ements. A v a i l a b i l i t y  and c o s t  c o n t a i n  s i n g l e  elements, 

e q u i v a l e n t  t o  a 100% element  w e i g h t i n g ,  and r e q u i r e  no f u r t h e r  

d iscuss ion.  

Performance c o n s i s t  o f  f i v e  impor tan t  elements: 

b. Q u a n t i f y  

c. Operate 

d. Accuracy 

e. R e l i a b i l  

a. Locate Los t  C i r c u l a t i o n  Zones 

Zone S ize  

n Geothermal We1 1 

22.5% 

22.5% 

22.5% 

22.5% 

10 % 
100 % 

The f i r s t  f o u r  elements ( a  - d)  a r e  weighted e q u a l l y  a t  22.5% 

and c o n s t i t u t e  90% u f  performance. Each o f  t hese  elements i s  

e q u a l l y  impor tan t  f o r  t h e  f o l l o w i n g  reasons. Elements - -  a, b y  and - c 

a r e  t h e  performance c h a r a c t e r i s t i c s  r e q u i r e d  t o  comp le te l y  map l o s t  

c i r c u l a t i o n  zones i n  geothermal w e l l s .  Each one i s  i n d i s p e n s i b l e  t o  

t h e  f u l f i l l m e n t  o f  t h e  program. Element - d, Accuracy, i s  necessary 

t o  assess t h e  r e s o l u t i o n  c a p a b i l i t y  o f  t h e  t o o l  o r  technique.  



The remain ing 10% o f  performance i s  ass igned t o  r e l i a b i l i t y .  

Whi le r e l i a b i l i t y  i s  n o t  a t r u e  performance c h a r a c t e r i s t i c ,  i t s  

impact i s  apparent. T h i s  w e i g h t i n g  a l l o w s  i t s  impact t o  be f a i r l y  

represented w i t h o u t  d e t r a c t i n g  f rom t h e  "pure" performance 

c h a r a c t e r i s t i c s .  

3. Subel ement Weiaht i  na - Performance 

A .  Locate L o s t  C i r c u l a t i o n  Zones 

F i n d  Depth 

Determine O r i e n t a t i o n  
80% 

20% 

100% 
- 

To l o c a t e  t h e  zone o f  l o s t  c i r c u l a t i o n ,  t h e  t o o l  must p r o v i d e  

i n f o r m a t i o n  on t h e  depth and o r i e n t a t i o n  o f  t h e  zone. The depth o f  

t h e  zone i s  t h e  most impor tan t  f a c t o r  i n  terms o f  d e s c r i b i n g  t h e  

zone 's  p o s i t i o n  and i s  always a p p l i c a b l e .  The o r i e n t a t i o n  o f  t h e  

zone i s  o f  use when t h e  h o l e  i s  dev ia ted ,  when c o r r e l a t i o n  informa- 

t i o n  i s  needed o r  when o r i e n t a t i o n  impacts i n t e r p r e t a t i o n .  For  t h e  

above reasons, t h e  depth i n f o r m a t i o n  i s  weighted 80% and t h e  o r i e n t -  

a t i o n  20%. 

B. Q u a n t i f y  Zone S ize  

Height  

Width 

Flow Rate i n t o  Zone 

33% 
33% 

34% 
100% 
- 



I n  o r d e r  t o  q u a n t i f y  zone s i ze ,  i t  i s  necessary t o  know t h e  

volume o f  t h e  zone and t h e  r a t e  a t  which much l o s s  i s  occu r r i ng .  

Such knowledge i s  a v a i l a b l e  i f  t h e  he igh t ,  w i d t h  and f l o w  r a t e  i n t o  

t h e  zone can be determined. These parameters a r e  needed t o  desc r ibe  

t h e  shape o f  t h e  zone, t o  compute t h e  volume o f  t h e  zone, and t o  

p r o v i d e  a d i r e c t  measure o f  t h e  r a t e  o f  loss. These parameters a r e  

equal l y  impor tan t ,  as r e f 1  ec ted  by t h e  we igh t ing .  

C. Operate i n  Geothermal Well  

Temperature R a t i n g  

Pressure Ra t ing  

D r i l l i n g  Mud Type 

33% 

33% 
34% 

100% 
- 

Three subelements have been found p e r t i n e n t  i n  judging a t o o l ' s  

a b i l i t y  t o  opera te  i n  geothermal we l l s .  The most obv ious c r i t e r i a  

a r e  t h e  e f f e c t s  o f  p ressure  and e l e v a t e d  temperatures assoc ia ted  

w i t h  geothermal we1 1s. Less obv ious,  though e q u a l l y  impor tan t ,  a r e  
t h e  e f fec ts  of mud t y p e  and d e n s i t y  on a t o o l ' s  a b i l i t y  t o  operate.  

Many e l e c t r i c a l  dev ices  a r e  r e s t r i c t e d  i n  t h e  t y p e  o f  mud they  can 

be used i n ,  due t o  t h e  r e s i s t i v i t y  requi rements o f  t h e  t o o l .  The 

d e n s i t y  o f  mud was found t o  have h i g h  impact on some mechanical and 

a c o u s t i c  devices. Since each subelement, independent ly  o r  conce r t -  

ed, can r u l e  ou t  t h e  use o f  a p a r t i c u l a r  t o o l  and e x h i b i t  s i m i l a r  

e f f e c t s  on t h e  t o o l ' s  a b i l i t y  t o  operate,  t hey  have been e q u a l l y  

weighted. 

D. Accuracy 

Tool Accuracy 

Accuracy w i t h  which t h e  t o o l  
(open & cased ho les)  
- l o c a t e s  t h e  depth o f  t h e  zone (25%) 
- q u a n t i f i e s  t h e  zone (25%) 

50% 

50% 

L_ 

100% 
A 



4. 

Accuracy i s  a r e p r e s e n t a t i o n  o f  t h e  accuracy o f  t h e  measure- 

ments ob ta ined  and t h e  accuracy w i t h  which t h e  t o o l  can l o c a t e  and 

q u a n t i f y  zone s ize .  These subelements have been e q u a l l y  weighted i n  

an a r b i t r a r y  manner. A l though t h e  w e i g h t i n g  i s  a r b i t r a r y ,  each t o o l  

i s  s t i l l  r a t e d  i n  t h e  same manner by p r o v i d i n g  a common "ya rds t i ck . "  

Subel ement Weight ing - R i  sk 

R isk  i s  composed o f  t h r e e  elements. 

Stage o f  Development 

Design Approach 

Exper ience/Tes t ing  

33% 
33% 
34% 
100% 

These elements represent  t h e  va r ious  aspects  o f  r i s k .  Each one 

i s  needed t o  adequate ly  desc r ibe  r i s k  and a l l  appear t o  e x e r t  equal 

i n f l u e n c e  on t h e  f i n a l  assessment. 

A. Stage o f  Development 

Temperature Ra t ing  

Pressure R a t i n g  

T imetab le  

4 5% 
45% 
10% 
100% 
- 

The s tage o f  development dea ls  w i t h  t h e  s t a t e - o f - t h e - a r t  o f  t h e  

t o o l s  and techn iques  d e t a i l e d  i n  ou r  study. Temperature and pres-  

sure  r a t i n g s  compose 90% o f  t h e  t o t a l ,  f o r  reasons s i m i l a r  t o  those  
desc r ibed  e a r l i e r .  T imetab le  has been ass igned t h e  remain ing 10%. 

I t s  impor tance i n  comparison t o  t h e  temperature and pressure  l i m i t a -  

t i o n s  i s  very  small  and i t  i s  adequate ly  represented  under a v a i l -  

a b i l i t y .  



B. Design Approach 
A 

Impact o f  des ign  approach on t o o l ' s  c a p a b i l i t y  t o :  

- l o c a t e  l o s t  c i r c u l a t i o n  zones 

- q u a n t i f y  zone 

50% 

50% 
100% 

Each subelement assesses t h e  r i s k  o f  t h e  des ign  approach w i t h  

respec t  t o  performance c h a r a c t e r i s t i c s .  Both a r e  e s s e n t i a l  and must 

be equ iva len t .  

C. Exper ience/Tes t ing  
(Contains no subelements) 

Tab le  1 summarizes a l l  t h e  c r i t e r i a  and t h e  va lues ass igned 

The breakdown s t r u c t u r e  ( F i g u r e  1) shows t h e  same i n f o r m a t i o n  them. 

i n  g raph ic  form. 

t 

' J  

A 



Table 1. E v a l u a t i o n  C r i t e r i a  

Subel ement 
Wei q h t  -- 

1 .O PERFORMANCE 

1.1 LOCATE LOST CIRCULATION ZONES 
1.1.1 F i n d  Depth 
1.1.2 Determine O r i e n t a t i o n  

1.2 QUANTIFY ZONE S I Z E  
1.2.1 He igh t  
1.2.2 Width 
1.2.3 Flow Rate i n t o  Zone 

1.3 OPERATE I N  GEOTHERMAL WELL 
1.3.1 Temperature R a t i n g  
1.3.2 Pressure R a t i n g  
1.3.3 D r i l l i n g  Mud Type 

1.4.1 Tool Accuracy 
1.4.2 

1.4 ACCURACY 

Accuracy w i t h  which t h e  t o o l  
(open & cased h o l e s )  

- Locates t h e  depth 
o f  t h e  zone 

- Q u a n t i f i e s  t h e  zone 
1.5 RELIABILITY 

2.0 R I S K  

2.1 STAGE OF DEVELOPMENT 
2.1.1 Temperature R a t i n g  
2.1.2 Pressure R a t i n g  
2.1.3 T imetable 

Impact  o f  des ign approach on 

- Locate l o s t  c i r c u l a t i o n  zones 
- Q u a n t i f y  zone 

2.2 D E S I G N  APPROACH 

t o o l ' s  c a p a b i l i t y  t o :  

2.3 EXPERIENCE/TESTING 

3.0 COST .. 

3.1 RELATED TO OTHER TOOLS 

4.0 AVAILABILITY 

4.1 Ease o f  Obtainment 

8 0% 
2 046 

3356 
33% 
3 4% 

3 356 
33% 
3 4% 

50% 

5 0% 

4 546 
45% 
1 ox 

5 O!% 
5 0 %  

E l  ement 
Weight 

22.5% 

22.5% 

22.5% 

22.5% 

10% 

33% 

33% 

34% 

100% 

100% 

Category 
Weight 

50% ( o f  100%) 

20% ( o f  100%) 

10% ( o f  100%) 

20% ( o f  100%) 

63 



q-q 0
 

m
 

1 03 I-
v

 

d
 

r
t
 

t
 

m
 L
 

V
 

64 



. . . . . . . . . . . . .. . - . . . . . .. . 

Example o f  Scor ing  Methodology 

The f i n a l  s tep  was t o  assess each t o o l  u s i n g  t h e  d i f f e r e n t  l e v e l s  

of c r i t e r i a  o r  standard; ass ign  a va lue  t o  each judgment and u l t i m a t e l y  

a r r i v e  a r i t h m e t i c a l l y  a t  a s i n g l e ,  f i n a l  score f o r  each t o o l .  

6lh 

Each k i n d  o f  c r i t e r i a  has been ass igned a weight ,  depending upon 

i t s  importance, as f o l l o w s :  

A sample s c o r i n g  worksheet i s  shown i n  F igu re  2. To use 

t h i s  worksheet, t h e  e v a l u a t o r  must ass ign  t o  each subelement 

o r  element a b a s i c  or "Raw" score f rom 0 t o  10, 0 be ing  

va lue less  and 10 be ing  h ighes t .  Us ing t h e  Raw Score, t h e  

v a r i o u s  we igh ts  a r e  a p p l i e d  and summed t o  a r r i v e  a t  t h e  F i n a l  

Score. Thus, once t h e  Raw Score i s  assigned, c a l c u l a t i o n  o f  

t h e  f i n a l  score becomes a s t r a i g h t - f o r w a r d  a r i t h m e t i c  

process. 



Figure  2 
Sample Scoring Sheet 

TOOL NAME - BOREHOLE SOUND - TEMPERATURE SURVEY 

Criteria 

PERFORMANCE 

Locate lost circulation zoiic 
Find depth 
Determine orientation 

Quantify zone s ize  
Height 
Width 
Flow rate into zone 

Operate in geothermal well 
Temp. rating 
Pressure ratiny 
Mud wtltype 

Accuracy 
Tool accuracy 
Locate zone 
Quantify zone 

Reliability 

RISK 

Stage of development 
Temp. rating 
Pressure rating 
Mud wt/type 

Design approach 
* Locate zone 

Quantify zonc 

Ex per ience/Testi n g  

Score Weight Score Weigh t Score 
-- 

4 80'Xt 7-3 
/ 12 

7 
2 O'X 

7 Y  22.5 'Y 17 

/ +  

' Q  

/4 
8 
77 

/ O  1 OO'X, 1 

- 

c OS1 

A V A l  LAB1 L l  T Y  

Raw scotc range 

Me ti i 11 111 
8 .  10 

Category 
Weight 

X .50 = 

x .20 F 

x .10 yz 

x .20 = 

-~ 

Final score 

Category 
Score 

3 9  
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APPENDIX I 1  

DESCRIPTION AND SCORING WORKSHEET 
FOR EACH LOST CIRCULATION TOOL 

The f o l l o w i n g  Appendix c o n t a i n s  a s e c t i o n  on each l o s t  c i r c u l a t i o n  
mapping t o o l  eva lua ted  . Each s e c t i o n  i nc ludes  a d e s c r i p t i o n  o f  t h e  
t o o l .  comnents on each ca tegory  o f  t h e  e v a l u a t i o n  h e l p  e x p l a i n  t h e  
numerical  assessment assigned . I n d i v i d u a l  eval u a t i o n  s c o r i n g  forms are 
i n c l  uded . F i n a l l y .  a 1 i s t  o f  re fe rences  f o r  each t o o l  i s  p rov ided  . 

The t o o l s  descr ibed and eva lua ted  are  as f o l l o w s :  

S e c t i o n  Page 

Boreho le  Sound-Temperature Survey .................................. 71 
Borehole Te lev iewer  ................................................ 79 
Compensated Sonic Logs ............................................. 87 

Downhole T e l e v i s i o n  ................................................ 103 
Dual I n d u c t i o n - L a t e r o l o g  ........................................... 107 

Focused E l e c t r o d e  Logs ............................................. 119 
Format ion Dens i t y  Log ............................................... 123 

Hot F i l m  Anem.eter ............................................... 133 

I n d u c t i o n  Logs ..................................................... 147 
L o s t  C i r c u l a t i o n  Detec tor  ......................................... 1 5 1  

Neutron Log ....................................................... 163 

Rad ioac t i ve  Tracer  Log ............................................ 175 

Convent ional  R e s i s t i v i t y  Logs ...................................... 93 
Downhole Camera .................................................... 99 

F1 u i d  V e l o c i t y  I n d i c a t o r  ......................... ..., .............. 113 

F r a c t u r e  I d e n t i f i c a t i o n  Log ........................................ 129 

Hot Wire Survey .................................................... 137 
Impress ion Packers ................................................ 141 

M i c r o r e s i s t i v i t y  Logs .............................................. 157 

Neutron-Sonic P o r o s i t y  Log ......................................... 169 

Spinner  Survey .................................................... 181 
Spinner-Temperature Survey ........................................ 185 
Spontaneous P o t e n t i a l  Logs ......................... ., .............. 189 
S t radd le  Packer ................................................... 195 
Temperature Log ................................................ .... 199 
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Name o f  Tool :  

Type: 

Manu f ac t u r e  r : 

cos t :  

S t a t e  o f  Devel oDment : 

Borehole Sound - Temperature Survey 

Acoust ic  (Pass ive i n  Opera t ion)  

Baker P roduc t i on  Serv ices ,  B i  r d w e l l  , 
DIA-LOG, Dresser-At1 as, The GO Company, 
NL McCul 1 ough, Pengo, Worth Systems 

Approx imate ly  $3,850 pe r  run  p l u s  r i g  cos ts .  

The m a j o r i t y  o f  t h e  t o o l s  a r e  developed f o r  temperatures up t o  
350"-4OO"F, 15,000 p s i .  Higher  temperature c a p a b i l i t i e s  a r e  c u r r e n t l y  
f e a s i  b l  e w i t h  h y b r i d  c i  r c u i  t ry. 

Severa l  companies expressed t h e i  r ab i  1 i t y  t o  develop 500°F t o o l  s 
capable o f  cont inuous o p e r a t i o n  u s i n g  o f f - she1  f h y b r i d  c i r c u i t r y .  
P roduc t i on  o f  these t o o l s  i s  n o t  planned, however, i i n t i l  s u f f i c i e n t  
demand makes i t  an economical venture.  

B i r d w e l l  o f f e r s  o n l y  d r y  h o l e  se rv i ce .  

NL McCul lough has 10 1-11/16" sound-temperature probes t h a t  ope ra te  
a t  600°F f o r  6 h r s  and a t  400°F con t inuous ly .  

Genera 1 Descr i p t  i on : 

The t o o l  i s  a combinat ion sound and temperature l o g g i n g  dev i ce  
capable o f  p r o v i d i n g  sequent ia l  surveys on a s i n g l e  t r i p  i n  t h e  hole.  
A p p l i c a t i o n s  i nc lude :  

l o c a t i n g  l o s t  c i r c u l a t i o n  zones 

l o c a t i n g  underground b lowouts 

use i n  p roduc ing  w e l l s  hav ing  communication problems behind 

f i n d i n g  channe l ing  i n  cement be fore  p e r f o r a t i n g  o r  a f t e r  

cemented cas ing  

squeezing, and 

The t o o l  (see F i g u r e  1)  c o n s i s t s  o f  a cas ing  c o l l a r  l o g  (CCL), 

de te rm in ing  o f  r e l a t i v e  f l o w  ra tes .  

e l e c t r o n i c  and a m p l i f i c a t i o n  assembly, no i se  and temperature sondes. 
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General Description (continued) 

The temperature probe i s  a highly sensi t ive,  continuous reading 
thermister which measures the absol Ute and different ia l  temperature of 
the borehol e f l  u i d .  

The noise probe i s  a piezo-electric crystal  which detects sound 
energy generated by f lu id  movement i n  the hole o r  behind casing. The 
detector i s  not directional.  The en t i r e  frequency spectrum i s  seldom 
recorded. Rather, a spectral "finger-printing" i s  used. O u t p u t  from 
the probe i s  broken into bands a t  selected frequencies (normally 200, 
600, 1,000, 2,000, 4,000, and 6,000 hz) and the amplitudes of these 
bands are recorded i n  mil lvol ts  or  decibels vs. depth. 

Logging Procedure for  Lost Circulation 

If a noise log i s  to  be run t o  locate  l o s t  c i rculat ion zones, f lu id  
flow i n t o  the zone must be occurring. In some cases, zones accepting 
whole mud when circulat ing f a i l  t o  do so when the well i s  ''shut-in" and 
allowed t o  stand. In these instances, i t  i s  necessary t o  force flow 
while r u n n i n g  the survey. 

The preferred technique for locating l o s t  circulation zones i s  
described bel ow. 

As the tool i s  lowered from the surface t o  the total  depth of t e s t -  
i n g ,  a temperature log i s  r u n .  The benefit  of logging temperature while 
" r u n n i n g - i n "  i s  t h a t  the probe encounters f luid undisturbed by the mass 
o f  the tool o r  wire l ine .  The resul t ing l o g  i s  compared w i t h  a previous 
s t a t i c  and/or f lowing gradient and any anomal i e s  associated w i t h  l o s t  
c i rculat ion are noted. 

The tool i s  then raised t o  the levels  warranting more investiga- 
t i o n ,  stopped t o  allow extraneous noise to  reduce to the "deadwell" 
s ignal ,  and a sound survey made. The dead we1 1 signal is the background 
noise level o f  the well. I t  determines the m i n i m u m  level of sound 
energy to  which the probe can respond. Each s ta t ion normally requires 
10 t o  20 seconds per reading a f t e r  the noise level has s tabi l ized.  

Information i s  presented in an overall condensed view and a 
detailed expanded view. The condensed view allows the trouble zone to  
be easi ly  recognized while the detailed view provides greater descrip- 
tion. Sound and temperature surveys taken together are superior t o  
e i the r  an independent temperature or sound log. Each f i l l s  the gaps of 
the other and enhances interpretation. In normal operation, the tool i s  
run on wire l i n e  and can be used through the dr i l l  string, and i n  open 
and cased hol es. 

A new t o o l ,  the Radial Differential  Temperature Log, can sometimes 
be used t o  provide directional (azimuthal 1 information. However, the 
RDT Log i s  primarily intended for cased hole applications. 
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A b i l i t y  t o  Locate  L o s t  C i r c u l a t i o n  Zones 

crs 

. 

? 

A good t o o l  f o r  d e f i n i n g  t h e  depth o f  t h e  zone(s)  l o s i n g  
c i r c u l a t i o n .  For  m u l t i p l e  zones i t  i s  adv i sab le  t o  run  t h e  temperature-  
sound l o g g i n g  sequence under s h u t - i n  and va r ious  f l o w i n g  c o n d i t i o n s .  
Th is  enables t h e  opera to r  t o  change t h e  l e v e l  o f  t h e  dead-well  s i g n a l  
and p rov ides  t h e  s e n s i t i v i t y  needed t o  i d e n t i f y  each zone. Poor t o o l  
f o r  showing t h e  o r i e n t a t i o n  o f  t h e  zone. 

C a p a b i l i t y  t o  Q u a n t i f y  S ize  o f  Zone and Rate o f  Loss - 

The t o o l  p rov ides  accu ra te  d e t e r m i n a t i o n  o f  t h e  depth o f  t h e  zone 
and t h e  r e l a t i v e  r a t e  o f  f l o w  i n t o  t h e  zone. Flow r a t e  c a l c u l a t i o n s  a r e  
based on McKin ley 's  formulas. The w i d t h  o f  t h e  zone i s  unreso lved by 
t h e  survey. Tool can d e t e c t  changes i n  sound energy t o  about  10 inches,  
t h e  l e n g t h  o f  t h e  sonde. 

Capabi 1 i ty  t o  Operate i n  Geothermal We1 1 

The t o o l  i s  c u r r e n t l y  l i m i t e d  t o  environments where t h e  tempera- 
t u r e s  do n o t  exceed 350-400°F. Has been run i n  h i g h e r  temperature w e l l s  
t h a t  were adequate ly  coo led  t o  t h e  o p e r a t i n g  temperature o f  t h e  t o o l .  
H igher  temperature c a p a b i l i t i e s  a r e  f e a s i b l e  w i t h  c u r r e n t  s t a t e - o f - t h e -  
a r t  e l e c t r o n i c s .  Dresser expects  t o  f i e l d  t e s t  a 450°F t o o l  soon. 

T h i s  t o o l  i s  ab le  t o  opera te  i n  a l l  d r i l l i n g  f l u i d s  w i t h o u t  adverse 
e f f e c t s  on performance. 

Accuracy 

The b u i l t - i n  accuracy of t h e  t o o l  i s  extremelly good. Temperature 
changes as small  as 0.01"F and smal l  n o i s e  sources as f a r  as 1,000 f e e t  
away a r e  de tec tab le .  Under most c o n d i t i o n s  t h e  t o o l  can l o c a t e  t h e  
boundar ies o f  t h e  l o s t  c i r c u l a t i o n  zone w i t h i n  a f o o t  o r  so. The accu- 
racy  o f  t h e  f l o w  r a t e  de te rm ina t ion  i s  dependent upon how w e l l  known t h e  
geometry o f  t h e  h o l e  i s  and whether t h e  p ressu re  d i f f e r e n t i a l  i s  known 
o r  assumed. I n  ho les  t h a t  a r e  w e l l  descr ibed,  t h e  f l o w  r a t e  can be c a l -  
c u l a t e d  w i t h i n  f 10%. Conversely, t h e  f l o w  r a t e  accuracy may o n l y  be 
accu ra te  t o  w i t h i n  f 50% when used i n  p o o r l y  desc r ibed  i n t e r v a l s .  

Re1 i a b i  1 i t v  

The sound-temperature probe i s  pass i ve  i n  o p e r a t i o n  and h i g h l y  
r e l i a b l e  i n  downhole environments. 

A v a i l a b i l i t y  

The t o o l  i s  w ide l y  a v a i l a b l e .  Fu tu re  a v a i l a b i l i t y  l ooks  even 
b r i g h t e r  w i t h  severa l  companies gear ing  up f o r  p roduc t i on  and o t h e r s  
c o n s i d e r i n g  adding t h e  t o o l  t o  t h e i r  se rv i ces .  
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Gd Figure 2 shows sound log  made i n  LASLs EE-I Well on November 14, 
Log was run i n  an attempt t o  locate hydraul ic f rac tu re  created i n  

The l o g  indicates t h a t  the top o f  the f rac tu re  occurred a t  
Essent ia l ly  the same techniques are used 

1978. 
the well .  
depth o f  8,200 t o  8,500 feet. 
t o  locate l o s t  c i r c u l a t i o n  zones. 

Figure 2. Sound Log o f  LASL E E - I  Well 
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TOOL NAME - BOREHOLE SOUND - TEMPERATURE SURVEY 
- 

Subelement 
Raw Subelement Weighted 

Score Weight Score Criteria 

Element 
Element Weighted 
Weight Score 

PERFORMANCE 

Locate lost circulation zone 
Find depth 
Determine orientation 

Quantify zone size 
Height 

0 Width 
Flow rate into zone 

Operate in geothermal well 
0 Temp. rating 

Pressure rating 
Mud wt l t ype  

Accuracy 
Tool accuracy 
Locate zone 
Quantify zone 

Re1 iability 

RISK 

Stage of development 
0 Temp. rat ing 

Pressure rating 
Mud wt l t ype  

Design approach 
Locate zone 
Quantify zone 

ExperienceITesting 

COST 

AVAl LABILITY /o 100% 

Category 
Weight 

X .50 = 

x .20 = 

x . lo = 

-- 

x .20 = 

Raw score range 

1~7GGJGJ Final score 

Category 
Score 

3-9 

A 7  
.8 

2.0 

8.4 
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Name of Tool: Borehole Televiewer 

Type: Acoustic 
cs 

Manufacturer: Bi rdwel 1 , Simp1 ec 

cost: $30,000 t o  purchase 

State  of Development: The tool i s  rated for  continuous operation a t  
300°F, 20,000 psi. This. rating i s  the maximum 
operating temperature f o r  the unit manufac- 
tured by Birdwell. The Simplec version can 
operate t o  480°F, 20,000 psi .  

Genera 1 Desc r i p t  i on : 

The Borehole Televiewer provides a means f o r  locating and quanti- 
fying fracture  zones as well as other types of borehole inspection. A 
rotating piezo-electric transducer probes the borehole wall with bursts 
of acoustic energy (2,000 pulses/sec). A portion of t h i s  energy i s  re- 
f lected back t o  the transducer where the received impulses are coded and 
transmitted up  hole. The portion of energy reflected i s  a function of 
the physical properties o f  the surface. Accordingly, vugs, chips, and 
fractures will be characterized by low intensi ty  signals and appear as 
dark areas on the "acoustic picture." The result ing log represents the 
borehole wall as i f  i t  were s p l i t  ver t ical ly  a t  mlagnetic north and  la id  
f l a t .  

Tool orientation i s  determined by a flux-gate magnetometer. The 
Borehole Televiewer gives a 360" scan of the borehole wall surface 
depicting casing, fractures and bedding planes. The tool i s  run on 
multi-conductor cable, usually i n  conjunction w i t h  a cal iper  log, and 
can operate in any gas-free homogeneous liquid. The tool i s  sensit ive 
t o  mud weights and i s  recommended for  use in c lear  (no sol ids)  d r i l l i ng  
f luids .  

Ability t o  Locate Lost Circulation Zone 

The tool has essent ia l ly  no7ibi l i ty  t o  d i rec t ly  locate los t  circu- 
lation zones. The tool can only give clues t o  t h e  levels where mud loss  
i s  occurring by providing a visualization o f  the borehole wall. When 
used in conjunction with some other device t h a t  i s  capable of locating 
the level of the zone, i t  can determine the type of los t  circulation 
zone, viz., i f  t h i s  zone i s  a f racture ,  void zone o r  permeable bed. 

---- _. 



C a p a b i l i t y  t o  Q u a n t i f y  S ize o f  Zone and Rate o f  Loss 

Tool g i ves  an accurate i n t e r p r e t a t i o n  o f  c o n d i t i o n s  e x i s t i n g  down- 
ho le.  It prov ides  i n f o r m a t i o n  on t h e  l e n g t h  and o r i e n t a t i o n  o f  f r a c -  
t u r e s  and vo ids.  Tool tends t o  exaggerate f r a c t u r e  and/or v o i d  width,  
however. The degree o f  exaggerat ion i s  n e g l i g i b l e  i n  round ho les  and 
becomes more pronounced i n  ou t -o f - round o r  h i g h l y  rugose holes.  

Tool has no a p p l i c a t i o n  i n  de termin ing  t h e  f l o w  r a t e  o f  escaping 
mud. 

Capabi l  i ty  t o  Operate i n  Geothermal We1 1 

Tool  i s  c u r r e n t l y  r e s t r i c t e d  t o  environments where the  temperature 
i s  a t  o r  below 480°F (249°C). Tool accuracy i s  impa i red  a t  t h e  upper 
temperature 1 i m i  t. Major  work on updat ing  the  temperature capab i l  i t i e s  
o f  t he  t o o l  (525OF) by runn ing  i t  i n  Dewar f l a s k  and i n s t a l l i n g  h ighe r  
temperature e l e c t r o n i c s  i s  c u r r e n t l y  be ing  conducted by Sandia Labora- 
t o r i e s .  F i e l d  t e s t i n g  o f  t he  improved v e r s i o n  i s  scheduled f o r  t he  sum- 
mer o f  1981 and i f  successful  t he  t o o l  w i l l  be i n t roduced  commercial ly.  
Tool can operate i n  any gas- f ree  homogeneous l i q u i d .  Mud weights  should 
n o t  exceed 10-12 l b / g a l  i f  a good reco rd  i s  t o  be obta ined.  

Ac c u racy 

The t o o l  has good r e s o l u t i o n  i n  ho les  t h a t  have a l ow  l e v e l  of 
r u g o s i t y  and have a h i g h  degree o f  s p h e r i c i t y .  I n  ho les  w i t h  s i g n i f i -  
c a n t  r u g o s i t y ,  or f l u i d s  c o n t a i n i n g  a p p r e c i a b l e  c o n c e n t r a t i o n s  o f  sea l -  
i n g  agents, t h e  acous t i c  p i c t u r e  can be washed ou t .  Th i s  s i t u a t i o n  
occurs  when the  i n c i d e n t  pu l se  i s  n o t  normal t o  the  w a l l  sur face  o r  i s  
a t t e n u a t e d  by s o l i d s  i n  t h e  mud stream and becomes excess i ve l y  d i s -  
persed. Th is  s i t u a t i o n  can be somewhat c o r r e c t e d  f o r  by computer 
enhancement o f  the  images. Tool can r e c o r d  f r a c t u r e s  o r  vo ids  as narrow 
as 1/16 o f  an inch.  V e r t i c a l  p o s i t i o n  o f  vo ids  and f r a c t u r e s  i s  
accurate t o  w i t h i n  3" tended angle. 

Re1 i a b i l  i t y  

f o r  t he  f o l l  owing reasons: 
The t o o l  i s  l e s s  r e l i a b l e  than most o t h e r  w e l l  l o g g i n g  survey t o o l s  

. t h e  mechanical and e l e c t r i c a l  c o m p l e x i t y  o f  t h e  t o o l ,  and 

. i n s u f f i c i e n t  i n d u s t r y  research  and e f f o r t  i n  updat ing  ,design. 

A v a i l  a b i l  i t v  

8 

The t o o l  i s  a v a i l a b l e  f o r  s a l e  f rom Simplec and l i m i t e d  s e r v i c e  
from B i r d w e l l  by spec ia l  arrangements. I n f o r m a t i o n  i n d i c a t e s  B i r d w e l l  
may d i scon t inue  the  s e r v i c e  a1 together .  
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Figure  3 .  Borehole Televiewer Logging Tool 
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F i g u r e  4. Block Diagram o f  Borehole Televiewer Logging System 
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TOOL NAME - BOREHOLE TELEV I EWER 

Poor Medium Good 
0 - 3  4 - 7  8 - 10 

Criteria 

Final score 

PERFORMANCE 

Locate lost circulation zone 
Find depth 
Determine orientation 

Quantify zone size 
Height 
Width 
Flow rate into zone 

Operate in geothermal well 
Temp. rating 
Pressure rating 
Mud wt l type  

Accuracy 
Tool accuracy 
Locate zone 
Quantify zone 

Reliability 

RISK 

Stage of development 
Temp. rating 
Pressure rating 

* Mud wtltype 

Design approach 
Locate zone 

*Quantify zone 

Experience/Testing 

COST 

AVAILABILITY 

Subelement 

Score Weight 

R 50% /. 8 
7 50% 

k 100% 

/U 100% 

I Raw score range 1 

Category 
Weight 

X .50 = 

x .20 = 

x .IO = 

x .20 = 

Category 
Score 

6.8 
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Name o f  Tool :  

Type: 

Manu f ac t u r e  r : 

c o s t :  

Compensated Sonic Logs 

Acoust ic  - A c t i v e  i n  Operat ion 

B i  r d w e l l  , Dresser-At l a s  , Schl umberger , 
Welex, The GO Company 

Approx imate ly  $5,800 p e r  run; v a r i o u s  
p resen ta t i ons  a r e  e x t r a  

S t a t e  o f  Development : The m a j o r i t y  o f  son ic  log!; a r e  developed f o r  
temperatures t o  325OF. 

General D e s c r i p t i o n :  

Sonic Logs a r e  used t o  o b t a i n  two impor tan t  measurements: 
t i m e  and t h e  ampl i tudes  o f  compressional (P) and shear ( S )  waves. 
e r a l  methods o f  r e c o r d i n g  and p r e s e n t i n g  t h e  da ta  e x i s t .  
these are :  

t r a n s i t  
Sev- 

Notable among 

T r a n s i t  Time Systems, r e c o r d i n g  da ta  w i t h  c e n t r a l i z e d  o r  
s i d e w a l l  t o o l  

' Ampl i tude Systems, r e c o r d i n g  P and S ampl i tudes 

V a r i a b l e  Dens i t y  Systems, r e c o r d i n g  e n t i r e  wave t r a i n  

A. T r a n s i t  Time Svstems 

These t o o l s  measure t h e  t i m e  r e q u i r e d  f o r  a sound wave t o  t r a v e l  
f rom t h e  t r a n s m i t t e r s  th rough t h e  fo rma t ion  and back t o  t h e  rece ive rs .  
T r a n s i t  t i m e  measurements a r e  p r i m a r i l y  dependent upon fo rma t ion  ma t r i x ,  
d e n s i t y ,  p o r o s i t y ,  and assoc ia ted  f l u i d s .  

The t r a n s m i t t e r s  a l t e r n a t e l y  d e l i v e r  pu l ses  of a c o u s t i c  energy 
(20,000 - 30,000 Hz) t o  t h e  f o r m a t i o n  a t  a r a t e  o f  10 t o  20 t imes a 
second. The r e c e i v e r s  d e t e c t  t h e  f i r s t  a r r i v a l s  o f  t h e  pulse. 
a re  t h e  f a s t e r  moving compressional waves.) 
measurements a r e  averaged t o  p r o v i d e  t r a n s i t  t imes. Th is  t r a n s i t  t i m e  i s  
used t o  determine t h e  p o r o s i t y  and l i t h o l o g y  o f  t h e  formation. 
systems a1 so reco rd  t h e  f i r s t  shear a r r i v a l s .  
i n c l u d e  t h e  d e t e c t i o n  o f  f r a c t u r e s  and gas zones. 

(They 

Some 

Several t i m e  i n t e r v a l  

Other  a p p l i c a t i o n s  

I n  fo rmat ions  c o n t a i n i n g  f r a c t u r e s ,  unconso l ida ted  sands o r  gas, a 
phenomenon known as c y c l e  s k i p p i n g  can occur .  
t e r i z e d  by unusua l l y  l a r g e  t r a n s i t  t imes,  t h i s  occurs when one o f  t h e  
f i r s t  a r r i v a l s  has been a t tenua ted  t o  t h e  e x t e n t  t h a t  i t  f a i l s  t o  t r i g -  
ger  one o f  t h e  rece ive rs .  

Cyc le  s k i p p i n g  i s  charac- 
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General D e s c r i p t i o n  (cont inued)  : 

I n  hard fo rmat ions  c y c l e  s k i p p i n g  i s  a good f r a c t u r e  i n d i c a t o r .  
Conversely, i n  s o f t  fo rmat ions ,  i t  i s  more v a r i a b l e  and t h e r e f o r e ,  l e s s  
conc lus ive .  

B. Acous t ic  Ampl i tude Systems 

Acous t i c  Ampl i tude Logs a r e  used p r i m a r i l y  as an i n d i c a t o r  o f  t h e  
ex i s tence  o f  f r a c t u r e s ,  vugs o r  o t h e r  nonuni form p o r o s i t y .  
t u r e  o r  vug l i e s  between t h e  t r a n s m i t t e r / r e c e i v e r  spacing, p a r t  o f  t h e  
a c o u s t i c  energy s t r i k i n g  t h e  f r a c t u r e  o r  vug i s  r e f l e c t e d  back t o  t h e  
source, thereby  caus ing  a r e d u c t i o n  o f  t h e  amp l i t ude  o f  t h e  compres- 
s i o n a l  wave. While f r a c t u r e s  cause amp l i t ude  r e d u c t i o n  o f  compressional 
waves, shear waves a r e  n e a r l y  o r  comple te ly  stopped. 
s t a t e - o f - t h e - a r t  i s  such t h a t  i t  i s  ve ry  d i f f i c u l t  t o  e f f e c t i v e l y  sepa- 
r a t e  t h e  va r ious  wave t r a i n  components. 
g r e a t e s t  a b i l i t y  t o  separate t h e  component waves. 

When a f r a c -  

U n f o r t u n a t e l y ,  t h e  

Log spacing t o o l s  o f f e r  t h e  

C. V a r i a b l e  Dens i t y  Systems 

The v a r i a b l e  d e n s i t y  systems d i s p l a y  t h e  ampl i tude o f  t h e  e n t i r e  
wave t r a i n  on a g r a y  s c a l e  s i m i l a r  t o  t h a t  used f o r  se ismograph da ta .  
Exper ienced a n a l y s t s  can use t h i s  d i s p l a y  as an i n t e r p r e t a t i v e  a i d  t o  
determine fo rma t ion  cha rac te r  (such as t h e  presence o f  f r a c t u r e s  o r  
vugs) 

A b i l i t y  t o  Locate  L o s t  C i r c u l a t i o n  Zones 

c i r c u l a t i o n  zones and t h e r e f o r e  cannot be used t o  d i r e c t l y  l o c a t e  such 
zones. 
p r o v i d i n g  two impor tan t  p ieces  o f  i n f o h a t i o n :  

Sonic Logs p rov ide  no s p e c i f i c  c h a r a c t e r i s t i c  response t o  l o s t  

They can, however, be used as an a i d  i n  l o c a t i n g  t h e  zone by 

t h e  ex i s tence  o f  f r a c t u r e s ,  and 

t h e  r e l a t i v e  mechanical s t r e n g t h s  o f  t h e  va r ious  zones. 

The use o f  son ic  l o g s  i n  l o c a t i n g  f r a c t u r e d  zones i s  w e l l  docu- 
mented. Various, sometimes c o n f l i c t i n g ,  r e s u l t s  have been r e p o r t e d  
a l though  severa l  general conc lus ions  have been reached. 

A x i a l l y  mounted t r a n s m i t t e r / r e c e i v e r  arrangements have been 
u s e f u l  i n  l o c a t i n g  h o r i z o n t a l  and h i g h  ang le  f rac tu res . ,  
V e r t i c a l  f r a c t u r e s  tend  t o  be i gno red  because t h e y  p r o v i d e  
n e g l i g i b l e  i n t e r r u p t i o n  t o  t h e  t r a v e l  pa th  o f  t h e  wave. 

A l t e r n a t e l y ,  p r e l i m i n a r y  f i e l d  t e s t s  o f  t h e  use o f  c i rcum- 
f e r e n t i a l  l y  t r a v e l i n g  waves f o r  l o c a t i n g  v e r t i c a l  f r a c t u r e s  
appears t o  be a v i a b l e  method. 

Such f r a c t u r e s  may be t h e  cause o f  l o s t  c i r c u l a t i o n ,  p a r t i c u l a r l y  
i n  geothermal we l l s .  



A b i l i t y  t o  Locate L o s t  C i r c u l a t i o n  Zones (con t inued) :  

The r e l a t i v e  s t r e n g t h  o f  t h e  va r ious  zones can be asce r ta ined  by 
t r a v e l  t ime systems. Weaker zones t h a t  may be co,nducive t o  t a k i n g  mud 
are  c h a r a c t e r i z e d  by h igh  P and S wave t r a v e l  t imes. 

crs 

CaDabil i t v  t o  O u a n t i f v  S ize o f  Zone and Rate o f  Loss 

I n f o r m a t i o n  sometimes i s  f u r n i s h e d  on the  he- ight  o f  t h e  f r a c t u r e d  
zone. The w i d t h  o f  t h e  zone i s  undetermined. No i n f o r m a t i o n  i s  
a f f o r d e d  on the  r a t e  o f  l oss .  Process acous t i c  f l o w  meters ( l i q u i d  
o n l y )  have been developed f o r  temperatures as hiigh as'700"F. These 
t o o l s  d e r i v e  f l u i d  v e l o c i t y  f rom t r a v e l  ti'me o r  Doppler f requency s h i f t  
equat ions.  Such systems appear t o  have good p o t e n t i a l  f o r  downhole 
geothermal l ogg ing .  

CaDabil i t v  t o  ODerate i n  Geothermal We1 1 

Most t o o l s  a r e  ab le  t o  opera te  a t  temperatures up t o  325OF. Higher 
temperature c a p a b i l i t i e s  seem f e a s i b l e .  Tools  arle ab le  t o  opera te  i n  
a l l  l i q u i d  f i l l e d  holes.  

Acc u r  acy 

those ob ta ined w i t h  t h e  compensated system. 

c o n t e n t  exceeds l i q u i d  c o n t e n t  i n  t h e  d r i l l i n g  f l u i d .  

The accuracy o f  t he  measurements i s  general  lly good, p a r t i c u l a r l y  

Performance i s  s e r i o u s l y  a f f e c t e d  by gas-cut  mud o r  when s o l i d  

Re1 i a b i l  i t y  

The t o o l  i s  r e l i a b l e  when p r o p e r l y  used. 

Ava i l  a b i l  i t v  

Widely a v a i l a b l e .  
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TOOL NAME - COMPENSATED SONIC LOGS 

Criteria 

PERFORMANCE 

Locate lost circulation zone 
Find depth 
Determine orientation 

Quantify zone size 
Height 
Width 
Flow rate into zone 

Operate in geothermal well 
Temp. rating 
Pressure rating 
Mud wtltype 

Accuracy 
Tool accuracy 
Locate zone 
Quantify zone 

Reliability 

Stage of development 
Temp. rating 
Pressure rating 
Mud wtltype 

Design approach 
Locate zone 
Quantify zone 

ExperienceITesting -1 

COST 

AVAILABILITY 

Score Weight 

2 80% /* G 
r( 20% .4 

s 

.5 

/* 7 

.7 

3 50% /. 5 
21 50% /- U 

5. d 

7 1009bl 

/o 100% 

1 Raw score range 

Category 
Weight 

X .50 = 

x .20 = 

x .10 = 

x .20 = 

Poor Medium Good 
0 - 3  4 - 7  8 - 10 

Final score 

Category 
Score 

2-2 

/ . D  

*I 

57 

91 
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Name o f  Tool :  

Type: 

Manufacturer :  

Convent ional  R e s i s t i v i t y  Logs 

E l e c t r i c a l  

Baker P roduc t i on  Serv ices,  B i  r d w e l l  , 
The' GO company, Welex, Dresser-At las,  
Schl umberger 

c o s t :  Approx imate ly  $5,700 p e r  run 

S t a t e  o f  Development: Operates a t  temperatures as h i g h  as 5OO0F,  
20,000 p s i .  The ma . io r i t y  o f  t o o l s  i n  s e r v i c e  
a r e  r a t e d  f o r  300 --4OO0'F. 

Genera 1 Desc r i u t i  on : 

Convent ional  R e s i s t i v i t y  Logs p r o v i d e  i n f o r m a t i o n  on t h e  apparent 
r e s i s t i v i t y  o f  t h e  format ions.  
o n l y  i n  open hole.  

They a r e  w i r e l i n e  t o o l s  t h a t  can be run  

The method i n v o l v e s  pass ing a cons tan t  i n t e n s i t y  c u r r e n t  t h rough  
c e r t a i n  e l e c t r o d e s  and measuring t h e  v o l t a g e  throulgh o t h e r  e lec t rodes .  
There a re  two b a s i c  arrangements: 

t h e  normal dev i ce  w i t h  two e f f e c t i v e  dowinhole e lec t rodes ,  and 

t h e  l a t e r a l  dev i ce  w i t h  t h r e e  measuring e lec t rodes .  

Whi le  t h e  main use of r e s i s t i v i t y  l o g s  has been t h e  d e t e r m i n a t i o n  
o f  hydrocarbon s a t u r a t i o n ,  i t  can sometimes be used t o  d e t e c t  l o s t  
c i r c u l a t i o n  zones. These dev ices a r e  a f f e c t e d  by l o s t  c i r c u l a t i o n  
zones, under t h e  following c o n d i t i o n s :  

cont inuous w a t e r - f  i 11 ed f r a c t u r e s  o r  h i  gh1:y permeable beds t e n d  
t o  s h o r t  c i r c u i t  t h e  c u r r e n t  l i n e s  r e s u l t i n g  i n  abnormal ly  l ow  
r e s i s t i v i t y  readings. 

t h e  c o n d u c t i v i t y  pathway o f  a f r a c t u r e d  zone o c c u r r i n g  i n  ve ry  
l ow  p o r o s i t y  rock i s  l a r g e l y  u n i - d i r e c t i o n a l .  
s i g n i f i c a n t l y  i n c r e a s e  t h e  apparent r e s i s t i v i t y  and i s  
p a r t i c u l a r l y  impor tan t  f o r  deep-reading t o o l s .  

T h i s  tends t o  

A b i l i t y  t o  Locate Lost  C i r c u l a t i o n  Zones 

p a r t i c u l a r l y  f rac tu re -caused  l o s t  zones, i f  s u f f i c i e n t  c o n t r a s t  e x i s t s  
between t h e  zone t a k i n g  mud and t h e  zones bounding it. 

Can be a good t o o l  f o r  l o c a t i n g  l a r g e  l o s t  c i r c u l a t i o n  zones, 



C a p a b i l i t y  t o  Q u a n t i f y  S ize  of Zone and Rate of  Loss 

The t o o l  can be used t o  determine t h e  h e i g h t  of t h e  l o s t  
c i r c u l a t i o n  zone if t h i s  zone i s  l a r g e  enough t o  f a l l  w i t h i n  t h e  t o o l ' s  
v e r t i c a l  r e s o l u t i o n .  The f low r a t e  and w i d t h  o f  t h e  zone a r e  no t  
p rov ided  by t h e  survey. 

C a p a b i l i t y  t o  Operate i n  Geothermal Well 

Operates up t o  300 - 4OO0F, 20,000 p s i  depending on manufacturer .  
500°F t o o l s  a re  a v a i l a b l e .  Can be run  i n  any conduct ive  d r i l l i n g  f l u i d .  

Acc u racy  

The accuracy of t h e  measurements i s  good p rov ided  t h a t  d e s c r i p t i v e  
boreho le  e f f e c t s  a re  p r o p e r l y  accounted f o r .  The accuracy o f  t h e  h e i g h t  
d e t e r m i n a t i o n  i s  v a r i a b l e  depending on t h e  i n f l u e n c e  o f  t h e  sur round ing  
format ions.  Genera l ly .  l o s t  c i r c u l a t i o n  zones o c c u r r i n g  i n  beds severa l  
f e e t  t h i c k  a r e  c l , e a r l y - i d e n t i f i e d .  Smal le r  beds 
t h i c k ,  may be missed o r  t h e i r  h e i g h t s  i n a c c u r a t e  

Re1 i a b i  1 i t y  

R e l i a b l e  as most o t h e r  w i r e l i n e  l o g g i n g  t o o  

Avai 1 a b i  1 i t v  

Read i l y  a v a i l a b l e .  

l e s s  than f i v e  f e e t  
y de f ined.  

S .  
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TOOL NAME - CONVENT 1 ONAL RES I ST I V I TY LOGS 
-. 

Subelement 
Raw Subelement Weighted Element 

Score Weight Score Weight 

-___ 

Criteria 

Element 
Weighted 

Score 

PERFORMANCE 

Locate lost circulation zone 
Find depth 
Determine orientation 

Quantify zone size 
Height 
Width 
Flow rate into zone 

Operate in geothermal well 
Temp. rating 
Pressure rating 
Mud wtttype 

Accuracy 
0 Tool accuracy 

Locate zone 
Quantify zone 

Reliability 

RISK 

Stage of development 
Temp. rating 
Pressure rating 

0 Mud wtltype 

Design approach 
Locate zone 
Quantify zone 

ExperienceITesting 

COST 
~ 

AVAILABILITY 

8 45% 3- 6 
45% 4J 

/ o  100% 

Category 
Weight 

X .50 = 

x .20 = 

x . lo = 

-- 

x .20 = 

Raw score range k37-=1 ~ Final score 

Category 
Score 

2.6 

/.P 
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Name o f  Tool: Downhol e Camera 

Type: 

Manufac turer  : 

cos t :  

O p t i c a l  

Deep Venture D i v i n g  Serv ice ,  Lava l ,  
Underground We1 1 Surveys, Water We1 1 
Developers, Henning B ro the rs  

Approx imate ly  $900 per  r u n  p l u s  o r i e n t i n g  
c o s t s  

S ta te  o f  Development: Operates up t o  ZOOOF, 4,000 p s i  

General D e s c r i p t i o n :  

The Downhol e Camera o b t a i n s  s te reoscop ic  photographs o f  t h e  bore- 
h o l e  w a l l .  The camera uses e i t h e r  16 o r  35 m i l l i m e t e r  f i l m  and i s  
capab le  o f  o b t a i n i n g  250 t o  600 p i c t u r e s  per run .  I n  ope ra t i on ,  t h e  
camera i s  lowered on two-conductor cab le  t o  t h e  d e s i r e d  depth. L i g h t  i s  
s u p p l i e d  by a doughnut shaped s t r o b e  which surroi inds t h e  l e n s  and i s  
su r face  t r i g g e r e d .  A f t e r  each exposure t h e  f i l m  i s  a u t o m a t i c a l l y  
advanced t o  the  n e x t  ready p o s i t i o n .  The s t r i p  o f  w a l l  photographed i s  
approx imate ly  18 inches  i n  small ho les  (under  6 inches  d iameter )  and 30 
i nches  i n  l a r g e r  holes.  Tool o r i e n t a t i o n  i s  p rov ided  by a compass o r  
o t h e r  s u i  tab1 e equ i  pment. 

The camera can opera te  i n  d r y  gas, f r e s h  water  and up t o  60% 
sa tu ra ted  b r i n e  - s o l u t i o n .  When p i c t u r e s  a r e  d e s i r e d  i n  w e l l s  d r i l l e d  
w i t h  opaque muds o r  d i l l i n g  f l u i d s  hav ing  c o l l o i d a l  suspensions, t h e  
system i s  m o d i f i e d  i n  o rde r  t o  i n j e c t  c l e a r  f l u i d  ( u s u a l l y  ca l c ium 
c h l o r i d e  s o l u t i o n )  i n t o  the  area o f  i n t e r e s t  thfereby d i s p l a c i n g  t h e  
mud. Tool c a n  b e  run i n  open  and c a s e d  h o l e s .  

A b i l i t y  t o  Locate  L o s t  C i r c u l a t i o n  Zones 

It can, 
however, p r o v i d e  v a l u a b l e  c l u e s  t o  where t h e  l o s s  may be o c c u r r i n g  by 
showing f r a c t u r e s ,  v o i d s  and o t h e r  rock  c h a r a c t e r i s t i c s .  When t h e  zone 
has been l o c a t e d  by some o t h e r  device,  i t  prov ides  an accura te  p i c t u r e  
o f  t h e  type o f  zone and i t s  o r i e n t a t i o n .  

The t o o l  has no d i r e c t  c a p a b i l i t y  t o  d e t e c t  zones o f  l o s s .  

C a D a b i l i t v  t o  Ouan t i f v  S ize  o f  Zone and Rate o f  Loss 

Tool a c c u r a t e l y  rep resen ts  t h e  he igh t ,  w i d t h  and o r i e n t a t i o n  o f  t h e  
Tool has no a p p l i c a t i o n  i n  de te rm in ing  t h e  r a t e  l o s t  c i r c u l a t i o n  zone. 

o f  l o s s .  
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Capabi l  i ty t o  Operate i n  Geothermal We1 1 

E s s e n t i a l l y  none due t o  t h e  temperature (ZOOOF) and pressure  
r e s t r i c t i o n s  o f  t h e  t o o l .  Fu tu re  t o o l  s w i t h  s u b s t a n t i a l  geothermal 
a p p l i c a t i o n s  a re  f e a s i b l e  though u n l i k e l y  t o  be developed i n  the  sho r t -  
term. 

Acc u r  acv 

The t o o l  has h i g h  r e s o l u t i o n  which may be decreased i n  h i g h l y  
r e f 1  e c t i v e  fo rmat ions .  

Re1 i a b i l  i ty 

I n  i n t e r v i e w i n g  people 
knowledgeable i n  t h e  o p e r a t i o n  o f  t h e  t o o l ,  i t  was found t o  be reason- 
a b l y  re1  i a b l e  i n  opera t ion .  

There i s  l i m i t e d  exper ience w i t h  t h i s  t o o l .  

A v a i l  a b i l  i ty 

Good. 
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Criteria 

PERFORMANCE 

Locate lost circulation zone 
Find depth 
Determine orientation 

Quantify zone size 
Height 
Width 

0 Flow rate in to  zone 

Operate in geothermal well 
Temp. rating 
Pressure rating 
Mud wt l type  

Accuracy 
Tool accuracy 
Locate zone 
(luantify zone 

Reliability 

IISK 

Stage of development 
Temp. rating 
Pressure rating - Mud wtlwpe 

Design approach 
Locate zone 

*Quantify zone 

Experiencelfesting 

~ 

COST 

9VAt LABILITY 

Score Weight 

Subelement 

/ 80% 
9 20% 

50% 

100% I- 0 34.0% 2.0 
4.8 

7 100%' 

6 100% 

Category 
Weight 

X 5 0  = 

x .20 = 

x .10 = 

x .20 = 

Raw score range 

Medium 
8 - 10 

Final score 

Category 
Score 

-=.?-a 

c 9 . f  

P. 7 

10 1 



References 

DOWNHOLE CAMERA 

1. Dempsey, J. C . ,  and Hickey, J .  R . ;  "Use of Borehole Camera for  
Visual Inspection of Hydraul ica l ly  - Induced Fractures," 
Producers Monthly, April, 1958. 

2. Fons, L. C.; "Downhole Camera Helps Solve Production Problems," 
World Oil, pp. 150-152, October 1960. 

3. Jensen, 0. F., J r . ,  and Ray, W . ;  "Photographic Evaluation of 
Waterwell s ,I1 Presented a t  53rd Annual Conference o f  the 
Southwest Section American Waterworks Association, pp. 15-19, 
October 20, 1964. 

102 



Name o f  Tool: 

Type: 

Manufacturer :  

cos t :  

S t a t e  o f  Development: 

Downhol e T e l e v i s i o n  

O p t i c a l  

Amoco, Oceanographic Eng ineer ing  Corp. 

Special  arrangements r e q u i r e d  

Operates up t o  ZOOOF, 9,0001 p s i  

General D e s c r i p t i o n :  

The Downhol e T e l e v i s i o n  Camera p e r p e n d i c u l a r l y  scans and f i l m s  t h e  
i n s i d e  of  t h e  w e l l b o r e  by l o o k i n g  th rough a 45" m i r r o r .  The m i r r o r  can 
be r o t a t e d  by s u r f a c e  command t o  p r o v i d e  a 360' scan o f  t h e  we l lbore .  
Other f e a t u r e s  i n c l u d e  v a r i a b l e  1 i g h t  source and a magnet ic  compass f o r  
o r i e n t a t i o n  de terminat ion .  The t o o l  has had extens- ive use i n  f r a c t u r e  
e v a l u a t i o n  i n  Amoco's West Texas f i e l d s .  

To l o c a t e  l o s t  c i r c u l a t i o n  zones t h e  t e l e v i s i o n  camera i s  lowered 
i n t o  t h e  bo reho le  by w i r e  l i n e .  Colored .markers; o r  o t h e r  v i s i b l e  
p a r t i c u l a t e s  (e.g., c o t t o n  seed h u l l s )  a r e  added t o  t h e  d r i l l i n g  
f l u i d .  The camera then t r a c k s  t h e  f l o w  o f  these markers i n t o  t h e  l o s t  
c i r c u l a t i o n  zone. 

A b i l i t v  t o  Locate  L o s t  C i r c u l a t i o n  Zones 

The t o o l  can a c c u r a t e l y  l o c a t e  t h e  depth and o r i e n t a t i o n  o f  t h e  
l o s t  c i r c u l a t i o n  zone when used i n  c l e a r  f l u i d s .  I n  opaque f l u i d s ,  t h e  
d r i l l i n g  system i s  m o d i f i e d  t o  r e p l a c e  t h e  opaque mud w i t h  c l e a r  
f l u i d .  Resu l ts  us ing  t h i s  techn ique depend on how w e l l  t h e  opaque f l u i d  
i s d i  sp l  aced. 

C a p a b i l i t y  t o  Q u a n t i f y  Size o f  Zone and Rate' o f  Loss 

Survey determines t h e  h e i g h t  and w i d t h  o f  t h e  zone. It prov ides  
q u a l i t a t i v e  assessment o f  t h e  r a t e  o f  l o s s  i n t o  t h e  zone. 

Capabil  i ty t o  Operate i n  Geothermal We1 1 

The t o o l  operates up t o  ZOOOF, and i s  u s e f u l  i n  e v a l u a t i n g  l o s t  
c i r c u l a t i o n  zones o c c u r r i n g  a t  sha l l ow  depths. Deeper zones a re  beyond 
t h e  temperature and pressure  r a t i n g s  o f  t h e  t o o l .  Bes t  r e s u l t s  a r e  
ob ta ined  i n  c l e a r  f l u i d s .  Higher  temperature capabi ' l  i t i e s  a re  f e a s i b l e  
though unplanned f o r  t he  near f u t u r e .  
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Accuracy 

may mask some de ta i l .  
The resolution of the tool i s  good i n  c lear  f luids .  Cloudy f lu ids  

Re1 iabi l  i ty  

The tool was found t o  be re l iab le  i n  operation i n  limited service. 

Avail abil i t v  

Limited ava i lab i l i ty .  Special arrangements are  required. 
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* 

TOOL NAME - DOWNHOLE TELEVISION 

Subelement Element 
Raw Subelement Weighted Element Weighted Category Category 

Criteria Score Weight Score Weight Score Weight Score 

PERFORMANCE 

Locate lost circulation zone 
Find depth B 80% k J  

LP - Determine orientation 9 20% 

0 Height 9 33% 3.8 
3.0 33% 
.3 34% - 0 Width 9 

0 Temp. rating / 33% , 3  
Pressure rating 5 33% /. 7 
Mud wt/type 3 34% E 

0 Tool accuracy 7 50% 3 &/ 

0 Locate zone f 25% 2.3 
Quantify zone 3 25% .8 

Reliability 5 100% 5 0  10.0% 

B . 2  22.5% /. B -- - _ _ - _ - - - _ _ - - - - _ _ _ _ - - - - _ -  - - -  - -  - - -  
Quantify zone size 

Flow rate in to  zone / 
22.5%-_ /. f/ - _ _ _ _ _ _  _ _  - _ -__ - - -_ -_  412 - _ -  - -  - - 

Operate in geothermal well 

3-0  22.5% 5.7 - -_ - - - - - -_ - -___ - -_ -__ - - - - - - -  - - - - -  
Accuracy 

6.6 22.5% L-5 
J 

- _  __ - - -  - -_ __- - - - -_  - - - - - -- - -  -- ---- 

5 9  X . 5 0 =  3.0 

RISK 

Stage of  development 
Temp. rating 3 45% 1-4 
Pressure rating 5 45% 2.3 - Mud wtltype / 10% 

33.0% / 3  - - -_ - -_______- - -__  32-.-.- - _  _ _  _ _  - 
Design approach 

Locate zone k 50% 3.0 
Quantify zone 6 50?k e 

6.8 33.0% 2.0 -- - - _ _  --- - - - - -  - - - - - - - - - -  _ - - - -  ---- 
Experience/Testing #g 100% 4 8  34.0% /./ 

COST / 

A V A l  LABILITY 2 100% x .20 = .4 

g7 x . 2 0 =  09 

./ 100% x .10 = 

r 

Raw score range 

Poor Medium Good Final score #/ 
0 - 3  4 - 7  8 - 10 
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Name o f  Tool: 

Type: 

Manufac turer :  

c o s t :  

S ta te  o f  DeveloDment: 

General Descr i  P t i o n :  

Dual I n d u c t i o n  - Latero lo lg  

E l e c t r i c a l  

The GO Company , Hal 1 i b u r t o n  , Schl umberger, 
Dresser-At1 as 

Approx imate ly  $5 , 500 p e r  r u n  

Capable o f  o p e r a t i n g  a t  temperatures t o  350°F. 
500°F t o o l  s a r e  a v a i l  ab1 e. 

The Dual I nduc t i on -La te ro log  i s  a f r e s h  mudl r e s i s t i v i t y  dev i ce  
capable o f  s imu l taneous ly  measuring r e s i s t i v i t y  o f  t h e  fo rma t ion  a t  
shal low,  medium and deep r a d i a l  i n v e s t i g a t i o n  depths. The t o o l  i s  
composed o f  a sha l low read ing  l a t e r o l o g  and medium and deep read ing  
i n d u c t i o n  l ogs .  

The b a s i c  i d e a  behind t h e  Dual I n d u c t i o n - L a t e r o l o g  i s  t h a t  each 
component responds d i f f e r e n t l y  t o  a g i v e n  depth o f  mud invas ion .  T h i s  
f a c t  enables t h e  survey t o  p r o v i d e  q u a n t i t a t i v e  i n f o r m a t i o n  on t h e  t r u e  
fo rma t ion  r e s i s t i v i t y ,  R A1 t e r n a t e l y ,  t h e  t o o l  y i e l d s  q u a l i t a t i v e  
i n f o r m a t i o n  on the  exten% o f  i n v a s i o n  and can b e  used f o r  f r a c t u r e  
d e t e c t i o n .  

A f r a c t u r e  o r  permeable bed f i l l e d  w i t h  whole mud w i l l  be seen as a 
1 ower r e s i  s t i v i  ty read ing  on t h e  s h a l l  ow 1 a t e r o l  og cu rve  when compared 
w i t h  t h e  medium and/or deep r e s i s t i v i t y  curves.  T h i s  d i f f e r e n c e  i s  
somewhat dependent upon t h e  des ign  o f  t h e  t o o l  and h o l e  geometry. 

A b i l  i t y  t o  Locate  L o s t  C i r c u l a t i o n  Zones 

It i s  one o f  t h e  b e t t e r  e l e c t r i c a l  r e s i s t i v i t y  dev ices  f o r  l o c a t i n g  
l o s t  c i r c u l a t i o n  zones i n  medium and t h i c k  beds i f  t h e  r e s i s t i v i t y  
c o n t r a s t  between mud and f o r m a t i o n  f l u i d  i s  h igh .  Success i n  l o c a t i n g  
f r a c t u r e  zones caus ing  l o s t  c i r c u l a t i o n  i s  dependent on f a c t o r s  such as 
f r a c t u r e  geometry, mud r e s i s t i v i t y ,  and i n t e r p r e t i v e  s k i l l s  o f  t h e  l o g  
ana lys t .  L i t h o l o g i c  l o g s  such \\as t h e  SP o r  gamma r a y  l o g  a r e  r e q u i r e d  
f o r  c o r r e l a t i o n .  

C a D a b i l i t v  t o  O u a n t i f v  S ize  o f  Zone and Rate o f  Loss 

Prov ides  approximate h e i g h t  o f  a l o s t  c i r c u l a t - i o n  zone, b u t  cannot  
r e s o l v e  the  w i d t h  o r  r a t e  o f  l o s s  of t h e  zone. 
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Capabi l  i ty t o  Operate i n  Geothermal We1 1 

500°F t o o l s  a r e  a v a i l a b l e  f o r  se rv i ce .  

Acc u r acy 

Measurements a r e  f a i r l y  accu ra te  due t o  the  focus ing  o f  t h e  
i n d u c t i o n  logs .  V e r t i c a l  r e s o l u t i o n  i s  good, ab le  t o  r e s o l v e  beds as 
t h i n  as 3-5 f e e t  t h i c k .  

R e l i a b i l i t y  

Re1 i a b l  e as o t h e r  w i  r e1  i n e  t o o l  s. 

A v a i l  a b i l  i ty 

E a s i l y  obta ined.  
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1 

F i g u r e  12. Dual Induct - ion L a t e r o l o g  o f  Fracturc?s. Ex tens i ve  
F r a c t u r i n g  is -Pyesent  a t  a Depth o f  7,450 t o  7,500 fee t  
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Subelement 
Raw Subelement Weighted Element 

Criteria Score Weight Score Weight 

Locate lost circulation zone 
Find depth 
Determine orientation 

Element 
Weighted 

Score 

Quantify zone size 
Height 
Width 
Flow rate into zone 

COST 

Operate in geothermal well 
Temp. rating 

0 Pressure rating 
Mud wtltype 

7 100%~ 

Accuracy 
Tool accuracy 
Locate zone 
Quantify zone 

Reliability 

~~ ~ 

RISK 

Stage of development 
Temp. rating 
Pressure rating 
Mud wtltype 

Design approach 
Locate zone 

*Quantify zone 

Experiendfesting 

100% I ' O  
AV AI LA BI L I TY 

Category 
Weight 

X .50 = 

x .20 = 

x .10 = 

x .20 = bor=i Raw score range 

Final score 

Category 
Score 

e?* 7 

/v 
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Name o f  Tool: F1 u i d  V e l o c i t y  I n d i c a t o r  

Type: E l e c t r i c a l  

Manufac turer :  Gul f Research and Devel opinent 

cos t :  Not a v a i l  ab1 e 

S t a t e  o f  Development: When i n  use, t h e  t o o l  was a low- temperature 
device.  

General D e s c r i p t i o n :  

The t o o l  c o n s i s t s  o f  a s h o r t  c y l i n d e r  which i s  open a t  t he  t o p  and 
swaged a t  t h e  bot tom t o  p a r t i a l l y  r e s t r i c t  t h e  f l o w  o f  mud th rough t h e  
c y l i n d e r .  Located on the  s i d e  o f  t h e  tube between two f i x e d  e l e c t r o d e s  
i s  a movable e l e c t r o d e  mounted on a neoprene diaphragm. An a1 t e r n a t i n g  
c u r r e n t  i s  impressed on the  f i x e d  e l e c t r o d e s  and a1 p o t e n t i a l  e x i s t s  a t  
t h e  movable e lec t rode .  Th is  p o t e n t i a l  i s  dependent on t h e  p o s i t i o n  o f  
t h e  movable e l e c t r o d e  w i t h  r e s p e c t  t o  the  two f i x e d  e lec t rodes .  

When f l u i d  f l o w s  th rough t h e  t o o l ,  a d i f f e r e n t i a l  p ressure  f o r c e  i s  
e x e r t e d  on the  diaphragm. Thi  s f o r c e  d i  sp l  aces thle movable e lec t rode ,  
r e s u l t i n g  i n  a measurable change i n  p o t e n t i a l .  Th i s  change p rov ides  a 
means f o r  t he  d e t e c t i o n  o f  s t a t i c  f l u i d  areas, c h a r a c t e r i z e d  by 'normal '  
c a l i b r a t i o n  p o t e n t i a l ,  and f l o w  s i t u a t i o n s  where f l u i d  l o s s  i s  
o c c u r r i n g .  

The recommended f i e l d  procedure i s  t o  determine t h e  change i n  t h e  
r a t e  o f  f l o w  a t  f i x e d  s t a t i o n s  w i t h  t h e  mud pumps on and then w i t h  t h e  
pumps o f f .  The ins t rumen t  i s  r u n  on w i r e l i n e  from a s tandard  l o g g i n g  
t r u c k .  There are  two approaches t o  l o s t  c i r c u l a t i o n  d e t e c t i o n .  One 
method i s  known as t h e  " b r a c k e t i n g  method." I n  t h i s  approach, t h e  
dev ice  i s  lowered ha l fway  t o  t h e  bottom. I f  f l o w  i s  i n d i c a t e d  here, t h e  
l o s s  zone i s  i n  t h e  l ower  h a l f  o f  t h e  w e l l .  I f  nlo f l o w  i s  i n d i c a t e d ,  
t h e  zone i s  i n  t h e  upper h a l f  o f  t h e  w e l l ,  The t o o l  i s  t hen  moved t o  
t h e  m idd le  h a l f  o f  t h e  w e l l  and f l o w  measurements a r e  recorded. T h i s  
procedure i s  repeated  u n t i l  t h e  zone i s  l oca ted .  The o t h e r  method i s  t o  
r a i s e  the  t o o l  from TD th rough an i n t e r v a l  o f  10 f t  o r  more a t  a r a t e  o f  
680 f t / h r  and r e c o r d  f l o w  v a r i a t i o n s .  

A b i l i t v  t o  Locate  L o s t  C i r c u l a t i o n  Zones 

The FVI i s  a good t o o l  f o r  a c c u r a t e l y  l o c a t i n g  the  depth and 
ex ten t ,  upper and lower  boundar ies,  o f  t h e  lo!;t c i r c u l a t i o n  zone 
p rov ided  the  f o l l o w i n g  c o n d i t i o n s  a r e  s a t i s f i e d :  

. mud i s  conduc t i ve  enough t o  p r o v i d e  s u f f i c i e n t  e l e c t r i c a l  
c o n t i n u i t y  needed f o r  system opera t i on ,  and 



. t h e  r a t e  o f  l o s s  i s  such t h a t  t h e  d i f f e r e n t i a l  v e l o c i t y  between 
t h e  d r i l l  f l u i d  go ing  down t h e  b o r e h o l e  and t h e  f l u i d  f l o w i n g  
i n t o  t h e  l o s t  c i r c u l a t i o n  zone i s  a t  l e a s t  5 f t / m i n .  

The t o o l  i s  u n s a t i s f a c t o r y  f o r  p r o v i d i n g  i n f o r m a t i o n  on t h e  
o r i e n t a t i o n  o f  t h e  zone t h a t  i s  l o s i n g  c i r c u l a t i o n .  

C a p a b i l i t y  t o  Q u a n t i f y  S ize  o f  Zone and Rate o f  Loss 

The t o o l  a c c u r a t e l y  determines t h e  depth i n  t h e  h o l e  and h e i g h t  o f  
t h e  l o s t  c i r c u l a t i o n  zone. Width o f  t h e  zone i s  l e f t  un reso lved  by t h e  
t o o l .  The t o o l  p r o v i d e s  q u a l i t a t i v e  assessment o f  t h e  r a t e  o f  l o s s .  

Capabi l  i ty t o  Operate i n  Geothermal We1 1 

The t o o l  was designed i n  t h e  1950s by G u l f  Research and Development 
and was a l o w  temperature dev ice.  It i s  a b l e  t o  ope ra te  i n  any l i q u i d  
t h a t  i s  c o n d u c t i v e  enough t o  p r o v i d e  r e q u i r e d  e l e c t r i c a l  c o n d u c t i v i t y .  
It i s  b e l i e v e d  t h a t  w i t h  s u f f i c i e n t  i n t e r e s t  and c u r r e n t  technology t h e  
t o o l  can be updated f o r  use i n  geothermal w e l l s .  

Accuracy 

The t o o l  can a c c u r a t e l y  determine t h e  e x t e n t  o f  a c i r c u l a t i o n  zone 
t o  w i t h i n  a f o o t .  The t o o l  i s  s e n s i t i v e  t o  changes i n  f l o w  as l o w  as 5 
f d m i n .  M u l t i p l e  zones of l o s t  c i r c u l a t i o n  may r e  u i r e  r e c a l i b r a t i o n  o f  
t h e  t o o l .  
spaced o r  t h e  f low r a t e s  i n t o  t h e  zones a r e  s i g n i f i c a n t l y  d i f f e r e n t  f rom 
t h e  main f low stream. T h i s  r e c a l i b r a t i o n  can be per formed t o  w i t h i n  t h e  
accuracy of t h e  o n - s i t e  1 i n e a r  v e l o c i t y  i n d i c a t o r .  

C a l i b r a t i o n  can be n e c e s s i t a t e d  i f  t R e zones a r e  c l o s e l y  

Re1 i a b i l  i t v  

The t o o l  i s  n o t  e a s i l y  c logged by f i b r o u s ,  f l a k y  m a t e r i a l s  n o r m a l l y  
added when t h e  o n s e t  o f  l o s t  c i r c u l a t i o n  i s  d e t e c t e d  by s u r f a c e  
equipment, a p o s s i b l e  advantage ove r  s p i n n e r  surveys. It has good 
ove r  a1 1 r e l  i ab i 1 i ty . 
A v a i l  a b i l  i t v  

N o t  a v a i l a b l e .  
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Figure 13. Schematic o f  Fluid Velocity Indicator 
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F1 u i d  Velocity Indicator 

Figure 14. Diaphragm Electrode Assembly 
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TOOL NAME - FLU I D VELOC ITY I ND I CATOR 

Score Weight 
Raw Subelement Weighted Element 

-- 
Subelement 

Criteria Score Weight 

PERFORMANCE 

Locate lost circulation zone 
Find depth 
Determine orientation 

Quantify zone size 
Height 
Width 
Flow rate into zone 

Operate in geothermal well 
Temp. rating 
Pressure rating 
Mud wtltype 

Accuracy 
0 Tool accuracy 

Locate zone 
Quantify zone 

J 33% 
f 33% 

34% 7 

50% 
25% 

9 
8 

100% 10.096 17 
6.z. 

Reliability 

RISK 

Stage of development 
Temp. rating 
Pressure rating 
Mud wtltype 

Design approach 
Locate zone 
Quantify zone 

Exper ience/Testing 
5./ 

X .50 = 

1 x .20 = 

1 om5 x .10 = r//A COST 

. 
x .20 = 

I 
AVAILABILITY 100% 

Raw score range 

Poor Medium Good Final score 
0 - 3  4 - 7  8 - 10 
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Name o f  Tool :  Focused E l  ec t rode  Logs 

Type: E l e c t r i c a l  

Manufac turer :  B i  rdwel 1 , Dresser-At1 as, Schl umberger , We1 ex 

L 

". 

cos t :  Approx imate ly  $5,300 p e r  r u n  

S t a t e  o f  Devel opmen t: Models a v a i l a b l e  t h a t  opera te  up t o  350°F 

General D e s c r i p t i o n :  

The Focused E l e c t r o d e  Log uses focus ing  c u r r e n t s  t o  c o n t r o l  t h e  
pa th  taken by t h e  measuring c u r r e n t .  Th i s  fea tu re  o f f e r s  s u p e r i o r  
response t o  ac tua l  i n  s i t u  c o n d i t i o n s  by m i n i m i z i n g  t h e  e f f e c t s  o f  t h e  
boreho le  and a d j a c e n t a t i o n s  on readings.  The e l e c t r o d e  p a i r s  a re  
ar ranged i n  such a manner t h a t  t h e  measure c u r r e n t  pene t ra tes  t h e  f o r -  
mat ion  h o r i z o n t a l l y  o r  v e r t i c a l l y .  The t o o l  q u a n t a t i v e l y  measures t h e  
t r u e  r e s i s t i v i t y ,  Rt, and the  r e s i s t i v i t y  o f  t h e  f l u s h e d  zone, Rxce 

L i k e  o t h e r  r e s i s t i v i t y  dev ices,  t h e  t o o l  can be used i n  c e r t a i n  
i ns tances  t o  l o c a t e  l o s t  c i r c u l a t i o n  zones; s p e c i f i c a l l y ,  those zones 
which have r e s i s t i v i t y  c h a r a c t e r i s t i c s  t h a t  a l l  ow them t o  be separated 
f rom zones hav ing  i n t e g r i t y .  

Advantages o f  t h e  focused e l e c t r o d e  l o g s  are :  

. t h e  e f f e c t s  o f  t h e  bo reho le  and ad jacen t  f o rma t ions  a r e  
min imized 

s u p e r i o r  t o  convent iona l  r e s i s t i v i t y  t o o l s  i n  s a l t  muds and/or  
h i g h l y  r e s i s t i v e  fo rmat ions ,  and 

g r e a t e r  r e s o l u t i o n  o f  these beds. 

A b i l i t y  t o  Locate  L o s t  C i r c u l a t i o n  Zones 

Under t h e  proper  
c i r c u l a t i o n  de tec to r .  
appl i c a t i o n s .  

Capabil  i ty t o  Q u a n t i f y  S. 

Can l o c a t e  the  he 
generated by t h e  survey. 

, 
c o n d i t i o n s ,  the. t o o l  can be a good l o s t  
It i s  noted, however, t h a t  i t  has l i m i t e d  

ze o f  Zone and Rate o f  Loss 

i g h t  o f  t h e  zone. No o t h e r  i n f o r m a t i o n  i s  
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Capabil i ty t o  Operate in Geothermal We1 1 

Operates up t o  350°F, 20,000 psi which implies limited useage in 
geothermal wells. Can be r u n  in b o t h  fresh and sal ty  muds. Higher 
temperature capabil i t i e s  are  feasible.  

Acc ur acy 

height determi nation. 
Not a quantitative tool for  w i d t h  a n d  flow ra te ,  b u t  accurate for  

Re1 iabi l  i t.v 

Good. 

Avail abil i ty 

Readily avail ab1 e from several sources. 

Figure 15. Schematics of Focusing-Electrode Devices 
Focused Electrode Logs Chart  
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TOOL NAME - F O C U S E D  E L E C T R O D E  L O G S  

Raw 
Score Criteria 

Subelement Element 
Subelement Weighted Element Weighted 

Weight Score Weight Score 

PERF 0 RMANCE 

Locate lost circulation zone 
F ind depth 
Determine orientation 

Quantify zone size 
Height 
Width 
Flow rate into zone 

Operate in geothermal well 
Temp. rating 
Pressure rating 
Mud wt l type  

Accuracy 
Tool accuracy 

0 Locate zone 
Quantify zone 

Re1 iabil ity 

RISK 

Stage of development 
Temp. rating 
Pressure rating 
Mud wtltype 

Design approach 
Locate zone 
Quantify zone 

Experience/Testing 

COST 
~ 

AVAILABILITY 

50% 

/o ! 100% 

Category 
Weight 

X .50 = 

x .20 = 

x .IO = 

-- 

x .20 = bor-=l Raw score range 

Final score 

Category 
Score 

2.7 

/. 0 
.B 

a. * 

G-s 
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Name o f  Tool :  Format ion  D e n s i t y  Log 

* 

Type: Rad ioac t i ve  

Manufac turer  : 

c o s t :  

Dresser-At1 as , The GO Company , Sc h l  umberger , 
H a l l  i b u r t o n ,  B i r d w e l l  

Approx imate ly  $6,000 p e r  run .  H o s t i l e  
env i ronmen t e x t r a  . 

S t a t e  o f  Development: The m a j o r i t y  o f  t o o l s  opera te  a t  temperatures 
up t o  350"F, 20,000 p s i .  

D resse r -A t las  v e r s i o n  can be r u n  i n  500°F 
environments. 

Schlumberger has 500°F, 25,000 p s i  t o o l s  
a v a i l  ab1 e i n  1 i m i  t e d  supply .  

General D e s c r i p t i o n :  

The Format ion Dens i t y  Log i s  a s idewa l l  dev i ce  c a r r y i n g  a n a t u r a l  
gamma r a y  source which uses t h e  a t t e n u a t i o n  o f  r e f l e c t e d  gammas t o  
determine t h e  d e n s i t y  o f  t h e  ad jacen t  fo rmat ion .  Medium energy gamma 
r a y s  c o l l i d e  w i t h  e l e c t r o n s ,  l o s e  some energy, and then  c o n t i n u e  on 
t h e i r  pa ths  w i t h  d im in i shed  energy. The s c a t t e r i n g  o f  t h e  gamma rays ,  
known as Compton s c a t t e r i n g ,  i s  measured by l o n g  and s h o r t  spac ing 
d e t e c t o r s .  The number o f  s c a t t e r e d  r a y s  counted by t h e  d e t e c t o r s  i s  a 
d i r e c t  measure o f  t h e  b u l k  f o r m a t i o n  d e n s i t y .  Th i s  i n f o r m a t i o n  i s  used 
i n  1 i tho1 ogy e v a l u a t i o n  and p o r o s i t y  de te rm ina t ions .  The p o r o s i t y  
d e t e r m i n a t i o n  r e q u i r e s  t h a t  t h e  g r a i n  d e n s i t y  and f l u i d  d e n s i t y  (po re  
f l u i d s )  a r e  known o r  have been assumed. 

The t o o l  has n o t  been used i n  l o s t  c i r c u l a t i o n  a p p l i c a t i o n s .  From 
i n t e r v i e w s  w i t h  l o g  a n a l y s t s  on t h e  f e a s i b i l i t y  o f  u s i n g  t h e  fo rma t ion  
d e n s i t y  l o g g i n g  t o o l  f o r  mapping l o s t  c i r c u l a t i o n  zones i t  appears t h e  
t o o l  has 1 i m i  t e d  appl i c a b i l  i ty f o r  such use because: 

. f o r m a t i o n  b u l k  d e n s i t y  i s  an average measure o f  t h e  g r a i n  
d e n s i t y  o f  t h e  rock  and t h e  d e n s i t y  o f  t h e  pore  f l u i d s .  Thus 
t h e  measurement i s  s u b j e c t  t o  changes i n  d e n s i t y  d i f f e r e n c e s  
between t h e  d r i l l i n g  mud and t h e  pore  f l u i d s .  Such a change 
may be i n d i s c e r n i b l e ,  Furthermore, t h e  pore  f l u i d  d e n s i t y  i s  
n o t  determined by t h e  t o o l .  
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General D e s c r i p t i o n  (cont inued)  

. The t o o l  i s  a sha l low i n v e s t i g a t i n g  dev ice,  about  6 inches,  
and cannot  d i s t i n g u i s h  between zones o f  1 o s t  c i r c u l  a t i o n  
( i .e. , fo rmat ions  accept ing  whol e mud) and normal l y  invaded 
zones (mud f i l t r a t e )  due t o  t h e  s i m i l a r  d e n s i t i e s  of  mud 
f i l  t r a t e  and whol e mud. 

. Averages d e n s i t y  va lues  over  a f a i r l y  l a r g e  volume. 

Woul d r e q u i r e  base fo rma t ion  d e n s i t y  1 og f o r  c o r r e l a t i o n .  

A b i l i t y  t o  Locate  L o s t  C i r c u l a t i o n  Zones 

It cannot  be used t o  d i r e c t l y  l o c a t e  l o s t  c i r c u l a t i o n  zones because 
i t  p rov ides  no c h a r a c t e r i s t i c  response a t  t h e  p o i n t  o f  l o s s .  Can be 
h e l p f u l  as an a i d  by i d e n t i f y i n g  vugu la r  o r  h i g h  p o r o s i t y  zones t h a t  may 
be assoc ia ted  w i t h  l o s t  c i r c u l a t i o n .  

C a p a b i l i t y  t o  Q u a n t i f y  S ize  o f  Zone and Rate o f  Loss 

t o o l .  The w i d t h  o f  t h e  zone and t h e  r a t e  o f  l o s s  remain unknown. 
The h e i g h t  o f  t h e  vugu la r  o r  porous zone can be asce r ta ined  by t h e  

I Capabi l  i t y  t o  Operate i n  Geothermal We1 1 

Operates a t  temperatures up t o  500°F and can be r u n  i n  any bo reho le  
f l u i d .  Higher  temperature t o o l s  a re  f e a s i b l e .  The main temperature-  
s e n s i t i v e  element i s  t h e  d e t e c t o r  system e l e c t r o n i c s .  

Acc u r acy 

g i v e s  good depth r e s o l u t i o n .  
The accuracy o f  t h e  measurements i s  g e n e r a l l y  good, and t h e  t o o l  

The t o o l ' s  accuracy t o  f i n d  and q u a n t i f y  l o s t  c i r c u l a t i o n  zones i s  
I poor. 

I Re1 i a b i l  i ty 

I F a i r l y  re1  i a b l  e. 

Ava i l  a b i l  i t y  

Tool i s  r e a d i l y  access ib le .  
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F i g u r e  16. Format ion Dens i t y  Log Tool  
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0 7 5 0 0  

07600 

Figure 17 .  Example of the Formation Density Logs response to 
fractures.  In th i s  real example the tool detected a 
fractured zone i n  A u s t i n  chalk t h a t  s t a r t s  a t  7,568 f t  
and continues until  7,600 f t .  
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Criteria 

Poor Medium Good 
0 - 3  4 - 7  8 - 10 

PERFORMANCE 

Final score 

Locate lost circulation zone 
Find depth 
Determine orientation 

Quantify zone size 
Height 
Width 
Flow rate in to  zone 

Operate in geothermal well 
Temp. rating 
Pressure rating 
Mud wt l type  

Accuracy 
Tool accuracy 
Locate zone 
Quantify zone 

Re1 iabil ity 

RISK 

Stage of development 
Temp. rating 
Pressure rating 

*Mud wt/type 

Design approach 
Locate zone 
Quantify zone 

ExperienceITesting 

COST 
~ 

AVAILABIL ITY 

Subelement 

Weight 

9 33% 3-0 
33% 3.0 
34% 3L 

9 

25% .B 
25% .5 

3 50% /-S 
3 50% 

/U 100% 

Raw score range 1 

Category 
Weight 

X .50 = 

x .20 = 

x .IO = 

x .20 = 

Category 
Score 

& 

A 0  

k./ 
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Name o f  Tool :  F r a c t u r e  I d e n t i f i c a t i o n  Log 

Type: E l e c t r i c a l  

Manufac turer :  Schl umberger 

cos t :  Approx imate ly  $6,500 pe r  r u n  

S t a t e  o f  Development: Operates up t o  350°F, 20,000 p s i  

General D e s c r i p t i o n :  

The F r a c t u r e  I d e n t i f i c a t i o n  l o g g i n g  sequence r e q u i r e s  two t r i p s  i n  
the  h o l e  t o  o b t a i n  data.  The f i r s t  t r i p  c o n s i s t s  o f  runn ing  a Dual 
I n d u c t i o n - L a t e r o l o g  t o  c o r r e l a t e  s e c t i o n s  and t o  g i v e  i n i t i a l  i n d i c a t i o n  
o f  f r a c t u r e s .  A four-arm 90" phased m i c r o - r e s i s t i v i t y  l o g  i s  t hen  r u n  
upon comp le t i on  o f  t h e  Dual I n d u c t i o n  - Lateirolog. T h i s  dev i ce  
s imu l taneous ly  examines t h e  four  s ides  o f  t h e  boreho le  w a l l  t o  b e t t e r  
i d e n t i f y  v e r t i c a l  and h o r i z o n t a l  f r c t u r e s .  

A b i l i t y  t o  Locate L o s t  C i r c u l a t i o n  Zones 

T h i s  combina t ion  i s  one o f  t h e  b e s t  r e s i s t i v i t y  dev ices f o r  
1 o c a t i n g  those l o s t  c i r c u l a t i o n  zones c h a r a c t e r i z e d  by conduc t i ve  
anomalies. A good t o o l  f o r  l o c a t i n g  f r a c t u r e s  t h a t  may be assoc ia ted  
w i t h  l o s t  c i r c u l a t i o n ,  i t  prov ides  i n f o r m a t i o n  on o r i e n t a t i o n  o f  t h e  
encountered f r a c t u r e s .  

C a p a b i l i t y  t o  Q u a n t i f y  S ize  o f  Zone and Rate o f  Loss - 

When a p p l i c a b l e ,  t h e  t o o l  can p r o v i d e  a good es t ima te  on the  h e i g h t  
o f  t h e  zone. 

Capabil  i t v  t o  ODerate i n  Geothermal We1 1 

Capable o f  o p e r a t i n g  i n  environments where the  temperature does n o t  
exceed 35OOF. Dual I n d u c t i o n  L a t e r o l o g  opera tes  up t o  5OO0F, 25,000 
p s i .  Reader i s  r e f e r r e d  t o  Dual I n d u c t i o n  L a t e r o l o g  and M i c r o r e s i s t i v -  
i t y  Logs i n  t h i s  appendix. 

F o r  i n f o r m a t i o n  on t h e  a b i l i t y  o f  i n d i v i d u a l  components t o  opera te  
i n  va r ious  we l l  f l u i d s ,  see s e c t i o n s  t h a t  desc r ibe  t h e  Dual I n d u c t i o n  - 
L a t e r o l  og and the  M i c r o r e s i s t i v i t y  Logs. 



Accuracy 

The accuracy o f  t h e  r e s i s t i v i t y  measurements i s  good. The h e i g h t  
de te rm ina t ion  i s  t h e  b e s t  o f  t h e  e l e c t r i c a l  r e s i s t i v i t y  dev ices.  

Re1 i a b i l  i ty 

Good. 

A v a i l  a b i l  i t y  

Read i l y  a v a i l  ab le  from Schl umberger. 
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TOOL NAME - FRACTURE INDENT I F I CAT I ON LOG t Raw 
;core Criteria 

PERFORMANCE 

Locate lost circulation zone 
Find depth 
Determine orientation 

Quantify zone size 
Height 
Width 
Flow rate into zone 

Operate in geothermal well 
0 Temp. rating 

Pressure rating 
Mud wtltype 

Subelement * Element 
Subelement Weighted Element Weighted 

Weight Score Weight Score 

Accuracy 
0 Tool accuracy 

Locate zone 
Quantify zone 

Raw score range 

Poor Medium Good Final score 
0 - 3  4 - 7  8 - 1 0  

1 

Reliability 

RISK 

Stage of development 
Temp. rating 
Pressure rating 
Mud wtltype 

Design approach 
Locate zone 
Quantify zone 

ExperienceITesting 

I COST 

I AVAILABILITY 

7 1 o a t  

0 

10 100% 

Category 
Weight 

X 5 0  = 

x .20 = 

x .10 = 

x .20 = 

Category 
Score 
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Name o f  Tool :  

Type: 
6rrs 

Manufac turer  : 

cos t :  

S t a t e  o f  Development: 

General D e s c r i p t i o n :  

Developed i n  1955, 
used f o r  t h e  d e t e c t i o n  
e x i t  zones. 

Hot  F i l m  Anemometer 

E l e c t r i c a l  

CGS Da t a m e t r i c s  Corpo ra t i on  

Unknown 

Sensor assemblies have been designed t o  
opera te  i n  excess o f  500°F. 

t h e  Hot  F i l m  Anemometer i s .  a f l o w  r a t e  dev i ce  
and q u a n t i f i c a t i o n  o f  gas o r  l i q u i d  e n t r y  and 

The t o o l  i s  composed o f  a heated assembly and an ambient tempera- 
t u r e  assembly 1 ocated  between a d j u s t a b l e  packers. These sensor 
assembl ies a r e  ma in ta ined  a t  a f i x e d  r e s i s t a n c e  ra l t i o .  krhen t h e  t o o l  
encounters  l o s t  c i r c u l a t i o n  zones, t h e  escaping f l u i d  i s  caused t o  f l o w  
p a s t  t h e  sensors. T h i s  f l u i d  c a r r i e s  h e a t  away f rom the  h o t  j u n c t i o n  
the reby  caus ing  an unbalanced b r idge .  Heat source temperature and 
b r i d g e  balance a r e  r e s t o r e d  by i n c r e a s i n g  t h e  c u r r e n t  t o  the  sensors. 
The c u r r e n t  needed t o  r e s t o r e  t h e  f i x e d  r e s i s t a n c e  r a t i o  i s  p r o p o r t i o n a l  
t o  t h e  f l u i d  v e l o c i t y .  Thus, by knowing the  f l u i d  v e l o c i t y  and t h e  
spacing o f  t h e  packers, t h e  l o s t  c i r c u l a t i o n  zone can be i d e n t i f i e d  and 
i t s  f l o w  c a p a c i t y  deduced. 

A b i l i t v  t o  Locate L o s t  C i r c u l a t i o n  Zones 

A geothermal t o o l  would appear t o  have good p o t e n t i a l  f o r  success 
i n  l o c a t i n g  the  depth  o f  l o s t  c i r c u l a t i o n  and i n  q u a n t i f y i n g  the  n e t  
l o s s  ( o r  g a i n ) .  

Capabil  i t y  t o  Q u a n t i f y  S ize  o f  Zone and Rate o f  Loss 

The w i d t h  o f  t h e  zone i s  undetermined by t h i s  method. 
The t o o l  can determine t h e  h e i g h t  and r a t e  o f  l o s s  i n t o  t h e  zone. 

Capabi l  i ty t o  Operate i n  Geothermal We1 1 

The t o o l  c o u l d  l i k e l y  be made t o  opera te  a t  temperatures i n  excess 
o f  500"F, i n  h i g h  pressures,  and r u n  i n  any d r i l l i n g  f l u i d .  
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Accuracv 
A 

The t o o l  i s  s e n s i t i v e  t o  even ve ry  small  changes i n  f l u i d  
v e l o c i t y .  Th is  s e n s i t i v i t y  p rov ides  f o r  accu ra te  de te rm ina t ions  o f  t h e  
h e i g h t  and f l o w  r a t e  i n t o  t h e  zone. 

Re1 i a b i l  i t v  

R e l i a b l e  i n  process p l a n t  ope ra t i on .  Downhole Bureau o f  Mines t o o l  
was a1 so found t o  be re1  i a b l  e. 

A v a i l a b i l i t y  

Downhol e t o o l  unava i l  ab1 e. 
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TOOL NAME - HOT FI LM ANEMOMETER 

Subelement 
Weighted 

Score Criteria 

Element 
Element Weighted 
Weight Score 

PERFORMANCE 

Locate lost circulation zone 
Find depth 
Determine orientation 

Ouantify zone size 
Height 
Width 
Flow rate into zone 

Operate in geothermal well 
Temp. rating 
Pressure rating 
Mud wtltype 

Accuracy 
0 Tool accuracy 
0 Locate zone 
9 Quantify zone 

Reliability 

RISK 

Stage of development 
Temp. rating 
Pressure rating 
Mud wtltype 

Design approach 
Locate zone 

*Quantify zone 

Experience/Testing 

COST 

AVAl LAB1 1 ITY 

- -- 

Raw 
Score 

8 
/ 

Subelement 
Weight 

80% 
2004. 

50% 4s 
25% 

P 
R 

7 100% 10.0% 17 
7. 5 

100% &A 

Category 
Weight 

X .50 = 

x .20 = 

x -10 = 

x .20 = 

Final score 

Category 
Score 

3# 

- 
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Name o f  Tool :  Ho t  Wire Survey 

Type: E l e c t r i c a l  

. 

Manu f ac t u r  e r  : Dowell (1950s) 

cos t :  Tool i s  n o t  a v a i l a b l e  

S t a t e  o f  Development: The Dowell v e r s i o n  was a l ow  temperature 
dev i ce  be ing  ab le  t o  w i t h s t a n d  temperatures up 
t o  250°F. 

General D e s c r i p t i o n :  

The h o t  w i r e  survey t o o l  i s  a c a l i b r a t e d  r e s i s t a n c e  w i r e  which 
f u n c t i o n s  as a h i g h l y  s e n s i t i v e  f l o m e t e r .  I t s  o p e r a t i o n  i s  based on 
t h e  p r i n c i p l e s  o f  h e a t  t r a n s f e r .  

When a h o t  w i r e  i s  immersed i n  a c o o l e r  f l u i d ,  h e a t  w i l l  be t rans -  
f e r e d  from t h e  w i r e  t o  t h e  f l u i d .  The r a t e  o f  h e a t  t r a n s f e r  i s  depen- 
d e n t  upon t h e  temperature d i f f e r e n t i a l  between the  w i r e  and f l u i d ,  h e a t  
c o n d u c t i v i t v  o f  t h e  f l u i d ,  and t h e  r a t e  a t  which t h e  f l u i d  i s  moving 
p a s t  
ti t a  

1 i n e  
face  
read  
1 oca 

t h e  w i i e .  Thus, by measuring t h e  r a t e  o f  h e a t  d i s s i p a t i o n ,  a quan- 
i v e  va lue  f o r  t h e  l o c a l  f l u i d  v e l o c i t y  can be obta ined.  

I n  normal o p e r a t i o n  the  t o o l  i s  lowered i n t o  t h e  d r i l l  by a w i r e  
t h e  w i re1  i n e  housing t h e  necessary e l e c t r i c a l  connect ion  t o  sur -  

equipment. F l u i d  i s  i n j e c t e d  i n t o  t h e  w e l l  a t  a c o n s t a n t  r a t e  and 
ngs a t  v a r i o u s  l e v e l s  o f  i n t e r e s t  a r e  recorded.  I f  t h e  t o o l  i s  
ed below a zone o f  l o s t  c i r c u l a t i o n ,  a zero f l o w  r a t e  i s  recorded. 

By r a i s i n g  t h e  t o o l  i n t o  t h e  zone and t a k i n g  success ive measurements, 
t h e  e x t e n t  and depth o f  t h e  zone can be d iscovered.  

A b i l i t y  t o  Locate L o s t  C i r c u l a t i o n  Zones 

The o r i g i n a l  t o o l  has been used s u c c e s s f u l l y  t o  l o c a t e  l o s t  c i r -  
c u l a t i o n  zones i n  over  165 surveys. It appears t o  be a good t o o l  f o r  
l o c a t i n g  t h e  zone, b u t  l a r g e  amounts o f  mud a r e  r e q u i r e d  w h i l e  r u n n i n g  
t h e  survey. 

C a p a b i l i t y  t o  Q u a n t i f y  S ize  o f  Zone and Rate o f  Loss 

The t o o l  i s  s a t i s f a c t o r y  f o r  de te rm in ing  the  v e r t i c a l  e x t e n t  o f  t h e  
zone and p rov ides  a d i r e c t  measure o f  t h e  r a t e  o f  l o s s .  The w i d t h  o f  
t h e  zone i s  undetermined. 
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CaDabil i t v  t o  ODerate in Geothermal We1 1 

Original tool could operate a t  temperatures up t o  2 5 0 O F .  A high 
temperature version of the tool appears feasible.  Able t o  operate i n  
a l l  d r i l l i ng  fluids.  

Accuracy 

Appears t o  have had good accuracy concerning the height 
determination a1 t h o u g h  several 1 oggi ng analysts feel t h a t  the "skin 
e f fec t"  may preclude recording the actual i n  s i t u  flow conditions. 

Re1 iabi l  i ty 

The tool i s  del icate  due t o  the fineness of the sensing element. 

Avail abil i ty 

The tool i s  n o t  available. 

0 50- 40 60 80 100 
RELATIVE RATE OF FLOW 

1 - '  . 1. - .  . %-- ... -- 

Figure 20. Hot Wire Survey 

n 

138 



Grs 

f 

.' 

L 

TOOL NAME - HOT WIRE SURVEY 

Criteria 

PER FO RMANCE 

Locate lost circulation zone 
Find depth 
Determine orientation 

Quantify zone size 
Height 
Width 
Flow rate into zone 

Operate in geothermal well 
Temp. rating 

Q Pressure rating 
Mud wtltype 

Accuracy 
Tool accuracy 
Locate zone 
Quantify zone 

Reliability 

RISK 

Stage of development 
Temp. rating 
Pressure rating 
Mud wtltype 

Design approach 
Locate zone 

*Quantify zone 
- 

ExperienceITesting 

COST 

AVAILABILITY 

-- 

Raw 
Score 

Y 
/ 

Subelement 

5 45% -7.3 
B 45% 3.6 

9 50% 45 

7.7 

100%; M A  

MA 100% 

X .50 = 

x .20 = 

x .10 = 

x .20 = 

Raw )core range 

Poor Medium Good 
0 - 3  4 - 7  8 - 1 0  

- 

I 

Final score 

Category 
Score 

3. # 

A S  

4 5  

139 



Re f e r  enc es 

HOT WIRE SURVEY 

1. Campbell, G. G., Sco t t ,  W. G., and M i l l e r ,  J .  S.; " E v a l u a t i o n  o f  
O i l  Shale F r a c t u r i n g  Tes ts  near Rock Spr ings,  Wyoming," 
Bureau o f  Mines Repor t  o f  I nv .  7397, 1970. 

2. Hamilton, R. G. and Myung, J .  I.; Summary o f  Geophysical Well 
Logging, Seismograph Serv i ce  Corpora t ion .  . 

3. Henderson, R. A.; "Hot  Wire Tool Locates L o s t  C i r c u l a t i o n , "  World 
O i l ,  pp. 187-188, October 1952. - 

4. Lamer, M.D.; "Measurement Requirements and Methods f o r  Geothermal 
Reservo i r  System Parameters (An Apprasal )  , ' I  Fleasurement 
A n a l y s i s  Corpora t ion ,  August 1979, MAC Tech Repor t  No. 
7806-01. 

. 



. 

Name o f  Tool :  

Type: 

Manufacturer :  

c o s t :  

Impress ion Packers 

Mechanical 

Tam I n t e r n a t i o n a l ,  Lynes 

Approx imate ly  $3,100 pe r  run p l u s  o r i e n t i n g  
costs .  The c o s t  pe r  run  i s  based on 1 0 - f o o t  
impress ion packers f o r  use i n  7 "  d i a .  open 
hole.  

S t a t e  o f  Development : Tam I n t e r n a t i o n a l  impress,ion packers 
ope ra te  a t  temperatures ulp t o  250OF. 
Accord ing t o  Lynes, t h e i r  packer can 
t o  550°F. 

Genera 1 Desc r i D t  i on : 

can 

be run  up 

Impress ion Packers can be used t o  o b t a i n  an i m p r i n t  o f  t h e  borehole 
w a l l .  The impress ion i s  preserved i n  a s o f t  rubber  element. Impression 
packers a r e  u s u a l l y  run i n t o  t h e  h o l e  on t h e  end o f  t h e  d r i l l  p ipe.  
When t h e  t o o l  i s  a t  t h e  p roper  depth, a b a l l  i s  dropped t o  i n f l a t e  t h e  
packer. Pressure i s  ma in ta ined  a t  some l e v e l  f o r  at predetermined t ime. 
A t  t h i s  p o i n t ,  t h e  pressure i s  i nc reased  t o  e j e c t  t h e , b a l l  and a l l o w  t h e  
packer t o  become d e f l a t e d .  A 360 degree, t h r e e  dimensional  impress ion 
o f  t h e  bo reho le  face  can then  be brought  t o  t h e  s u r f a c e  f o r  v i s u a l  i n -  
spect ion.  F i g u r e  21  shows t h e  Tam I n t e r n a t i o n a l  arid Lynes impress ion 
packers. 

A b i l i t y  t o  Locate Lost C i r c u l a t i o n  Zones 

E s s e n t i a l  
1 i m i  t e d  1 ength 
t h e r e  i s  f l u i d  

I f  a zone 
a l l o w s  t h e  d e t  

y i t  cannot determine a l o s t  c i r c u l a t i o n  zone due t o  
and, more i m p o r t a n t l y ,  i t s  i n a b i l i t y  t o  determine i f  
escape. 

i s  known t o  be l o s i n g  c i r c u l a t i o n ,  use o f  t h i s  method 
r m i n i n g  o f  t h e  t y p e  o f  zone and, i f  i t  i s  a f r a c t u r e ,  t h e  

w i d t h  and o r i e n t a t i o n .  

C a P a b i l i t v  t o  O u a n t i f v  S i ze  o f  Zone and Rate o f  Loss 

Must be used s e l e c t i v e l y  s i n c e  each packer w i l l  cover  o n l y  a l i m -  
i t e d  l e n g t h  o f  borehole.  Good t o o l  f o r  showing s i z e  and o r i e n t a t i o n  o f  
f r a c t u r e s  and vugs i n t e r s e c t i n g  borehole.  
n i t u d e  o f  l o s t  c i r c u l a t i o n  i n t o  such zones. 

Not good f o r  q u a n t i f y i n g  mag- 



CaDabil i t v  t o  ODerate i n  Geothermal We1 1 

Operational capabili ty up t o  approximately 5 5 0 O F .  A higher 
Able to  operate i n  any d r i l l i ng  temperature capabili ty may be feasible.  

f lu id  so long as the f lu id  i s  non-corrosive t o  the rubber element. 

Acc u r acy 

wall. 
The  rubber element accurately records the condition of the borehole 

Re1 iabil  i t.v 

Very re l iab le  due t o  i t s  simplicity and function. 

Avail abil i t v  

Tools a re  available from Tam International and Lynes. 
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F i g u r e  22. Impress ion  Packe r  Records 

F i g u r e  22 shows packe r  i m p r e s s i o n s  o f  six b o r e h o l e  c o n d i t i o n s :  1) 
c a s i n g  c o l l a r ,  2)  c a s i n g  p e r f o r a t i o n ,  3 )  open hole vertical  fracture,  4 )  
s p l i t  c a s i n g ,  5) f o s s i l s ,  and  6 )  bedding  p l a n s .  
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TOOL NAME - IMPRESS I ON PACKERS 

Criteria 

PERFORMANCE 

Locate lost circulation zone 
Find depth 
Determine orientation 

Quantify zone size 
Height 
Width 
Flow rate into zone 

Operate in geothermal well 
Temp. rating 
Pressure rating 
Mud wtltype 

Accuracy 
0 Tool accuracy 

Locate zone 
9 Quantify zone 

Reliability 

RISK 

Stage of development 
Temp. rating 
Pressure rating 
Mud wt l type 

Design approach 
Locate zone 
Quantify zone 

Experience/Testing 

COST 

AVAl LAB1 L ITY 

-- 

Raw 
Score 

/ 

9 

Subelement 
Weight 

Subelement 

/ 50% 

100% 34.0% 9 

P 100%. 

10 100% 

I 
Category Category 
Weight I Score 

X .50 = 

x .20 = 

x .10 = 

x .20 = 

I Raw score range - I 
Poor Medium Good Final score 
0 - 3  4 - 7  8 - 10 

1 

3.24 

15 

-7 

145,146 
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Name o f  Tool: I n d u c t i o n  Logs cs 

* 

Type: E l e c t r i c a l  

Manufac turer  : B i  rdwel 1 , Dresser-At1 as , The GO Company , 
H a l l  i b u r t o n ,  Pengo 

cos t :  $5,000 pe r  r u n  

S t a t e  o f  Development: The m a j o r i t y  o f  a v a i l a b l e  t o o l s  opera te  a t  
temperatures up t o  325-400°F. 

General D e s c r i p t i o n  : 

I n d u c t i o n  l o g s  a r e  used t o  o b t a i n  measurements on f o r m a t i o n  conduc- 
t i v i t y .  The t o o l  i s  composed o f  severa l  t r a n s m i t t e r  and r e c e i v e r  c o i l s .  
I n  ope ra t i on ,  t h e  fo rma t ion  i s  sub jec ted  t o  focused h i g h  f requency e lec -  
t romagnet ic  energy from t h e  t r a n s m i t t e r s .  T h i s  energy induces secondary 
c u r r e n t s  i n  the  fo rma t ion  which a r e  de tec ted  by t h e  r e c e i v e r  c o i l s  as 
r e c e i v e r  EMF'S. The magnitude o f  t h e  r e c i e v e r  EMF i s  p r o p o r t i o n a l  t o  
t h e  fo rma t ion  c o n d u c t i v i t y .  

H i s t o r i c a l l y ,  t h e  main purpose o f  i n d u c t i o n  l o g s  has been the  de- 
t e r m i n a t i o n  o f  t h e  re1  a t i v e  pe rcen t  o f  hydrocarbon s a t u r a t i o n  o f  t h e  
po re  f l u i d s .  A spec ia l  a p p l i c a t i o n  o f  t h i s  t o o l  i s  i t s  use as a l o s t  
c i r c u l a t i o n  d e t e c t o r .  L o s t  c i r c u l a t i o n  zones such a s  open f r a c t u r e s  o r  
permeable beds w i l l  appear as conduc t i ve  anomalies. T h i s  d iscrepancy i s  
due t o  t h e  d i f f e r e n c e s  i n  c o n d u c t i v i t y  between t h e  d r i l l  mud and t h e  
f o r m a t i o n  and i t s  assoc ia ted  f l u i d s .  

A b i l i t y  t o  Locate L o s t  C i r c u l a t i o n  Zones 

The I n d u c t i o n  l o g ' s  a b i l i t y  t o  l o c a t e  l o s t  c i r c u l a t i o n  zones i s  
d i r e c t l y  re1  a ted  t o :  

. t h e  v e r t i c a l  e x t e n t  o f  t h e  zone and 

t h e  volume f i l l e d  by mud, and 

t h e  c o n d u c t i v i t y  c h a r a c t e r i s t i c s  o f  t h e  ad jacen t  zones t h a t  

It i s  assumed t h a t  more than one i n d u c t i o n  l o g  i s  run .  U s u a l l y  a 
s h a l l  ow and a medium i n d u c t i o n  cu rve  i s  obta ined.  P r e f e r r e d  embodiment 
i s  t o  run  w i t h  a v e r t i c a l  read ing  dev ice  and c o r r e l a t e  w i t h  p r i o r  
i n d u c t i o n  o r  o t h e r  r e s i s t i v i t y  dev ice.  

bound it. 
C 
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A b i l i t y  t o  Locate L o s t  C i r c u l a t i o n  Zones (con t inued)  

The t o o l  can l o c a t e  h i g h  c o n d u c t i v i t y  pathways which may be i n d i c a -  
t i v e  o f  t h e  l o s t  c i r c u l a t i o n  zone. These h i g h  c o n d u c t i v i t y  zones occur  
when f l u i d  f l ows  i n t o  a f r a c t u r e d  or permeable zone t h a t  i s  bounded by 
l ow  p o r o s i t y  rock. Many o f  t h e  t o o l s  a r e  unable t o  r e s o l v e  t h i n  
permeable beds o r  f r a c t u r e  i n t e r v a l s  l e s s  t h a n  4 f e e t  h igh. I n d u c t i o n  
l o g s  u s u a l l y  respond b e t t e r  t o  h o r i z o n t a l l y  o r i e n t e d  f r a c t u r e s  t h a t  a r e  
f i 11 ed w i t h  conduc t i ve  mud. 

C a u a b i l i t v  t o  O u a n t i f v  S i ze  o f  Zone and Rate o f  Loss 

I f  t h e  t o o l  i s  run  under c o n d i t i o n s  advantageous t o  i t s  use i n  
l o c a t i n g  t h e  l o s t  zones as o u t l i n e d  above, i t  can u s u a l l y  l o c a t e  t h e  
h e i g h t  o f  t h e  zone t o  w i t h i n  t h e  v e r t i c a l  r e s o l u t i o n  o f  t h e  t o o l .  The 
t o o l  has no a b i l i t y  t o  determine t h e  w i d t h  o f  t h e  zone nor  can i t  
p r o v i d e  i n f o r m a t i o n  on t h e  f l o w  r a t e  i n t o  t h e  zone. But i t  can p r o v i d e  
i n v a s i o n  depths. 

C a D a b i l i t v  t o  ODerate i n  Geothermal Well  

Depending on manufacturer ,  t h e  t o o l  can be run a t  temperatures as 
h i g h  as 325-400OF. 5OOOF t o o l s  a r e  a v a i l a b l e  f o r  s e r v i c e  from 
Schlumberger b u t  a r e  i n  l i m i t e d  supply. Higher  temperature c a p a b i l i t i e s  
a r e  f e a s i b l e .  The t o o l  works w e l l  i n  a i r ,  g a s ,  o i l - b a s e  and water-base 
muds, p rov ided  t h e  mud i s  n o t  t o o  s a l t y .  

Acc u racy  

The accuracy o f  t h e  measurements ob ta ined  i s  g e n e r a l l y  good when 
t h e  t o o l  i s  run i n  t h e  p roper  muds. Very r e s i s t i v e  fo rma t ions  can cause 
l a r g e  e r r o r s  i n  measurement (>ZO%) as c o n d u c t i v i t y  approaches zero. The 
h e i g h t  o f  t h e  zone can be determined t o  w i t h i n  about 5-10 f e e t  i n  
a p p l i c a b l e  s i t u a t i o n s .  

R e l i a b i l i t y  

The t o o l  i s  r e l i a b l e  i n  o p e r a t i o n  t o  t h e  temperatures s tated.  
Temperatures exceeding t h e  r a t e d  va lue  a f f e c t  t h e  t o o l s  performance. 

A 

t 

Avai 1 a b i  1 i t y  

Tool i s  w i d e l y  a v a i l a b l e .  

A 



Figure  23. Simp1 i f ied Schematic o f  :Induction Log 
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TOOL NAME - INDUCT I ON LOGS 

Subelement ' 
Raw Subelement Weighted Element 

Score Weight Score Weight Criteria 

Element 
Weighted 

Score 

'ERFORMANCE 

Raw score range 

Poor Medium Good 
0 - 3  4 - 7  8 - 10 

Locate lost circulation zone 
F ind depth 
Determine orientation 

Final score 

Quantify zone size 
0 Height 
0 Width 

Flow rate into zone 

Operate in geothermal well 
0 Temp. rating 

Pressure rating 
Mud wt l type  

Accuracy 
0 Tool accuracy 

Locate zone 
Quantify zone 

Reliabil ity 

RISK 

Stage of development 
Temp. rating 

0 Pressure rating 
Mud w t h y p e  

Design approach 
Locate zone 

*Quantify zone 

Experience/Testing 

COST 
- 

AVAILABILITY 

B 10mt 

/o 100% 

Category 
Weight 

X .50 = 

x .20 = 

x .10 = 

x .20 = 

lategory 
Score 

3*7 

A/ 

.B 

2. d 
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Name o f  Tool: L o s t  C i r c u l a t i o n  D e t e c t o r  

Type: 

Manufacturer :  

cos t :  

E l e c t r i c a l  

C a l  i f o r n i a  Research Corpo ra t i on  

Not  a v a i l  ab1 e 

S t a t e  o f  Development: No l o n g e r  i n  se rv i ce .  The model b u i l t  and 
t e s t e d  was f o r  l o w  temperature s e r v i c e  
( 2 5 O O F ) .  

General Desc r iD t ion :  

T h i s  method, which i s  r u n  w i t h  a temperature survey, i n v o l v e s  t h e  
i n j e c t i o n  o f  a s l u g  o f  l ow  r e s i s t i v i t y  f l u i d  i n t o  t h e  moving mud column 
and then d e t e c t i n g  the  f l o w  o f  t h i s  s l u g  p a s t  s u i t a b l y  p laced  e l e c t r o d e  
p a i r s .  

The temperature survey i s  r u n  go ing  downhole and i s  used f o r  t h e  
p r imary  d e t e c t i o n  o f  t h e  t h i e f  zone and determines which zones w i l l  be 
examined i n  d e t a i l .  

The t o o l  i s  then l o c a t e d  j u s t  above t h i s  zone. The low  r e s i s t i v i t y  
f l u i d  i s  i n j e c t e d  i n t o  t h e  mud column and i t s  passage over  t h e  e l e c -  
t r o d e s  i s  recorded.  I f  f l u i d  movement i s  i n d i c a t e d  p a s t  t h e  bot tom 
e l e c t r o d e  p a i r ,  t h e  t o o l  i s  l o c a t e d  above t h e  zone o f  l o s t  c i r c u l a t i o n .  
Conversely, i f  no f l u i d  movement occurs,  t h e  t o o l  i s  below t h e  zone. By 
b r a c k e t i n g  t h e  zone, t h e  e x t e n t  o f  zone can be a c c u r a t e l y  de f ined.  

A b i l i t v  t o  Locate  L o s t  C i r c u l a t i o n  Zones 

A good t o o l  s p e c i f i c a l l y  designed t o  p i n p o i n t  t h e  l o c a t i o n  o f  t h e  
l o s t  c i r c u l a t i o n  zone. Mud f l o w  i s  requ i red -  f o r  o p e r a t i o n  and t h e  mud 
must be conduct ive  i f  t h e  t o o l  i s  t o  opera te  c o r r e c t l y .  

A poor t o o l  f o r  de te rm in ing  t h e  o r i e n t a t i o n  o f  t h e  zone. 

C a D a b i l i t v  t o  Quan t i f y  S ize  o f  Zone and Rate o f  Loss 

A good t o o l  f o r  a c c u r a t e l y  de te rm in ing  t h e  v e r t i c a l  e x t e n t  o f  t h e  
l o s t  c i r c u l a t i o n  zone. A poor t o o l  f o r  de te rm in ing  t h e  w i d t h  o f  t h e  
zone. The t o o l  p rov ides  t h e  approximate r a t e  o f  l o s s  a t  any p o i n t .  

15 1 
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CaDabil i t v  t o  Operate i n  Geothermal We1 1 

The t o o l  can opera te  i n  a wide range o f  mud r e s i s t i v i t i e s .  

The t o o l  saw l i m i t e d  use i n  t h e  1950s. It i s  b e l i e v e d  t h a t  t h e  
t o o l  was a low temperature dev i ce  s i n c e  i t  was designed f o r  t he  downhole 
temperatures no rma l l y  encountered i n  o i l  and gas w e l l s  a t  t h a t  t ime.  

Accuracy 

Based on l i m i t e d  i n fo rma t ion ,  t h e  o v e r a l l  accuracy o f  t he  t o o l  
appears t o  have been good. 

Re1 i a b i l  i ty 

Good. 

A v a i l  a b i l  i ty 

Not a v a i l a b l e .  



-- 



TOOL NAME - LOST C I RCULAT I O N  DETECTOR 

Raw 
Score Criteria 

Subelement Element 
Subelement Weighted Element Weighted 

Weight Score Weight Score 

PERFORMANCE 

Locate lost circulation zone 
Find depth 
Determine orientation 

Quantify zone size 
Height 
Width 
Flow rate into zone 

Operate in geothermal well 
Temp. rating 
Pressure rating 
Mud wtltype 

Accuracy 
Tool accuracy 
Locate zone 
Quantify zone 

Reliability 

RISK 

Stage of development 
Temp. rating 
Pressure rating 
Mud wtltype 

Design approach 
Locate zone 
Quantify zone 

ExperienceITesting 

COST 

kVAI LAB1 LlTY 

100% 34.0% 7 
63  

N A  100% 

Category 
Weight 

~ 

X .50 = 

x .20 = 

x .IO = 

x .20 = 

Final score 

Category 
Score 

30s 

L 3  
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References 

LOST CIRCULATION DETECTORS 

1. Gal lagher ,  C. F.; "Methods and Devices f o r  L o c a t i n g  t h e  Zone o f  
L o s t  C i r c u l a t i o n , "  A P I  Paper No. 801-32C presented  a t  t he  
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Name o f  Tool: M i c r o r e s i s t i v i  ty Logs 

Type: E l e c t r i c a l  

Manufac turer  : Sc h l  umberger , Hal 1 i bur ton ,  The GO Company , 
Dresser-At1 as 

. 

cos t :  $5,100 p e r  r u n  

S t a t e  o f  Development: Tool opera tes  t o  ternperati i res up t o  350°F 

General D e s c r i p t i o n :  

M i c r o r e s i  s t i v i  ty  t o o l  s measure the  r e s i  s t i v i  ty  o f  t h e  f l  ushed zone 
and d e l i n e a t e  permeable beds by d e t e c t i n g  t h e  mud cake. The t o o l  has 
t h e  necessary mechanics t o  p ress  a rubber  pad a g a i n s t  t h e  bo reho le  w a l l .  
I n  t h e  face  o f  t h i s  pad a r e  l o c a t e d  t h e  t o o l ' s  sens ing elements, small 
e lec t rodes ,  u s u a l l y  between 3 and 6, spaced a s h o r t  d i s t a n c e  apar t .  The 
t o o l  examines t h e  w a l l  t o  a depth  o f  one t o  f o u r  inches.  Four-arm 
m i c r o r e s i  s t i v i  ty  t o o l  s compare a1 1 four  s i  des of  t h e  we1 1 bo re  sirnul tan-  
eously  and are  used t o  d e t e c t  f r a c t u r e s .  

When a permeable zone i s  encountered, t h e  f o u r  l o g s  t r a c k  one 
another .  Whereas when nonhor i  zon ta l  f r a c t u r e s  a r e  encountered, t h e  pads 
l o c a t e d  90 degrees a p a r t  g i v e  d i f f e r e n t  reponses. T h i s  behav io r  i s  
caused by t h e  f l u i d  i n  t h e  f r a c t u r e .  When h o r i z o n t a l  f r a c t u r e s  a r e  
encountered t h e  t o o l  I s response i s  c h a r a c t e r i z e d  by sharp, l ow  
r e s i s t i v i t y  sp i kes  on a l l  f o u r  pads s imul taneously .  F i g u r e  25 shows a 
four-arm m i c r o r e s i s t i v i  ty l o g  i n  which severa l  f r a c t u r e s  between 11,015 
and 11,065 ft. were l oca ted .  

A b i l i t y  t o  Locate  L o s t  C i r c u l a t i o n  Zones 

The t o o l  i s  h e l p f u l  i n  l o c a t i n g  l o s t  c i r c u l a t i o n  zones o c c u r r i n g  i n  
low p o r o s i t y  and low  p e r m e a b i l i t y  f r a c t u r e d  i n t e r v a l s .  I n  a permeable 
fo rmat ion ,  t h e  t o o l ' s  sha l low depth o f  i n v e s t i g a t i o n  w i l l  respond 
s i m i l a r l y  t o  normal mud f i l t r a t e  and whole mud l o s s  zones. It may m iss  
e n t i r e l y  f r a c t u r e s  t h a t  cause l o s t  c i r c u l a t i o n ,  seeing them as h i g h  
c o n d u c t i v i t y  anomal i e s  because t h e  average p o r o s i t y  i n  t h e  smal 1 v o l  ume 
o f  i n v e s t i g a t i o n  i s  l a r g e ,  o r  t he  l o c a l  s a t u r a t i o n  o f  conduc t i ve  
d r i l l i n g  f l u i d  i s  h igh .  

It can d e r i v e  t h e  general  inclination o f  t h e  f r a c t u r e s .  



C a p a b i l i t y  t o  Q u a n t i f y  S ize  o f  Zone and Rate o f  Loss 

w i d t h  o f  t h e  zone and t h e  r a t e  o f  l o s s  a r e  undetermined by t h i s  method. 
The t o o l  can p r o v i d e  i n f o r m a t i o n  on t h e  h e i g h t  o f  t h e  zone. The 

C a D a b i l i t v  t o  ODerate i n  Geothermal Well 

It can be run i n  environments where t h e  temperature does n o t  exceed 
350OF. Can opera te  i n  f r e s h  and s a l t  base muds. Not u s e f u l  f o r  a i r -  
d r i  1 1 ed h o l  es . 
Accu r a c  Y 

The t o o l  i s  accurate,  w i t h  good l o g s  ob ta ined  even i n  low p o r o s i t y  
format ions.  Poor r e s u l t s  i n  rugose ho les  where w a l l  con tac t  i s  
d i f f i c u l t  t o  ma in ta in .  He igh t  de te rm ina t ions  a r e  f a i r .  B e t t e r  r e s u l t s  
a r e  achieved i f  t h e  t o o l  f o l l o w s  t h e  f r a c t u r e  pa th  and t h e  bounding 
zones have d i f f e r e n t  c h a r a c t e r i s t i c s .  

Reliability 

The too l  i s  r e  
o u t  - o f  -round h o l  es. 

Avai  1 a b i  1 i t y  

H i  gh. 

i a b l e  a l t hough  t h e  r e t r a c t a b l e  arm may be damaged i n  



f \  Figure shows several fractures a t  depths o f  11,015 t o  11,065 f t .  

Figure 25. Four-Arm Microresi stivi ty Log o f  Fractures 
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Mud 

M u d  C a k e  

M i c r o l o f e r o l o g  M i c r o l o g  

L 

Comparatiue distribution of current 
liner of Nicrolaterolog and Nicrolog .  

1 

L 

I 

Figure 26. Current Lines Distribution o f  Some Microresistivi t y  Devices 
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TOOL NAME - M I  C R O R E S  I ST I V I TY LOGS 

Criteria 

PERFORMANCE 

Locate lost circulation zone 
Find depth 
Determine orientation 

Quantify zone size 
Height 
Width 
Flow rate into zone 

Operate in geothermal well 
Temp. rating 
Pressure rating 
Mud wtltype 

Accuracy 
Tool accuracy 
Locate zone 
Quantify zone 

Reliability 

RISK 

Stage of development 
Temp. rating 
Pressure rating 

Mud wtltype 

Design approach 
Locate zone 

*Quantify zone 

Experience/Testing 

COST 

AVAILABILITY 

- -- 

Raw 
Score 

3 
6 

Subelement 
Weight 

80% 
20% 

Subelement -*- 

/ D  100% 

X 50 = 

x .20 = 

x .IO = 

-- 

x .20 = 

Final score Medium 
8 - 10 

Category 
Score 

2s- 

6.3 
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Name o f  Tool :  Neutron Log 

Type: Radi a ti on 

Manufacturer :  B i r d w e l l  , DIA-Log, Schl umberger, Hal 1 i b u r t o n ,  
Dresser-At1 as , The GO Company 

c o s t :  Approx imate ly  $4,700 p l u s  o r i e n t i n g  c o s t s  

S ta te  of Development: Operates a t  temperatures up t o  4OO0F, 15,000 
-20,000 p s i .  The Schlumberger HEL t o o l  i s  
r a t e d  a t  5OO0F, 25,000 p s i  and a v a i l a b l e  i n  
1 i m i t e d  supply. Higher  temperature capab i l  i- 
t i e s  a r e  f e a s i b l e .  

General Descr i  P t i o n :  

Neutron l o g s  a r e  used t o  d e l i n e a t e  and q u a n t i f y  f o r m a t i o n  por-  
o s i t y .  The t o o l  c o n s i s t  o f  a Pu-Be o r  Am-Be chemical neut ron  source 
t h a t  em i t s  neut rons  i n t o  the  fo rmat ion .  These neut rons  c o l l i d e  w i t h  
n u c l e i  o f  t h e  f o r m a t i o n  m a t e r i a l  l o s i n g  energy w i t h  each c o l l o s i o n .  The 
amount o f  energy l o s t  pe r  c o l l i s i o n  i s  a f u n c t i o n  o f  t h e  r e l a t i v e  mass 
o f  t h e  nuc leus w i t h  which t h e  neu t ron  c o l l i d e s .  The c l o s e r  t h e  nuc leus 
i s  i n  mass t o  t h e  neu t ron  t h e  g r e a t e r  t h e  energy l o s s .  Hence, t h e  
n a j o r i  ty  o f  t o o l  s are  s e n s i t i v e  t o  hydrogen concen t ra t i on .  

W i t h i n  a few micro-seconds o f  emi t tance,  t h e  energy o f  t h e  neut rons  
has been reduced th rough success ive c o l l  i s ions  t o  thermal  v e l o c i t i e s .  
These thermal neut rons  d i f f u s e  randomly u n t i l  cap tu re  by t h e  n u c l e i  o f  
atoms such as c h l o r i n e .  Upon c a p t u r i n g  t h e  thermal  neutron,  t h e  e x c i t e d  
n u c l e i  e m i t  gamma r a d i a t i o n .  

Depending on the  type  o f  neu t ron  l o g g i n g  t o o l  , t h e  thermal neutrons 
and/or gamma r a y s  a r e  counted by a d e t e c t o r ( s )  spaced a nominal d i s t a n c e  
f rom the  source. Accord ing ly ,  t h e  c o u n t i n g  r a t e  determines t h e  p o r o s i t y  
o f  t h e  fo rmat ion .  Because c h l o r i n e  has a l a r g e  thermal neu t ron  cap tu re  
c r o s s - s e c t i o n  and i s  p resen t  i n  l a r g e  amounts i n  t h e  water  conta ined i n  
most fo rmat ions ,  neu t ron  l o g s  w i t h  gamma r a y  d e t e c t o r s  a r e  o f t e n  c a l l e d  
c h l  o r i n e  1 ogs. 

The t o o l  i s  u s u a l l y  r u n  w i t h  a c a l i p e r  dev i ce  t o  p r o v i d e  

A p o s s i b l e  a p p l i c a t i o n  o f  neu t ron  l o g g i n g h i s  i t s  use as a l o s t  c i r -  

. t h e r e  i s  a l a r g e  s a l i n i t y  d i f f e r e n t i a l  between t h e  mud and 

c o r r e c t i o n s  f o r  h o l e  geometry e f f e c t s .  

c u l a t i o n * , d e t e c t o r .  It i s  b e l i e v e d  t h i s  method can Ibe used i f  

f o r m a t i o n  f l u i d s ,  o r  

t h e  r e l a t i v e  d i f f e r e n c e  i n  hydrogen concen t ra t i ons  i n  t h e  
fo rma t ion  and d r i l l  f l u i d  i s  s u f f i c i e n t l y  l a r g e  enough t o  cause 
a measurable change i n  c o u n t i n g  r a t e .  Th is  c o n d i t i o n  i s  
cons idered ex t remely  unusual . Use s idewa l l  t o o l .  
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General D e s c r i p t i o n  ( con t inued)  : 

These two c o n d i t i o n s  r e l y  on t h e  d i f f e r e n c e s  i n  a b s o r p t i o n  r a t e s  
due t o  d i s s i m i l a r  c o n c e n t r a t i o n s  o f  c h l o r i n e  and hydrogen, r e s p e c t i v e l y ,  
w i t h  t h e  r e s u l t i n g  changes i n  b o t h  gamma r a y  and thermal neu t ron  
c o u n t i n g  ra tes .  

A b i l i t y  t o  Locate Los t  C i r c u l a t i o n  Zones 

Can p o s s i b l y  l o c a t e  l o s t  c i r c u l a t i o n  when run  under t h e  c o n d i t i o n s  
d e t a i l e d  i n  t h e  General D e s c r i p t i o n ,  p r o v i d e d  normal i n v a s i o n  i s  n o t  t o o  
deep, l e s s  than 3 inches. F i e l d  t e s t i n g  and f u r t h e r  research i s  needed 
t o  determine t h e  a c t u a l  use fu lness  o f  t h e  method. Work i s  c u r r e n t l y  
underway t o  examine t h e  f r a c t u r e - f i n d i n g  c a p a b i l i t i e s  o f  t h e  ep i the rma l -  
thermal neutron l o g g i n g  combinat ion.  Resu l t s  a r e  n o t  y e t  a v a i l a b l e .  

C a p a b i l i t y  t o  Q u a n t i f y  S i ze  o f  Zone and Rate o f  Loss 

o f  l o s s  i n t o  t h e  zone a r e  beyond t h e  c a p a b i l i t i e s  o f  t h e  t o o l .  
V e r t i c a l  r e s o l u t i o n  o f  t h e  t o o l  i s  good, b u t  t h e  w i d t h  and t h e  r a t e  

C a p a b i l i t y  t o  Operate i n  Geothermal Well  

As s ta ted ,  t h e  t o o l  can be used i n  any bo reho le  f l u i d  (gas, o i l ,  
water  o r  mud) a t  temperatures as h i g h  as 400°F. High d e n s i t y  muds i n -  
crease t h e  neu t ron  c o u n t i n g  r a t e  and r e q u i r e  c o r r e c t i o n .  

Acc u racy 

Rad ioac t i ve  measurements a r e  s t a t i s i c a l  i n  nature.  Good q u a l i t y  
l o g s  can be ob ta ined  by a d j u s t i n g  t h e  t ime-cons tan t  s e t t i n g  and t h e  
l o g g i n g  speed so t h a t  enough counts a r e  recorded. The t o o l ’ s  accuracy 
i n  l o c a t i n g  and q u a n t i f y i n g  t h e  zone i s  undetermined a t  t h i s  t ime.  The 
c h l o r i n e  l o g  i s  s e n s i t i v e  t o  s a l i n i t i e s  above 40,000 ppm. The neu t ron  
l o g  reads h i g h e r  than  normal p o r o s i t i e s  i n  sha ly  environments. 

R e l i a b i l i t y  

The t o o l  i s  q u i t e  r e l i a b l e  i n  ope ra t i on .  

A v a i l a b i l i t y  

The t o o l  i s  w i d e l y  a v a i l a b l e  i n  350-400°F temperature range. 500°F 
t o o l s  f rom Schlumberger and Dresse r -A t las  a r e  i n  l i m i t e d  supply.  

A 
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TOOL NAME - NEUTRON-LOG 

Raw 
Score Criteria 

Subelement Element 
Subelement Weighted Element Weighted 

Weight Score Weight Score 

PERFORMANCE 

Locate lost circulation zone 
Find depth 
Determine orientation 

Quantify zone size 
Height 
Width 
Flow rate into zone 

Operate in geothermal well 
Temp. rating 
Pressure rating 
Mud wtltype 

Accuracy 
Tool accuracy 
Locate zone 
Qlantify zone 

Reliability 

W K  

Stage of development 
Temp. rating 
Pressure rating 
Mud wtltype 

Design approach 
Locate zone 

*Quantify zone 

ExperienceITesting 

COST 7 loo%, 

/o 100% 

8 Good - 10 I Poor Medium 1 0 - 3  4 - 7  

Category 
Weight 

X .50 = 

x .20 = 

x .IO = 

x .20 = 

Final score 

Category 
Score 

22 

.P 

377 
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Name o f  Tool: 

Type: 
Gd 

Manufacturer :  

Neutron-Sonic P o r o s i t y  Log 

Comb i n a ti o n 

Schl umberger , Dresser-At1 a s  , The GO Company , 
We1 ex 

c o s t :  Approx imate ly  $6 , 200 p e r  run  

S ta te  of Development: Operates up t o  350°F 

General D e s c r i p t i o n :  

The Dual -Poros i  ty  Neutron-Sonic 1 ogging combinat ion prov ides  a 
b e t t e r  means o f  e v a l u a t i n g  1 i tho1 og ies  and fo rmat ion  p o r o s i t i e s  than 
e i t h e r  t o o l  alone. I n  t h i s  a p p l i c a t i o n ,  t he  sonic  l o g  measures o n l y  t h e  
m a t r i x  p o r o s i t y  and t h e  neut ron  l o g  records  t h e  t o t a l  p o r o s i t y ,  t h e  
d i f f e r e n c e  be ing  a measure o f  t he  f r a c t u r e  p o r o s i t y .  The method has been 
s u c c e s s f u l l y  used t o  d e t e c t  f r a c t u r e s  t h a t  may be i n d i c a t i v e  o f  l o s t  
c i r c u l a t i o n .  

Fo r  a more d e t a i l e d  d e s c r i p t i o n ,  t h e  reader  i s  r e f e r r e d  t o  the  
separate sec t i ons  on Neutron and Sonic Logs i n  t h i s  appendix. 

A b i l i t v  t o  Locate L o s t  C i r c u l a t i o n  Zones 

T h i s  combinat ion dev ice  can p r o v i d e  the  f o l l o w i n g  i n f o r m a t i o n  
which, depending on circumstances, can e i t h e r  l o c a t e  d i r e c t l y  o r  a i d  i n  
t h e  l o c a t i o n  of l o s t  c i r c u l a t i o n  zones: 

locate  fractured and vuggy zones 

determine r e l a t i v e  s t r e n g t h s  o f  t h e  v a r i o u s  zones, and 

. d i s c r i m i n a t e  i n  s a l i n i t y  d i f f e r e n t i a l s  between mud and 
fo rma t ion  f l u i d s .  

C a p a b i l i t y  t o  Q u a n t i f y  S ize o f  Zone and Rate o f  Loss - 

It can p rov ide  a good e s t i m a t i o n  o f  t h e  h e i g h t  o f  t h e  zone when a l l  
t h  i n f o r m a t i o n  i s  taken together .  Has no a b i l i t y  t o  p rov ide  t h e  w i d t h  
o r  f l o w  r a t e  i n  the  zone. It does, however, p r o v i d e  f r a c t u r e  p o r o s i t y  
which i s  an ext remely use fu l  s u b s t i t u t e .  



CaDabil i t v  t o  Ooerate i n  Geothermal We1 1 

C u r r e n t l y  l i m i t e d  by t h e  l ow  temperature c a p a b i l i t i e s  o f  t he  son ic  
Able t o  opera te  i n  t o o l .  

a l l  d r i l l i n g  f l u i d s .  
Higher  temperature capab i l  i t i e s  a re  f e a s i b l e .  

Accuracy 

The t o o l s  a r e  reasonably  accura te .  Main b a s i s  f o r  t he  i n t e r -  
p r e t a t i o n  i s  d i f f e r e n c e s  i n  response between t h e  t o o l s .  Therefore,  so 
l o n g  as c a l i b r a t i o n  and set -up procedures a r e  c a r e f u l l y  f o l l owed ,  t h e  
t o o l s  do n o t  have t o  g i v e  good p o r o s i t y  es t ima tes  i n  o r d e r  t o  p rov ide  
u s e f u l  i n fo rma t ion .  

R e l i a b i l i t y  

Re1 i a b i l  i ty  i s  good t o  r a t e d  temperature. Operator  f a m i l  i a r i  ty i s  
u s u a l l y  good, which l eads  t o  b e t t e r  r e c o g n i t i o n  o f  problems when they  
occur .  

A 

A v a i l  a b i l  i ty 

Widely a v a i l a b l e .  

A 
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GAMMA RAY 

30 A P I  1 3 0  

DUA L PO9 OS I T Y  ACOUS T I C  -N E UT RON 
20 - A C O U S T I C - O  1 0 0 -  A C O U S T I C - 4 3  
20 . . - . N E U T R O N . .  - 0  7 5 1  N E U T R O N . .  379 

F i g u r e  29. Example o f  t h e  f r a c t u r e  f i n d i n g  c a p a b i l i t i e s  o f  
t h e  Neutron-Acoust ic  Dual p o r o s i t y  l o g .  Zone B i s  
f r a c t u r e d  as d i  sp l  ayed by t h e  marked anomal i e s  between 
t h e  acous t i c  and neu t ron  curves.  
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TOOL NAME - NEUTRON-SON I C  P@P.OS ITY LOG 

Criteria 

PERFORMANCE 

Locate lost circulation zone 
Find depth 
Determine orientation 

Quantify zone size 
Height 

0 Width 
Flow rate into zone 

Operate in geothermal well 
0 Temp. rating 

Pressure rating 
Mud wtltype 

Accuracy 
Tool accuracy 
Locate zone 
Quantify zone 

Reliability 

RISK 

Stage of development 
Temp. rating 
Pressure rating 
Mud wtltype 

Design approach 
Locate zone 
Quantify zone 

ExperienceITesting 

COST 

AV AI LA BI 1 I TY 

Subelement 
Subelement Weighted Element Weighted E: 1 Weight I Score 1 Weiglht I 

I 10096, 
~ 

/o 100% 

Raw score range 

Category 
Weight 

X .50 = 

x .20 = 

x .10 = 

x .20 = 

Poor Medium Good 
0 - 3  4 - 7  8 - 10 

Final score 

Category 
Score 

3. k 

/(& 

.6 

L. JL 
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Name o f  Tool :  

Type : 
6d 

Manufacturer :  

Cost:  

R a d i o a c t i v e  Tracer  Log 

Radi oac t  i ve 

DIA-LOG, Dresser-Atlas,The GO Company, Pengo, 
Schl umberger, NL McCul lough 

Approx imate ly  $4,200 p e r  run. O r i e n t a t i o n  
c o s t s  and h a u l i n g  o p e r a t i o n s  a r e  e x t r a .  

S t a t e  o f  Development: Depending on manufacturer ,  t h e  t o o l  operates 
up t o  300-350°F, 15,000 p s i .  

General Desc r i  p t  i o n  : 

The r a d i o a c t i v e  t r a c e r  survey i s  used f o r  t h e  i d e n t i f i c a t i o n  o f  
v a r i o u s  w e l l  problems. The method c o n s i s t s  o f  m i x i n g  smal l  q u a n t i t i e s  
of  s h o r t  h a l f - l i f e  r a d i o a c t i v e  i so topes ,  such as I o d i n e  131, w i t h  mud a t  
t h e  su r face  o r  i n j e c t i n g  i t  i n t o  t h e  downhole mud stream w i t h  an e j e c t o r  
t o o l  a t  some p o i n t  above t h e  zone o f  i n t e r e s t .  Most downhole i n j e c t i o n  
systems cannot be used i n  heavy muds o r  deep fo rma t ions  because t h e  
e j e c t o r  motor cannot overcome t h e  h y d r o s t a t i c  pre:ssure o f  t h e  mud on t h e  
p l  unger assembly. 

The tagged f l u i d  i s  pumped down t h e  bo reho le  where i t s  movement 
i n t o  t h e  f o r m a t i o n  i s  l a t e r  de tec ted  by a gamma r a y  l o g g i n g  t o o l .  Zones 
o f  l o s t  c i r c u l a t i o n  i n i t i a l l y  appear as h i g h e r  l e v e l s  o f  r a d i o a c t i v i t y ,  
f o l l owed  by d i s s i p a t i o n  o r  s t a b i l i z a t i o n  when compared t o  ad jacen t  
p o r t i o n s  o f  t h e  borehole.  With t i m e  t h e  t r a c e r  w i l l  decay o r  t h e  
r a d i o a c t i v e  mud w i l l  be pumped away i n t o  t h e  f o r m a t i o n  and cannot be 
de tec ted  by t h e  gamma r a y  log.  I n  permeable zones t h e  m a t e r i a l  may 
p l a t e  t o  t h e  face  o f  t h e  zone. 

Readings a r e  c o r r e l a t e d  and compared w i t h  a gamma l o g  run  p r i o r  t o  
i n t r o d u c i n g  r a d i o a c t i v e  m a t e r i a l  i n t o  t h e  w e l l .  :It i s  wor th  n o t i n g  t h a t  
i t  may be necessary t o  pump t h e  r a d i o a c t i v e  m a t e r i a l  down bo th  t h e  
annulus and t h e  d r i l l  p i p e  b e f o r e  t h e  zone i s  l oca ted .  

Q u a n t i t a t i v e  e v a l u a t i o n  of t h e  mud f low r a t e  i n t o  t h e  f o r m a t i o n  can 
be ob ta ined  by measuring t h e  t i m e  i t  takes  t h e  r a d i o a c t i v e  i s o t o p e  t o  
move pas t  two gamma r a y  d e t e c t o r s  of  a known d i s t a n c e  o f  separat ion.  
Th is  t y p e  o f  system i s  s u p e r i o r  t o  t h e  e j e c t o r / s i n g l e  gamma r a y  l o g  
techn ique  which depends on knowing t h e  t i m e  o f  e j e c t i o n .  I n  bo th  cases, 
t h e  separa t i on  between t h e  d e t e c t o r s  and/or source can be se lected.  Such 
i n f o r m a t i o n ,  when coupled w i t h  t h e  v o l u m e t r i c  r a t e  o f  l o s s  recorded a t  
t h e  su r face ,  (among o t h e r  p e r t i n e n t  f a c t o r s )  p rov ides  a computer 
generated f l o w  p r o f i l e .  



A b i l i t y  t o  Locate Los t  C i r c u l a t i o n  Zones 

The Tracer  Log i s  a good t o o l  f o r  l o c a t i n g  t h e  depth o f  l o s t  
c i r c u l a t i o n  zones. However, i t  i s  recommended f o r  use i n  low t o  
moderate r a t e  o f  loss s i t u a t i o n s  on ly .  I n  h i g h  r a t e  o f  loss s i t u a t i o n s ,  
t h e  r a d i o a c t i v e  m a t e r i a l  may be c a r r i e d  deep i n t o  t h e  fo rma t ion  and be 
unde tec tab le  by t h e  t i m e  t h e  gamma l o g  i s  run a t  t h a t  l e v e l .  

It p rov ides  no i n f o r m a t i o n  on t h e  o r i e n t a t i o n  o f  t h e  zone. 

C a p a b i l i t y  t o  Q u a n t i f y  S ize o f  Zone and Rate o f  Loss 

The survey p rov ides  i n f o r m a t i o n  on t h e  h e i g h t  and r a t e  o f  l o s s  i n t o  
t h e  l o s t  c i r c u l a t i o n  zone. Poor too l  f o r  d e t e r m i n i n g  t h e  w i d t h  o f  t h e  
zone. 

C a p a b i l i t y  t o  Operate i n  Geothermal Well 

Opera t i ona l  c a p a b i l i t y  up t o  350°F, 15,000 p s i .  The t o o l  can be 
r u n  i n  any medium capable o f  t r a n s p o r t i n g  t h e  r a d i o a c t i v e  m a t e r i a l .  
I n c l u d e d  i n  t h e  f l u i d s  w i t h  such c h a r a c t e r i s t i c s  a r e  o i l ,  f r e s h  and s a l t  
water-base muds. 

Acc u racy  

Time measurements recorded f o r  t h e  d e t e r m i n a t i o n  o f  f l o w  v e l o c i t y  
i n t o  t h e  zone can be measured t o  t h e  neares t  .01 second by c e r t a i n  
systems. 

The accuracy o f  t h e  

R e l i a b i l i t y  

Tool i s  very  r e l i a b  

Avai 1 a b i  1 i t y  

Tool i s  r e a d i l y  ava 

h e i g h t  d e t e r m i n a t i o n  i s  g e n e r a l l y  good. 

e. 

l a b l e .  

Dresser-At1 as , "Nuclear F l o l  og /T race r log "  
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F i g u r e  30 shows a l o s t  c i r c u l a t i o n  zone de tec ted  a t  a depth o f  
4,144 f e e t  us ing  r a d i o a c t i v e  t r a c e r s .  The gamma r a y  s i g n a l  was much 
h i g h e r  a t  t h i s  depth because o f  t h e  r a d i o a c t i v i t y  o f  t h e  f l u i d  which had 
leaked  o f f  i n t o  t h e  l o s t  c i r c u l a t i o n .  

F i g u r e  30. Rad ioac t i ve  Tracer  Survey 
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TOOL NAME - RAD I OACT I VE TRACER LOG 

Subelement 
Raw Subelement Weighted Element 

Score Weight Score Weight Criteria 

Element 
Weighted 

Score 

PERFORMANCE 

Locate lost circulation zone 
Find depth 

* Determine orientation 

Quantify zone size 
Height 
Width 
Flow rate into zone 

Operate in geothermal well 
e Temp. rating 

Pressure rating 
Mud wtltype 

Accuracy 
0 Tool accuracy 

Locate zone 
Quantify zone 

Reliability 

RISK 

Stage of development 
0 Temp. rating 
e Pressure rating 
0 Mud wt/type 

Design approach 
Locate zone 
Quantify zone 

Experience/Testing 

COST 

A V A l  LABILITY 

Ls 

!? 7 100%' 

/@ 100% 

I 
Category 
Weight 
1 

Category 
Score 

X .50 = 

x .20 = 

x .IO = 

x .20 = 

Raw score range 

Medium 
0 - 3  8 - 1 0  

Final score 

3 3  

/r 
. 9  

2.0 

7.7 

> 
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Name o f  Tool :  Spinner  Survey 

Type : Mechanical 

t 

G3 

Manufac turer :  Baker P roduc t i on  Serv ices,  The GO Company, 
Schl umberger, Dresser -At las ,  NL McCullough, 
Pengo, Kuster ,  Worth Systems 

cos t :  Approx imate ly  $3,300 per  run  

S t a t e  o f  Development : A v a i l a b l e  i n  models t h a t  opera te  a t  tempera- 
The m a j o r i t y  o f  t o o l s  opera te  t u r e s  t o  500°F. 

a t  350-400°F, 18,000 p s i .  

The 500°F t o o l  s o f  Dresser-At  1 as , Kuster ,  and 
Schl umberger r e q u i r e  spec ia l  cab1 e. 

The Go Company has scheduled t e s t i n g  o f  550°F 
p r o t o t y p e  f o r  l a t e  1980. I f  success fu l  t h e  
t o o l  w i l l  be i n t roduced  cornmercial ly. 

General Descr i  P t  i o n  : 

The Spinner  Survey i s  c a r r i e d  o u t  by runn ing  a smal l  , c e n t r a l i z e d  
sp inner  attachment i n t o  t h e  boreho le  on a conductor  cab le  i n  such a way 
t h a t  t h e  low i n e r t i a  i m p e l l e r  t u r n s  o r  sp ins  i f  t h e r e  i s  any mot ion  i n  
t h e  mud. The. r o t a t i o n a l  v e l o c i t y  o f  t h e  moving i m p e l l e r  i s  p r o p o r t i o n a l  
t o  t h e  v e l o c i t y  o f  t h e  f l u i d  and i s  r e l a t e d  t o  t h e  v o l u m e t r i c  f l o w  r a t e .  

Los t  c i r c u l a t i o n  zones can be l o c a t e d  by two methods: w n n i n g  t h e  
t o o l  th rough t h e  f l o w  stream o r  r e c o r d i n g  s t a t i o n a r y  measurements. 

The f i r s t  techn ique r e q u i r e s  t h a t  t h e  d i r e c t i o n  o f  t o o l  t r a v e l  be 
w i t h  t h e  f l u i d  f l o w  a t  h i g h  v e l o c i t i e s  and a g a i n s t  t h e  f l u i d  f l o w  i n  low 
f l u i d  v e l o c i t i e s .  Zones a r e  l o c a t e d  when t h e r e  a r e  changes i n  sp inne r  
speed f rom 100% f l o w  o r  changes i n  abso lu te  f l o w  ra te .  100% f l o w  i s  
e s t a b l i s h e d  near  t h e  su r face  a t  a p o i n t  where t h e  d iameter  o f  t h e  h o l e  
and f l o w  r a t e  a r e  a c c u r a t e l y  known. 

The second techn ique p rov ides  t h e  most accu ra te  r e s u l t s .  The 
A pack ing  g land i s  

Mud i s  then pumped i n t o  t h e  cas ing  a t  pressures 
I f  r o t a t i o n  o f  t h e  :spinner i s  recorded,  

sp inne r  i s  lowered i n t o  t h e  h o l e  t o  a g i ven  depth. 
c losed  around t h e  l i n e .  
s u f f i c i e n t  t o  cause f l u i d  l o s s .  
t h e  p o i n t  o f  l o s s  i s  below t h e  t o o l .  

By r a i s i n g  and l o w e r i n g  t h e  p o s i t i o n  o f  t o o l ,  f o l l o w e d  by t h e  pump- 
i n g  procedure, t h e  zone can be l o c a t e d  t o  w i t h i n  a f o o t  o r  two. 

Spinner  surveys can be run  , i n  open and cased holes.  They a re  
accura te  i n  s i n g l e  phase f low.  Mu l t i -phase f l o w  cain l e a d  t o  erroneous 
i n t e r p r e t a t i o n  because o f  t h e  d i f f e r e n t  r o t a t i o n a l  energ ies  o f  t h e  
phases. 
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A b i l i t v  t o  Locate  L o s t  C i r c u l a t i o n  Zones 

A good t o o l  f o r ' l o c a t i n g  l o s t  c i r c u l a t i o n  zones p rov ided  the  amount 
o f  l o s t  c i r c u l a t i o n  m a t e r i a l  i n  t h e  mud i s  small .  Large, f l a k y ,  f i b r o u s  
m a t e r i a l  can c l o g  t h e  i m p e l l e r  w i t h  t h e  r e s u l t  o f  fa1 se i n fo rma t ion .  

The t o o l  has no c a p a b i l i t y  t o  determine t h e  o r i e n t a t i o n  o f  t h e  zone 
t a k i n g  mud. 

C a p a b i l i t y  t o  Q u a n t i f y  S ize  o f  Zone and Rate o f  Loss 

i n t o  t h e  zone. 
The t o o l  g i v e s  the  h e i g h t  o f  t h e  zone and t h e  magnitude o f  f l o w  

A poor  t o o l  f o r  d e r i v i n g  w i d t h  o f  t h e  zone. 

C a p a b i l i t y  t o  Operate i n  Geothermal Well 

Due t o  t h e  mechanical n a t u r e  o f  t h e  t o o l  and t h e  success o f  h i g h  
temperature w i r e  l i n e ,  most t o o l s  can w i t h s t a n d  temperatures up t o  
500OF. Sandia has a 550°F p r o t o t y p e  f l o w e t e r .  Tool can opera te  i n  any 
l i q u i d  d r i l l i n g  f l u i d  o r  l i q u i d / g a s  f l u i d  a l though t h e  two phase system 
a f f o r d s  less accura te  i n f o r m a t i o n .  

Accuracy 

Depending on t h e  manufacturer ,  t h e  t o o l ' s  s e n s i t i v i t y  t o  s i n g l e  
phase f l o w  ranges f rom 10 f t / m i n  t o  1 f t / m i n .  These s e n s i t i v i t e s  a r e  
f o r  op t ima l  c o n d i t i o n s .  The accuracy o f  measurements ob ta ined  and the  
s e n s i t i v i t y  o f  t h e  t o o l  a re  s t r o n g l y  dependent upon severa l  f a c t o r s  and 
are,  t h e r e f o r e ,  v a r i a b l e .  Among these are: 

. v e l o c i t y  o f  f l u i d  vs. h o l e  s i z e  

v i s c o s i t y  o f  t h e  f l u i d ,  and 

c o n d i t i o n  o f  t h e  bo reho le  w a l l .  

Mu1 t i - phase  f l  ow r e q u i r e s  much h i g h e r  th resho l  d f l  ow r a t e s  i f  
u s e f u l  measurements a re  t o  be obta ined.  Vo lumet r ic  f l o w  r a t e s  i n t o  t h e  
l o s s  zones a r e  much more accu ra te  i n  cas ing  than i n  open hole.  A l l  open 
h o l e  l o g s  shou ld  be c o r r e l a t e d  w i t h  a c a l i p e r  l o g  r u n  over  t h e  same 
i n t e r v a l  s . 
Re1 i a b i l  i t y  

The t o o l  i s  r e l i a b l e  when r u n  i n  c lean,  c l e a r  f l u i d s  i n s i d e  
cas ing.  R e l i a b i l i t y  i s  reduced i n  open h o l e  use. The t o o l  i s  
susceptab le  t o  c l o g g i n g  by m a t e r i a l  added t o  t h e  mud i n  o r d e r  t o  p l u g  
l o s t  c i r c u l a t i o n  zones o r  f rom t h e  b u i . l d  up o f  c u t t i n g s  assoc ia ted  w i t h  
l o s t  c i r c u l a t i o n .  
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TOOL NAME - S P I N N E R  SURVEY 

Poor Medium Good 
0 - 3  4 - 7  8 - 10 

Criteria 

Final score 

PERFORMANCE 

Locate lost circulation zone 
Find depth 

0 Determine orientation 

Quantify zone size 
Height 

0 Width 
Flow rate into zone 

Operate in geothermal well 
0 Temp. rating 
e Pressure rating 
0 Mud wtt type 

Accuracy 
e Tool accuracy 
e Locate zone 
0 Quantify zone 

Reliability 

RISK 

Stage of development 
Temp. rating 
Pressure rating 

0 Mud wtttype 

Design approach 
0 Locate zone 
0 Quantify zone 

ExperiencetTesting 

COST 

AVAILABILITY 

Subelement Element 

Score Weight 

33% 3.0 
33% 3.0 

9 

/o 100% 

I Raw score range I 

Category 
Weight 

X .50 = 

x .20 = 

x . lo = 

-- 

x .20 = 

Category 
Score 

3 0  4 

/* 7 

Q 

, 

. 
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Name o f  Too l :  Spi nner-Temperature Survey 

Type: 
u 

Manufacturer :  

c o s t :  

S t a t e  o f  Development: 

General Descr i  D t i o n :  

Combination , Mechanical and E l e c t r i c a l  

Kuster,  DIA-LOG, Dresser-At las,  
The GO Company, NL McCul lough, Schl umberger , 
Worth Systems 

$3,800 pe r  r u n  

Systems a v a i l a b l e  t h a t  ope ra te  up t o  500"F, 
20,000 p s i  

The Sp i n ne r - Tempe r a t  u r e  Su r vey comb i na t i on p r o v  ii des mea s u remen t s o f  
two downhole parameters, temperature and f l u i d  v e l o c i t y .  These param- 
e t e r s  can be measured s imu l taneous ly  o r  s e q u e n t i a l l y ,  a t  s t a t i o n s  o r  
under dynamic c o n d i t i o n s .  The techn ique  f o r  l o c a t i n g  and q u a n t i f y i n g  
zones o f  l o s s  i s  e s s e n t i a l l y  t h e  marr iage o f  t h e  tec:hniques used i n  t h e  
independent o p e r a t i o n s  o f  t h e  two t o o l s .  For f u r t h e r  d e t a i l s ,  see 
temperature l o g  and sp inne r  surveys i n  t h i s  appendix., 

A b i l i t v  t o  Locate Los t  C i r c u l a t i o n  Zones 

A good t o o l  f o r  l o c a t i n g  l o s t  c i r c u l a t i o n  zones. 
e i t h e r  an independent temperature o r  sp inne r  survey. The 
each t o o l  p rov ides  enhances t h e  i n t e r p r e t a t i o n  o f  t h e  o the r .  

Supe r i  o r  t o  
i n f o r m a t i o n  

C a p a b i l i t y  t o  Q u a n t i f y  S i ze  o f  Zone and Rate o f  Loss 

The survey determines t h e  h e i g h t  and f l o w  r a t e  i n t o  t h e  zone. 
w i d t h  o f  t h e  zone i s  unresolved. 

The 

C a D a h i l i t v  t o  ODerate i n  Geothermal Well  

Operat ions up t o  500°F o r  h i g h e r  temperature c a p a b i l i t i e s  a r e  
f e a s i b l e  w i t h  525-570°F t o o l s  under development. Spinner i s  n o t  
recommended f o r  use when l o s t  c i r c u l a t i o n  m a t e r i a l  has been added t o  t h e  
mud. 

185 



Accuracy 

See temperature logs and spinner surveys for accuracy o f  the 

The accuracy of  the height determination i s  very good. 

components. 

Re1 iabil i t y  

The temperature survey i s  very reliable.  While the re i ab i l i t y  of  
the spinner survey i s  dependent upon the conditions o f  the borehole. 
See spinner survey. 

Avail abil i t v  

Widely available as a production stock system. 

A 
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TOOL NAME - S P I N N E R  TEMPERATURE SURVEY 

Criteria 

PERFORMANCE 

Locate lost circulation zone 
Find depth 
Determine orientation 

Quantify zone size 
Height 
Width 
Flow rate into zone 

Operate in geothermal well 
Temp. rating 
Pressure rating 
Mud wtltype 

Accuracy 
Tool accuracy 
Locate zone 
Quantify zone 

Reliability 

RISK 

Stage of development 
Temp. rating 
Pressure rating 
Mud wtl type 

Design approach 
Locate zone 
Quantify zone 

ExperienceITesting 

COST 

AV AI LA BI L ITY 

Raw 1 Subelement 
Score Weight 

Subelement 
Weighted Element Weighted I Weight Score I ‘2:; 

B 80% 
/ 20% 

7- 

8 loo%$ 

/D 100% 

Raw score range 

Poor Medium Good 
0 - 3  4 - 7  8 - 1 0  

Category 
Weight 

X .50 = 

x .20 = 

x .10 = 

x .20 = 

Final score 

Category 7 Score 

3.6 

7 

. B  
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Name o f  Tool :  

Type: 

Manufacturer :  

. 

c o s t :  

S t a t e  o f  Development: 

Spontaneous P o t e n t i a l  Logs 

E l  e c t  r i  c a l  

B i  rdwel 1 , Dresser-At1 as , Gearhart-Owen, 
Hal 1 i b u r t o n  , Schl umberger 

L i t h o l o g i c  l o g  run  w i t h  o t h e r  t o o l s .  

E s s e n t i a l l y  no temperature l i m i t a t i o n s .  Can 
be run  up t o  t h e  temperatures l i m i t a t i o n s  o f  
t h e  cable.  

Genera 1 Desc r i  p t  i on : 

The Spontaneous P o t e n t i a l  ( S P )  Log, measures t h e  p o t e n t i a l  d i f f e r -  
ence between a movable downhole e l e c t r o d e  and a f i x e d  p o t e n t i a l  s u r f a c e  
e l e c t r o d e .  It can o n l y  be used i n  uncased p o r t i o n s  o f  a hole.  For  SP 
ope ra t i on ,  t h e  borehole must be f i l l e d  w i t h  conduc t i ve  mud t o  p r o v i d e  
e l e c t r i c a l  c o n t i n u i t y  between e l e c t r o d e  and f o r m a t i o n  and t o  p r o v i d e  
ions.  Furthermore, t h e  d i f f e r e n c e s  between mud arid f o r m a t i o n  r e s i s t i -  
v i t i e s  must be l a r g e  i f  s u f f i c i e n t  f e a t u r e  i s  t o  be d i s p l a y e d  on t h e  
graph. 

To date, t h e  SP l o g s  p r imary  use has been t o  d i f f e r e n t i a t e  rock 
fo rma t ions  and p r o v i d e  c o r r e l a t i o n  w i t h  other- survey equipment. 
Unconvent ional  a p p l i c a t i o n s  i n c l u d e  f r a c t u r e  d e t e c t i o n  and p o s s i b l e  
i d e n t i f i c a t i o n  o f  l o s t  c i r c u l a t i o n  zones. 

F r a c t u r e s  f i l l e d  w i t h  conduc t i ve  mud, t h a t  may be assoc ia ted  w i t h  
l o s t  c i r c u l a t i o n ,  o f t e n  r e s u l t  i n  e r r a t i c  b e h a v i o r  o f  t h e  SP. I n  h a r d  
fo rma t ions ,  t h e  SP i s  o f t e n  n o t  r e l i a b l e  and should o n l y  be used as a 
check o f  o t h e r  f r a c t u r e  i n d i c a t o r s .  

SP l o g s  can p o s s i b l y  be used t o  l o c a t e  l o s t  c i r c u l a t i o n  zones by 
measuring t h e  a l g e r b r a i c  sum o f  e l e c t r o k i n e t i c ,  e lec t ro -chemica l ,  t e l -  
l u r i c  and e l e c t r o d e  p o t e n t i a l s .  The techn ique  c o u l d  c o n s i s t  o f  t h e  
f o l  1 owing steps. 

The f i r s t  s tep  i s  t o  survey t h e  w e l l  when t h e  mud i s  be ing  pumped 
down a t  a cons tan t  r a t e .  The w e l l  i s  logged up and down u n t i l  t h e  SP 
r e s u l t s  a re  repea tab le  t o  w i t h i n  3 mv. Logging speed should be f a s t  - 
100 f t / m i n  - t o  reduce d r i f t  caused by r e l a t i v e  f l u i d  movement pas t  t h e  
t o o l  and a l s o  t o  reduce t h e  p r o b a b i l i t y  o f  r e c o r d i n g  spu r ious  noise.  

The nex t  s tep  r e q u i r e s  l o g g i n g  t h e  w e l l  under s t a b i l i z e d  s t a t i c  
f l u i d  c o n d i t i o n s .  



General D e s c r i p t i o n  ( con t inued) :  

The SP l o g  d e t e c t s  l o s t  c i r c u l a t i o n  zones by measuring t h e  change 
i n  t h e  e l e c t r o k i n e t i c  p o t e n t i a l  caused by f l u i d  f l o w  f rom t h e  we l l bo re  
i n t o  t h e  format ion.  Th is  p o t e n t i a l  i s  t h e  o n l y  p o t e n t i a l  a f f e c t e d  by 
f l u i d  f low.  Hence, t h e  d i f f e r e n c e  i n  t h e  measurements between Step 1 
and Step 2 y i e l d s  a va lue  f o r  t h e  induced e l e c t r o k i n e t i c  vo l tage  and t h e  
l o c a t i o n  o f  t h e  zone respons ib le  f o r  t h i s  vo l tage.  

Another v a r i a t i o n  o f  t h i s  method i s  t o  make two runs, w h i l e  apply-  
i n g  pressure  a t  t h e  wellhead, under d i f f e r e n t  heads o f  f l u i d .  Th is  a l s o  
a l l o w s  t h e  e l e c t r o k i n e t i c  c o n t r i b u t i o n  t o  t h e  SP t o  be i s o l a t e d  and 
examined. 

The SP t o o l  i s  run  on w i r e  l i n e .  The above techn ique r e q u i r e s  a 
p r i o r  SP base l o g  f o r  comparison purposes. 

A b i l i t y  t o  Locate  L o s t  C i r c u l a t i o n  Zones 

Under t h e  proper  c o n d i t i o n s ,  t h e  SP l o g  may be a b l e  t o  l o c a t e  l o s t  
c i r c u l a t i o n  zones. I t s  behav io r  i n  f r o n t  o f  f r a c t u r e  zones, t h a t  may be 
the cause o f  lost circulation, is well documented. Additionally, the SP 
has been used t o  l o c a t e  zones t a k i n g  f l u i d s  i n  i n j e c t i o n  we l l s .  Th i s  
s i t u a t i o n  i s  q u i t e  s i m i l a r  t o  l o s t  c i r c u l a t i o n  d e t e c t i o n  and lends  p lau-  
s i b i l i t y  t o  t h i s  a p p l i c a t i o n .  

C a p a b i l i t y  t o  Q u a n t i f y  S ize  o f  Zone and Rate o f  Loss 

May p r o v i d e  i n f o r m a t i o n  on t h e  v e r t i c a l  e x t e n t  o f  t h e  zone. F i e l d  
t e s t i n g  i s  r e q u i r e d  t o  c o n f i r m  t h i s  c a p a b i l i t y .  The w i d t h  o f  t h e  zone 
i s  undetermined by t h i s  method. No genera l  c o r r e l a t i o n  e x i s t s  between 
t h e  SPK and f l o w  r a t e  s i n c e  t h e  p r o p o r t i o n a l i t y  cons tan t  responds t o  
changes i n  p e r m e a b i l i t y ,  bed t h i c k n e s s  and a h o s t  o f  o t h e r  fo rma t ion  
fac to rs .  

C a p a b i l i t y  t o  Operate i n  Geothermal Well 

Capable o f  o p e r a t i n g  up t o  t h e  tempera ture  l i m i t a t i o n s  o f  t h e  
cable.  Able t o  ope ra te  i n  a l l  f l u i d s  t h a t  e x h i b i t  s u f f i c i e n t  con- 
d u c t i v i t y  r e q u i r e d  f o r  opera t ion .  But i t  may n o t  be r u n  i n  o i l - b a s e  
muds, gas o r  a i r .  

Acc u racy  

The techn ique has de tec ted  f l o w  r a t e s  as low as 70 b b l l d a y  i n  t h e  
Wasson San Andres f i e l d ,  and appears t o  have t h e  s e n s i t i v i t y  t o  i n d i c a t e  
major  l o s t  c i r c u l a t i o n  zones. The S P Y  however, i s  r e l a t e d  l i n e a r l y  t o  
t h e  r e s i s t i v i t y  va lue  o f  t h e  d r i l l i n g  f l u i d .  Accord ing ly ,  t h e  lower  t h e  
r e s i s t i v i t y  t h e  h i g h e r  t h e  minimum d e t e c t a b l e  f l o w  r a t e .  

0 
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Re1 i a b i l  i ty 

. 
4 

t. 

SP has no moving p a r t s  and i s  n o t  s u b j e c t  t o  breakdown. 

A v a i l a b i l i t y  

Widely a v a i l  ab le .  

- - - - ._ - - - - Stolic SPdiqrom--polentiol In mud when s p  
currents ore prevented from f lowmq 

- SP log-potentiol in mud when SPcurrents 
ore flowing 

F i g u r e  32. Schematic o f  SP Log 

These c u r r e n t s  a re  t h e  r e s u l t  o f  t h e  “ b a t t e r y  e f f e c t ”  caused by s a l i n i t y  
d i f f e r e n c e s  and e l  e c t r o l y t e  movement th rough permeabl e membranes. 



TOOL NAME - SPONTANEOUS P O T E N T I A L  LOGS 

Subelement 
Raw Subelement Weighted Element 

Score Weight Score Weight 

-~ 

Criteria 

Element 
Weighted 

Score 

PERFORMANCE 

Raw score range 

Poor Medium Good Final score 
0 - 3  4 - 7  8 - 10 

1 

Locate lost circulation zone 
Find depth 
Determine orientation 

Quantify zone size 
Height 
Width 
Flow rate into zone 

Operate in geothermal well 
Temp. rating 
Pressure rating 
Mud wtltype 

Accuracy 
Tool accuracy 
Locate zone 
Quantify zone 

Reliability 

RISK 

Stage of development 
Temp. rating 
Pressure rating 
Mud wtltype 

Design approach 
Locate zone 
Quantify zone 

ExperienceITesting 

COST 

AVAILABILITY 

50% 

/o 100% 

Category 
Weight 

X .50 = 

x .20 = 

x .IO = 

x .20 = 

Category 
Score 

2.7 

A@ 

A 8  

2.8 

6.7 
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Name o f  Tool :  S t r a d d l e  Packer 

Type: Mechanical 

Manufacturer :  Arrow O i l  Tools,* Baker Serv i ce  Tools,* Brown 
O i l  Top1 s ,* Johnson D iv .  o f  Schl umberger,* 
Lynes, OTIS,* Tam I n t e r n a t i o n a l  

t 

4, 

t 

.Bs 

c o s t :  $2,000 f o r  cased ho les  and approx imate ly  
$3,000 f o r  open h o l e  use 

S t a t e  o f  Devel opment: Most packers a r e  r a t e d  f o r  temperatures up t o  
25OOF. Lynes S t radd le  packer  opera tes  up t o  
350°F f o r  pe r iods  n o t  exceeding 5-10 hours.  

Tam i s  deve lop ing  a new i n f l a t a b l e  s t r a d d l e  
packer  w i t h  a goal o f  500°F. 

General D e s c r i P t i o n :  

The general d e s c r i p t i o n  p r i m a r i l y  a p p l i e s  t o  the  Lynes t o o l  as w e l l  
as does the  i n f o r m a t i o n  under t h e  headings t h a t  f o l l o w .  

S t r a d d l e  packers a r e  used f o r  above- too l  and bel  ow-too l  t rea tmen t  
ope ra t i ons  and f o r  l o c a t i n g  l eaks ,  t h i e f  zones and water .  

Ex te rna l  l y ,  t h e  s t r a d d l e  packer  cons i  s t s  o f  two s t e e l  r e i n f o r c e d  
rubber  packers mounted on a p o r t e d  s t e e l  housing. These packers a re  i n -  
f l a t e d  w i t h  f l u i d  and make a p o s i t i v e  seal w i t h  t h e  bo reho le  w a l l  , which 
i s  made t i g h t e r  as more d i f f e r e n t i a l  p ressure  i s  exe r ted  across t h e  ends 
o f  t he  e l  emen t s .  

I n s i d e  the  housing, a p o r t e d  mandrel extends t h e  l e n g t h  o f  t h e  
t o o l .  

A h y d r a u l i c  p o s i t i o n i n g  dev i ce  l o c a t e d  above a;nd below each packer 
element p r o v i d e s  t h e  means by which t h e  mandrel may be moved and l o c k e d  
i n t o  f i v e  i n -1  i n e  p o s i t i o n s .  These p o s i t i o n s  p e r m i t  t h e  i n f l  a t i o n  o f  
t he  packers, a l l o w  each p o r t  t o  be opened i n d i v i d u a l l y  t o  t h e  w e l l b o r e  
(above, below, and between t h e  e lements) ,  and f i n a l l y  a l l o w  t h e  t o o l  t o  
be unset  by d e f l a t i o n  o f  t h e  elements. 

The techn ique f o r  l o c a t i n g  l o s t  c i r c u l a t i o n  zones i s  s t r a i g h t -  
forward. The t o o l  i s  r u n  t o  t h e  p o i n t  o f  i n t e r e s t  and t h e  packers 
i n f l a t e d  t o  s e t  t h e  t o o l  and i s o l a t e  t h e  zone. Dur ing  the  i n f l a t i o n  
process, i t  i s  d e s i r a b l e  t o  choose a system t h a t  a l l o w s  t h e  deve lop ing  
"squeeze pressure"  t o  be b l e d  o f f .  T h i s  pressure,  caused by t h e  f o r c e  
the  i n f l a t i n g  packers e x e r t  on t h e  t rapped f l u i d  column, can damage t h e  

* These t o o l s  use we igh t - se t  compression packers. These elements a r e  
recommended f o r  use i n  cased ho le .  
w i d t h  and l a c k  o f  s u f f i c i e n t  e l a s t i c i t y  can r e s u l t .  i n  poor  s e a l i n g  
performance. 

The Lynes I n f l a t a b l e  T r e a t i n g  and T e s t i n g  Tool has spec ia l  f e a t u r e s  i n  
des ign and i n  c a p a b i l i t i e s  n o t  found i n  most o the r  t o o l s .  

I n  open ho le ,  t h e i r  narrow s e a l i n g  
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General D e s c r i p t i o n  ( con t inued)  : 

f o m i a t i o n  t o  the  p o i n t  o f  b reak ing  i t  down, i f  n o t  r e l i e v e d .  The man- 
d r e l  i s  then p u l l e d  up and l o c k e d  i n  t h e  p o s i t i o n  t h a t  a l l ows  f l u i d  f l o w  
between the  packers. F l u i d  i s  then s l o w l y  pumped th rough the  t o o l  i n t o  
t h e  zone a t  p ressures  comparable t o  those no rma l l y  assoc ia ted  a t  t h a t  
p o i n t  d u r i n g  c i r c u l a t i o n ,  o r  a t  s l i g h t l y  g r e a t e r  va lues.  I f  t h e  zone 
w i l l  take  f l u i d ,  a measurable p ressure  drop w i l l  occur. Knowing t h e  
r a t e  o f  pumping and the  s i z e  o f  t h e  i n j e c t i o n  p o r t s ,  t h e  r a t e  o f  l o s s  
can be determined. The h e i g h t  o f  t h e  zone can be bracketed  t o  w i t h i n  
t h e  l e n g t h  o f  spac ing between t h e  packers. 

I n  normal ope ra t i ons ,  t h e  t o o l  i s  r u n  on t u b i n g  o r  d r i l l  p i p e  and 
can be used i n  b o t h  open and cased ho les .  

A b i l i t v  t o  Locate L o s t  C i r c u l a t i o n  Zones 

A good t o o l  f o r  l o c a t i n g  l o s t  c i r c u l a t i o n  zones i n  b o t h  open and 
cased hol  es. 

Capability to  Quantify Size o f  Zone and Rate o f  Loss 

The t o o l  can b r a c k e t  t h e  h e i g h t  o f  t h e  zone t o  w i t h i n  t h e  spacing 
between t h e  packers. Spacing i s  v a r i a b l e ,  b u t  cannot  be changed 
downhole. Prov ides  good e s t i m a t i o n  o f  t h e  r a t e  o f  l o s s  i n t o  t h e  zone. 
Unable t o  determine t h e  w i d t h  o f  t h e  zone. 

Capabi l  i t y  t o  Operate i n  Geothermal We1 1 

Operates a t  temperatures up t o  350°F f o r  a l i m i t e d  p e r i o d  o f  
t ime. May be r u n  i n  any d r i l l i n g  f l u i d .  

Acc u r  acy 

Good, f o r  a p p l i c a t i o n  s ta ted .  

Re1 i a b i l  i ty  

The t o o l  i s  mechanical i n  des ign  and i s  r e l i a b l e  i n  ope ra t i on .  

The major  problem assoc ia ted  w i t h  packers, becoming s tuck  i n  t h e  
horeho l  e, has been min imized by p r o v i d i n g  g r e a t e r  c lea rance  between t h e  
wa l l  and t h e  o u t e r  housing o f  t h e  t o o l .  

A v a i l  a b i l  i t y  

Widely a v a i l a b l e  i n  b o t h  compression and n f l  a t i o n  designs. 

. 
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In Inflating the Open tool Open below Equaiizlng the Deflating 
~le#neiits betwean eiements the tool different181 the slemeflts 

197 



TOOL NAME - STRADDLE PACKER 

Criteria 

PERFORMANCE 

Locate lost circulation zone 
Find depth 
Determine orientation 

Quantify zone size 
Height 
Width 
Flow rate into zone 

Operate in geothermal well 
Temp. rating 
Pressure rating 
Mud wtltype 

Accuracy 
Tool accuracy 
Locate zone 

* Quantify zone 

Re1 iability 

RISK 

Stage of development 
Temp. rating 
Pressure rating 
Mud wt/type 

Design approach 
Locate zone 
Quantify zone 

Experience/Testing 

c OS1 

AVAILABILITY 

Subelement 
Subelement Weighted Element Weighted :E Weight 1 Score I Weight I '2;: 

100% 34.0% a. 7 
I./ 

f 100%' 

/ i  100% 

Category Category 
Weight I Score 

X .50 = 

x .20 = 

x .10 = 

x .20 = kr-ml Raw score range 

Final score 
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Name o f  Tool :  Temperature Log 

Type: E l e c t r i c a l  

Manufacturer :  

c o s t :  

Baker P roduc t i on  Serv ices,  B i  r d w e l l  , DIA-LOG, 
Dresser-At las,  The GO Company, Geophysical 
Research , Hal 1 i b u r t o n  , Kust;er, NL McCul 1 ough, 
Pengo , Schl umberger 

$3,200 pe r  r u n  

S t a t e  o f  Development: The m a j o r i t y  o f  temperature l o g g i n g  dev ices 
a r e  e f f e c t i v e  up t o  4OO0F, 15-20,000 p s i .  
Systems a r e  a v a i l a b l e  that :  can opera te  up t o  
500"F, 20,000 p s i .  

The Dresse r -A t las  t o o l  has a 550°F temperature 
1 og. 

The Go Company w i l l  o f f e r  a 550°F t o o l  by 
1981. 

General Desc r i  D t i o n  : 

The use o f  temperature l o g s  t o  l o c a t e  l o s t  c i r c u l a t i o n  zones i s  a 
technique t h a t  i s  bo th  w e l l  understood and w i d e l y  p r a c t i c e d .  The t o o l  
i s  composed o f  a h i g h l y  s e n s i t i v e  element which c o n t i n u o u s l y  measures 
t h e  temperature o f  t h e  d r i l l  hole.  I n f o r m a t i o n  i s  sent  up-hole on w i r e  
l i n e  where a reco rd  o f  t h e  a b s o l u t e  and d i f f e r e n t i a l  temperature ( b o t h  
p l o t t e d  vs .  depth)  i s  obta ined.  

The general  method f o r  l o c a t i n g  l o s t  c i r c u l a t i o n  zones r e q u i r e s  two 
temperature surveys. The f i r s t  survey i s  used t o  determine t h e  tempera- 
t u r e  g r a d i e n t  o f  t h e  w e l l  when mud and f o r m a t i o n  a r e  i n  temperature 
e q u i l i b r i u m .  Cool mud i s  then  pumped i n t o  t h e  w e l l .  Pressure i s  ap- 
p l i e d ,  i f  necessary, t o  f o r c e  some o f  t h e  mud i n t o  t h e  format ion.  A 
second temperature l o g  i s  immediate ly  run  t h e r e a f t e r .  Zones o f  l o s t  
c i r c u l a t i o n  w i l l  appear as temperature d e v i a t i o n s  f rom t h e  base run. 
These anomalies a r e  due t o  t h e  c o o l i n g  e f f e c t  o f  t h e  mud as i t  invades 
t h e  format ion.  The ins t rumen t  can be run  i n  open and cased ho les  and 
i t s  o p e r a t i o n  i s .  u n a f f e c t e d  by l o s t '  c i r c u l a t i o n  m a t e r i a l  i n  t h e  mud. 
F i g u r e  35 shows schematic o f  t h e  Gearhart-Owen temperature l o g g i n g  t o o l  
and su r face  module. 
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A b i l i t y  t o  Locate  L o s t  C i r c u l a t i o n  Zones 

Good t o o l  f o r  t h e  p r imary  l o c a t i o n  o f  l o s t  c i r c u l a t i o n  zones. 
Should be used when t h e  r a t e  o f  l o s s  i s  s u b s t a n t i a l .  Prov ides  no 
i n f o r m a t i o n  on the  o r i e n t a t i o n  o f  t h e  zone. 

C a D a b i l i t v  t o  Ouan t i f v  S ize  o f  Zone and Rate o f  Loss 

The t o o l s '  a b i l i t y  t o  d e f i n e  t h e  h e i g h t  o f  t h e  zone i s  dependent 
upon severa l  f a c t o r s .  I m p o r t a n t  among these are:  

. t h e  way i n  which f l u i d  e n t e r s  and i s  subsequent ly  
i n  the  zone, and 

t h e  magnitude o f  t h e  anomaly. 

The t o o l  has been r u n  i n  w e l l s  t o  l o c a t e  
w i t h  t h e  f o l  1 owing r e s u l  t s .  

o s t  c i r c u l a t  

d i s t r i b u t e d  

on problems 

. u p p e r  level  o f  the zone o f  l o s t  c i r c u l a t i o n  ind ica ted  

o n l y  l ower  l e v e l  i n d i c a t e d  

t h e  h e i g h t  o f  t h e  zone i s  a c c u r a t e l y  determined 

It s u f f i c e s  t o  say t h a t  a l l  these s i t u a t i o n s  can occur  i n  any 
p a r t i c u l a r  w e l l ,  a1 though c lean,  w e l l  behaved sands p robab ly  o f f e r  t h e  
most accura te  h e i g h t  de te rm ina t ions .  

The t o o l  can p r o v i d e  q u a l i t a t i v e  r e s u l t s  o f  t h e  f l o w  r a t e  i n t o  t h e  
zone. Temperature f l o w  p r o f i l i n g  and computer programming can be used 
i n  c e r t a i n  c i rcumstances and p r o v i d e  b e t t e r  f l o w  r a t e  es t imates .  

I n  open h o l e  t h e r e  e x i s t s  no temperature l o g g i n g  dev i ce  which can 
p r o v i d e  w i d t h  de te rm ina t ions .  I n  cased ho le ,  an approx imate w i d t h  o f  
t h e  l o s t  c i r c u l a t i o n  zone ( a  zone accep t ing  f l u i d  th rough  cas ing  l e a k s  
o r  i n  communication w i t h  open h o l e  zone t a k i n g  f l u i d )  i s  f e a s i b l e  w i t h  
t h e  Rad ia l  D i f f e r e n t i a l  Temperature Log. 

Capabi l  i t y  t o  Operate i n  Geothermal Well 

Opera t iona l  c a p a b i l i t y  up t o  500°F. Tool can be r u n  i n  any 
d r i l l i n g  f l u i d  and i s  u n a f f e c t e d  by m a t e r i a l s  added t o  t h e  mud i n  o r d e r  
t o  t ry  t o  e f f e c t  a c u r e  o f  l o s t  c i r c u l a t i o n .  Higher  temperature 
c a p a b i l i t i e s  a re  f e a s i b l e .  
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Accuracy 
/ \  

Tool accuracy v a r i e s  w i t h  manufacturer .  Commonly t h e  range o f  
accurac ies  i s  f rom *0.01" t o  f 2 O F .  Reso lu t i on  i s  e x c e l l e n t .  As s t a t e d  
above, h e i g h t  and f l o w  r a t e  de te rm ina t ions  a r e  v a r i a b l e  i n  accuracy; t h e  
l a t t e r  t end ing  t o  be much more q u a l i t a t i v e  than q u a n t i t i v e .  

W 

Re1 i a b i l  i t y  

The t o o l  i s  ve ry  r e l i a b l e ,  i n s e n s i t i v e  t o  most tiownhole c o n d i t i o n s .  

A v a i l  a b i l  i ty 

The t o o l  i s  p robab ly  t h e  most e a s i l y  ob ta ined  l o g g i n g  dev i ce  i n  t h e  
i n d u s t r y  . 
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TOOL NAME - TEMPERATURE LOG 
-. 

Subelement 
Raw Subelement Weighted Element 

Score Weight Score Weight Criteria 

Element 
Weighted 

Score 

PERFORMANCE 

Locate lost circulation zone 
Find depth 

0 Determine orientation 

Quantify zone size 
Height 

0 Width 
Flow rate into zone 

Operate in geothermal well 
0 Temp. rating 

Pressure rating 
6 Mud wtltype 

Accuracy 
Tool accuracy 
Locate zone 
Quantify zone 

Reliability 

RISK 

Stage of development 
Temp. rating 
Pressure rating 
Mud wtltype 

Oesign approach 
Locate zone 
Quantify zone 

ExperienceITesting 

COST 

AVAl LAB1 LlTY 

33% 3.0 
33% 3.0 

7 
4 

/o 100% 

I Raw score range 

Category 
Weight 

X .50 = -- 

x .20 = 

x .10 = 

x .20 = 

8 - 1 0  Good I Poor Medium 1 0 - 3  4 - 7  
Final score 

Category 
Score 

3.a 

/ 6  

19 

a. 0 

z7 
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