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ABSTRACT 

Cur ren t ly  West fa1 i sche Be rggewe rk -  
schaftskasse (WBK) o f  West Germany and the Los 
Alamos Nat ional  Laboratory o f  the  Uni ted States 
are j o i n t l y  developing a borehold acoustic 
te lev iewer  f o r  use i n  geothermal wellbores. The 
t o o l  can be described as f i v e  subsystems working 
together t o  produce a borehold image. Each o f  t h e  
subsys tems w i  1 1 be described. 

INTRODUCTION 

The t o o l  d e s c r i b e d  i n  t h i s  paper  i s  an 
extension o f  t h e  SABIS (Scanning Acoustic 
Borehole I m a  e System) developed by WBK (Hinz and 
others, 19833. The new vers ion not on ly  w i l l  be 
temperature hardened f o r  geothermal appl i c a t  ions 
b u t  w i l l  incorporate several new ideas (Dennis, 
1985). General t o o l  spec i f i ca t ions  are found i n  
F i g .  1. The scope o f  t h i s  paper  w i l l  be t o  
describe i n  general the  subsystems o f  t h e  
televiewer. 

The borehole te lev iewer  can be broken i n t o  
f i v e  subsystems. The acoust ic  p a r t  t ransmi ts  and 
r e c e i v e s  each a c o u s t i c  p u l s e  used t o  map t h e  
borehole wal l .  The r e f 1  ected s ignal  i s  processed 
by the downhole e lect ron ics.  Resul t ing data i s  
PCM encoded and t ransmi t ted  t o  t h e  surface v i a  a 
l o g g i n g  cable.  Once t h e  d a t a  a r r i v e s  a t  t h e  
surface, t h e  uphole cont ro l  u n i t  records the  data 
on tape as wel l  as provides t h e  user w i t h  r e a l -  
t i m e  ou tpu ts .  S ince  t h e  d a t a  w i l l  r e s i d e  on 
tape, mission s p e c i f i c  o f f - 1  ine  processing 
procedures are e a s i l y  appl ied. 

I n  a d d i t i o n  t o  mentioned design 
spec i f i ca t ions ,  two o ther  c r i t e r i o n  have been 
addressed. The acoustic p a r t  o f  the  t o o l  has 
been placed as f a r  forward on t h e  t o o l  as 
poss ib le  i n  order t o  prov ide a lllook-down" 
prospect ive (Fig. 1). Also subassembl ies  have 
been modularly designed t o  a i d  i n  f i e l d  assembly. 

ACOUSTIC SUBASSEMBLY 

The acoust ic  system houses two piezo- 
e l e c t r i c  c r y s t a l s  mounted 180" apar t  on a 
r o t a t i n g  block. E i t h e r  t h e  1.3-MHz o r  t h e  
625-KHz c r y s t a l s  may be se lected v i a  t h e  uphole 
c o n t r o l  u n i t .  The c r y s t a l s  a r e  r o t a t e d  i n  a 
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Figure 1. Borehole acoust ic  televiewer. 

s i l i c o n  o i l - f i l l e d  c a v i t y  a t  360 rpm by an ac 
sy n c h r o no u s mot o r  . 

A Tef lon  window maintains separation between 
t h e  s i l i c o n  o i l  and borehole f l u i d s .  Pressure 
b a l a n c e  i s  p r e s e r v e d  u s i n g  a f l o a t i n g  p i s t o n  
arrangement. Communication w i t h  t h e  motor and 
transducer t r a v e l s  through a s l i p  r i n g  assembly 
and a high-pressure connector before reaching t h e  
downhole e lec t ron ics .  

DOWNHOLE ELECTRONICS 

The downhole e l e c t r o n i c s  subsystem i s  based 
around an I n t e l  8085 microprocessor responsib le  
f o r  c o n t r o l  o f  t h e  downhole data c o l l e c t i o n  and 
transmission. Heat developed i n t e r n a l l y  by t h e  
downhole e l e c t r o n i c s  and heat from t h e  
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envi ronment  a r e  s t o r e d  i n  a heat  s ink .  The 
e l e c t r o n i c s  and heat sink are packaged i n  a dewar 
f o r  thermal p ro tec t  ion. 

For each shot the  t r a v e l  t ime o f  t h e  f i r s t  
a r r i v a l  and peak ampli tude o f  t h e  r e f l e c t e d  
s ignal  are measured. To i n i t i a t e  a shot, t h e  
microprocessor t r i g g e r s  t h e  se lected c r y s t a l  w i t h  
a pulse. A f t e r  ringdown, the c r y s t a l  i s  recon- 
f igured  t o  ac t  as a rece iver  o f  t h e  r e f l e c t e d  
s ignal  A t  a predetermined time, the e lec t ron ics  
begin l i s t e n i n g  f o r  t h e  return.  The received 
s i g n a l  i s  processed by an a m p l i f i e r  w i t h  an 
adjustable gain. The peak ampli tude detected i s  
retained. Both the t ime t o  begin the l i s t e n i n g  
window and t h e  a m p l i f i e r  ga in  are determined, 
based on previous shots, by the CPU. 

Travel t ime of t h e  f i r s t  a r r i v a l  i s  t h e  t ime 
between f i r i n g  t h e  c r y s t a l  and t h e  r e f l e c t e d  
s i g n a l  ampl i t u d e  exceed ing  a t h r e s h o l d .  The 
threshold i s  selected based on previous shots. 
To reduce n o i s e  i n  t h e  r e c e i v e d  s i g n a l ,  t h e  
microprocessor synchronizes t h e  s ignal  s d r i v i n g  
t h e  ac motor w i t h  rece iver  a c t i v i t i e s .  This w i l l  
guarantee t h a t  l i s t e n i n g  f o r  a r e t u r n  and 
swi tch ing t h e  motor cur ren t  are mutual ly  
exc l  us i ve events . 

Borehole temperature , temperature ins ide the  
dewar, and output  from t h e  t h r e e  inc l inometers 
represent data required on ly  once per revolut ion.  
A t  s p e c i f i c  t i m e s  d u r i n g  a r e v o l u t i o n ,  t h e s e  
cond i t ions  are sampled and a v a i l a b l e  f o r  
encoding. A mark i s  genera ted  t o  i n d i c a t e  a 
complete r e v o l u t i o n  o f  the  acoustic par t .  Output 
from t h e  f luxgate  c o i l  i s  in te rpre ted  t o  
d e t e r m i n e  which shot  most n e a r l y  a l i g n s  w i t h  
magnetic north. 

For uphole transmission, t h e  peak ampl i t u d e  
and t r a v e l  t ime values are appended together. 
Two add i t iona l  b i t s  are added t o  a l l o w  s e r i a l  
encoding o f  once per revol  u t  ion  parameters. The 
r e s u l t i n g  data word i s  then PCM encoded. 

LOGG I NG CABLE 

The PCM encoded data i s  t ransmi t ted  t o  t h e  
uphole cont ro l  u n i t  v i a  6600 m o f  7-conductor o r  
coax ia l  logging cable. Power f o r  the  downhole 
electronics i s  supplied using the logging cable. 

UPHOLE CONTROL UNIT 

The uphole cont ro l  u n i t  (Fig. 2) i s  
const ructed around t h e  Siemens PMS-T 85D 
Microprocessor System ( I n t e l  8085 CPU). Th is  
subsystem provides t h e  user in ter face,  con t ro l  s 
the  rea l - t ime outputs, and records the  c o l l e c t e d  
data on tape. 

The uphole cont ro l  u n i t  provides t h e  
i n t e r f a c e  between t h e  t o o l  and t h e  user .  To 

I 

Figure 2. Uphole cont ro l  system. 

i n i t  f a t e  and c o n t r o l  t o o l  operat ion, comands a r e  
entered a t  the  system terminal. The format o f  
the  rea l - t ime outputs  can be changed a t  any time. 
Once per r e v o l u t i o n  parameters displayed on t h e  
system te rmina l  prov ides i n s i g h t  i n t o  t h e  
c o n d i t i o n  and operat ion o f  the too l .  

Upon a r r i v a l  a t  t h e  surface, t h e  data stream 
i s  decoded, t h e  s e r i a l  data i s  s t r ipped o f f  and 
placed i n  a parameter bu f fe r .  Travel t i m e  and 
peak ampli tude values are separated and w r i t t e n  
t o  bu f fe rs .  Date/t ime and logging r a t e  va lues 
are input  from external  sources and included i n  
the  parameter bu f fe r .  

Data c o l l e c t e d  by the t o o l  i s  displayed on a 
c o l o r  monitor. A hardcopy may be generated b y  
t h e  g r a y  s c a l e  r e c o r d e r .  Data i s  mapped t o  
i n t e n s i t i e s  v i a  a user selected look-up tab le.  
Using mark and magnetic nor th  information, data 
from a r e v o l u t i o n  i s  r o t a t e d  t o  p o s i t i o n  t h e  shot 
represent ing nor th  as the  f i r s t  p i x e l  i n  a r a s t e r  
scan 1 ine. Val ues from successive revol  u t  ions  
are inser ted  i n t o  t h e  graphics c o n t r o l l e r  such 
t h a t  t h e  output  o f  t h e  c o l o r  monitor w i l l  
i l l u s t r a t e  moving along t h e  borehole. 

Data i s  w r i t t e n  t o  a 1/4-in. streaming tape 
on a r e v o l u t i o n  (mark-to-mark) basis. When a l l  
d a t a  f r o m  a r e v o l i r t i o n  i s  p r e s e n t ,  t h e  t h r e e  
b u f f e r s  are w r i t t e n  t o  tape as th ree  records. A 
second set  o f  b u f f e r s  are present t o  a l l o w  
concurrent I /O operat ions . 
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OFF-LINE PROCESS I NG 

Real -t ime outputs may not provide s u f f i c i e n t  
informat ion  f o r  an appl i c a t  ion. Of f -1  ine  
processing al lows t h e  user t o  manipulate 
c o l l e c t e d  data t o  meet s p e c i f i c  needs. 

The 1/4-in. tape provides a medium f o r  
t r a n s f e r r i n g  data t o  a minicomputer f o r  f u r t h e r  
analysis. A f i r s t  step may be t o  organize t h e  
data i n t o  a standard format p r i o r  t o  any 
add i t iona l  processing. Operations involved may 
include: (1) data c a l  i b r a t  ion, (2) r o t a t i n g  data 
us i ng nor th  informaat ion, ( 3 )  eval uat i o n  o f  
borehole dev iat ion,  and (4) c o r r e c t i o n  f o r  t o o l  
not centered i n  borehole. Once i n i t i a l  
processing has occurred, t h e  data c o l l e c t  ion  may 
be broken up i n t o  segments and placed i n  
d i r e c t o r i e s  represent ing ranges o f  depths. 

A t  t h i s  po in t ,  miss ion s p e c i f i c  software may 
be applied. Such a lgor i thms may inc lude image 
enhancement, s t a t i s t i c a l  analys is ,  p a t t e r n  
recogn i t  ion, etc. 

SUMMARY 

A borehole acoustic te lev iewer  i s  being 
developed j o i n t l y  by West Germany and t h e  Uni ted 
States. As the t o o l  moves along t h e  borehole, 
u l t r a s o n i c  pul ses are f i r e d  from a r o t a t i n g  head. 
The amplitude and t r a v e l  t ime o f  t h e  r e f l e c t e d  
pulse are measured by t h e  downhole e l e c t r o n i c s  
and t ransmi t ted t o  the  surface v i a  t h e  logging 
cable. The uphole c o n t r o l  u n i t  records t h e  data. 
and provides rea l - t ime output t o  the user. 
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