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ABSTRACT 

The importance of  f r a c t u r e  c h a r a c t e r -  
i z a t i o n  i n  geothermal logging has long been 
recognized.  The a c o u s t i c  borehole  te lev iew-  
e r  i s  probably the  s i n g l e  most u s e f u l  t o o l  
f o r  determining l o c a t i o n ,  o r i e n t a t i o n ,  and 
c h a r a c t e r i z a t i o n  of f r a c t u r e s .  However, 
s i n c e  t h e  te lev iewer  was developed f o r  low 
temperature  o i l  and gas e x p l o r a t i o n ,  it has 
no t  been capable  of r e l i a b l e  o p e r a t i o n  a t  
geothermal temperatures .  This  paper  re -  
views t h e  theory  of ope ra t ion  of  t h e  acous- 
t i c  t e l ev iewer ,  i d e n t i f i e s  t h e  problems 
a s s o c i a t e d  wi th  i t s  ope ra t ion  a t  bo th  h igh  
and low temperatures ,  and reviews a program 
t o  upgrade the  t o o l .  Major r e s u l t s  of  t h e  
program have been: 1 )  a high temperature  
a c o u s t i c  t r ansduce r ,  2)  an improved acous- 
t i c  window, 3) more r e l i a b l e  e l e c t r o n i c s ,  
and 4) t h e  e l imina t ion  o f  troublesome s l i p  
r i n g s .  

INTRODUCTION 

P roduc t iv i ty  of  geo.therma1 wells i s  
p r i m a r i l y  determined by f l u i d  flow t h r u  
f r a c t u r e  systems. A product ion  w e l l  u sua l -  
l y  p e n e t r a t e s  one o r  more open f r a c t u r e s  
t h a t  a r e  e i t h e r  n a t u r a l l y  occur r ing  o r  hy- 
d r a u l i c a l l y  induced. To understand f l u i d  
flow i n  geothermal w e l l s ,  da t a  i s  needed t o  
c h a r a c t e r i z e  these  f r a c t u r e  systems.  The 
a c o u s t i c  borehole  t e l ev iewer  (ABT) has been 
used t o  ob ta in  much u s e f u l  d a t a  about f r a c -  
t u r e  systems as they i n t e r s e c t  t h e  borehole .  
(Keys, 1979). 

The t e l ev iewer ,  l i k e  many o t h e r  logging 
sondes being used f o r  geothermal w e l l  log-  
g ing ,  was o r i g i n a l l y  developed f o r  use i n  
o i l  and gas wells. Many problems are exper-  
ienced  i n  the  hot  and h ighly  co r ros ive  geo- 
thermal  environment t h a t  l e a d  t o  ins t rument  
f a i l u r e .  An e f f o r t  t o  upgrade t h e  te leview- 
e r  f o r  geothermal ope ra t ion  a t  temperatures  
up t o  275OC and p res su res  up t o  4000 p s i  
c e n t e r s  around the  modi f ica t ion  of t h e  me- 
chanics  and e l e c t r o n i c s  o f  a commercially 

*Work performed under t h e  auspices  of  
U.S. Department of Energy Contract  No. DE- 
AC04-76PK00789 f o r  t h e  Div is ion  of Geother- 
mal Energy. 

produced pro to type  t o o l .  The USGS Water 
Resources Divis ion wi th  t h e i r  v a s t  e x p e r i -  
ence i n  us ing  t h e  t e l ev iewer  and t h e  manu- 
f a c t u r e r  (Simplec M f r .  o f  Da l l a s ,  TX) are 
working wi th  Sandia i n  t h e  i d e n t i f i c a t i o n  
of problem a reas  and p o s s i b l e  s o l u t i o n s ,  
The modif ied t o o l  w i l l  be l a b  t e s t e d  and 
even tua l ly  f i e l d  t e s t e d  i n  a geothermal 
environment t o  prove out  t he  design.  When 
proven, these  modi f ica t ions  w i l l  be t u rned  
over t o  indus t ry  t o  make t h e  upgraded t o o l  
commercially a v a i l a b l e .  

THEORY OF OPERATION 

The fundamental p a r t s  o f  t h e  a c o u s t i c  
Borehole t e l ev iewer  a r e  shown i n  F igure  1. 
The motor r o t a t e s  t h e  t r ansduce r  and t h e  
f l u x  g a t e  magnetometer a t  a r a t e  of t h r e e  
r evo lu t ions  p e r  second wi th  e l e c t r i c a l  s i g -  
n a l s  coupled through a se t  o f  s l i p  r i n g s  
which a r e  no t  shown. The a c o u s t i c  s enso r  
housing i s  f i l l e d  with h igh  temperature  o i l  
which se rves  t o  l u b r i c a t e  t h e  motor and 
o t h e r  r o t a t i n g  components a s  well  as  t o  
couple  a c o u s t i c  energy from t h e  t r ansduce r  
t o  t h e  a c o u s t i c  window. 

The f l u x  ga te  magnetometer and i t s  
a s soc ia t ed  c i r c u i t r y  senses  t h e  e a r t h ' s  
magnetic f i e l d  and gene ra t e s  an o r i e n t a t i o n  
pu l se  each time the  t ransducer  r o t a t e s  
through magnetic no r th .  

The a c o u s t i c  t r ansduce r  i s  a 1 / 2  inch  
diameter  d i s c  of  p i e z o e l e c t r i c  m a t e r i a l  
e l ec t roded  on both f aces .  This t r ansduce r  
i s  a t r a n s m i t t e r  and a receiver o f  a c o u s t i c  
energy. 
b u r s t  of h igh  frequency (1.3 MHz) e l e c t r i -  
c a l  energy a t  a r a t e  of  1500 pu l ses  p e r  
second by t h e  t r a n s m i t t e r  pu l se  gene ra to r .  
The b u r s t s  are emi t t ed  through t h e  a c o u s t i c  
window i n t o  t h e  borehore f l u i d ,  r e f l e c t e d  
o f f  t he  borehole  w a l l ,  r e tu rned  and p icked  
up by the  t r ansduce r .  I t  i s  t h e  ampli tude 
of t h i s  r e f l e c t e d  energy pu l se  t h a t  i s  used 
by t h e  te lev iewer  system t o  form t h e  log .  

The t ransducer  i s  pulsed  wi th  a 

Communication wi th  t h e  downhole p ro -  
t i o n  of t h e  system i s  through a fou r  t o  
seven conductor logging cable .  The cab le  
provides  t h e  power f o r  t h e  e l e c t r o n i c s  and 
the  motor and c a r r i e s  s i g n a l s  from t h e  t e l e -  
viewer t o  t h e  s u r f a c e .  
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To log  t h e  h o l e ,  t h e  te lev iewer  i s  
pu l l ed  up a t  a r a t e  o f  5 f t /min  so  t h a t  a 
s p i r a l  s t r i p  of  t h e  borehole  w a l l  i s  probed. 
Depth informat ion  i s  obta ined  from an o p t i -  
c a l  encoder connected t o  a pu l l ey  wheel over  
which the  cab le  t r a v e l s .  

The t h r e e  s i g n a l s .  p rov id ing  depth ,  o r i -  
e n t a t i o n  and r e f l e c t e d  s i g n a l  amplitude i n -  
formation a r e  used by t h e  s u r f a c e  e l e c t r o n -  
ics panel  t o  gene ra t e  v e r t i c a l ,  h o r i z o n t a l  
and i n t e n s i t y  s i g n a l s  f o r  t h e  e l e c t r o n  beam 
of an o s c i l l o s c o p e  cathode ray  tube .  As 
smooth p o r t i o n s  of t h e  wall a r e  scanned, 
t h e  r e f l e c t e d  s i g n a l  w i l l  be uniform i n  
amplitude and produce uniform i n t e n s i t y  
t r a c e s  on t h e  o s c i l l o s c o p e .  As discont inu-  
i t i e s  a r e  scanned, t h e  ampli tudes o f  t h e  
r e f l e c t e d  s i g n a l s  w i l l  drop due t o  s c a t t e r -  
i n g  of  energy and t h e  i n t e n s i t y  of  t h e  os-  
c i l l o s c o p e  t r a c g w i l l  decrease .  These d i s -  
c o n t i n u i t i e s  may be i n  t h e  form o f  f r a c -  
t u r e s ,  ch ips ,  wash o u t s ,  o r  rough spo t s .  
When t h e  o s c i l l o s c o p e  f ace  i s  photographed, 
t h e  r e s u l t  is  an o r i e n t e d  a c o u s t i c  image, 
Eroviding a d e s c r i p t i v e  reproduct ion  of t h e  
borehole  w a l l  s p l i t  open and l a i d  f l a t .  

Figure 2 is  a sample log  showing t h r e e  
p a r a l l e l  f r a c t u r e s  which show up a s  s i n e  
wave shaped dark l i n e s .  D e t a i l s  on the  
reading  and i n t e r p r e t a t i o n  of t he  te lev iew-  
e r  logs  have been publ i shed  by Keys (1979) 
and Zemanek (1969). 

TRANSDUCER 

The p i e z o e l e c t r i c  m a t e r i a l  o r g i n a l l y  
used f o r  t h e  t r ansduce r  i s  ceramic l e a d  
metaniobate .  I t  was thought  t h a t  l ead  
metaniobate ,  which has a curie temperature  
of  4 O O O C  would work w e l l  a t  2 7 5 O C .  However, 
i n i t i a l  t e s t i n g  i n d i c a t e d  an inc rease  i n  
d i e l e c t r i c  p e r m i t t i v i t y  and hence capac i -  
t ance  by almost an o r d e r  o f  magnitude i n  
going from room temperature  t o  275OC. D i -  
e l e c t r i c  leakage r e s i s t a n c e  a l s o  decreased 
from g r e a t e r  than  2 0 M ~  t o  l e s s  than  200Q 
over  t h e  temperature  range.  Even though 
the  l e a d  metaniobate  r e t a i n s  i t s  p i ezoe lec -  
t r i c  p r o p e r t i e s  a t  2 7 S o C ,  t h e  capac i tance  
change tends t o  detune t h e  p u l s i n g  network 
which then produces b u r s t s  of e l e c t r i c a l  
energy t h a t  a r e  no t  o f  t h e  same. frequency 
as  the  t r ansduce r  resonance ,  This  r e s u l t s  
i n  a s i g n i f i c a n t  drop i n  e lec t romechanica l  
conversion e f f i c i e n c y  a t  high temperature .  
In  add i t ion ,  when t h e  t r ansduce r ' s  d i e l e c -  
t r i c  leakage r e s i s t a n c e  drops below the  
t ransformed mechanical impedance o f  the 
coupl ing f l u i d  (which seems t o  be around 1 
t o  S K f l ) ,  t h e  v o l t a g e  l e v e l  of t h e  r e f l e c t e d  
energy p u l s e  w i l l  drop. 

A survey of  t r ansduce r  m a t e r i a l s  was 
conducted and t h r e e  m a t e r i a l s  were found 
which had r e l a t i v e l y  h igh  e lec t romechanica l  
coupl ing c o e f f i c i e n t s  and c u r i e  tempera- 
tures h ighe r  t han  l e a d  mctaniobate .  Discs 
of t h e  proper  s ize  and resonant  f requencies  

were ordered  from manufacturers f o r  compar- 
i son  i n  t h e  l abora to ry .  

To eva lua te  t ransducer  ope ra t  ion  a t  
h igh  temperature  i n  t h e  mode i t  i s  a c t u a l l y  
t o  be used, a t e s t  f i x t u r e  was b u i l t  t o  go 
i n s i d e  an au toc lave  capable  of h e a t i n g  a 
l i q u i d  t o  275OC and hold ing  a p r e s s u r e  of  
3000 p s i .  The t r ansduce r  i s  mounted i n s i d e  
t h e  au toc lave  i n  a p o s i t i o n  s o  t h a t  i t s  
emi t t ed  energy p u l s e  i s  r e f l e c t e d  o f f  t he  
au toc lave  bottom. I t  i s  pulsed  by a c i r -  
c u i t  similar t o  t h e  one used i n  t h e  t e l e -  
viewer ( t h e  p u l s i n g  and sens ing  c i r c u i t s  
are e x t e r n a l  t o  t h e  au toc lave ) ,  and t h e  re- 
f l e c t e d  s i g n a l  i s  p icked  up by t h e  t r a n s -  
ducer  and d i sp layed  on an o s c i l l o s c o p e .  
Capaci tance , leakage r e s i s t a n c e ,  and re- 
f l e c t e d  s i g n a l  peak amplitude were measured 
a t  ambient temperature  and aga in  a t  2 7 5 O C  
(3000 p s i )  a l lowing  20 h r s  f o r  s t a b i l i z a -  
t i o n .  The r e s u l t s  of t h i s  t e s t i n g  are 
shown i n  Table 1 as w e l l  as numbers f o r  
coupl ing c o e f f i c i e n t  and c u r i e  temperature  
obta ined  from t h e  manufacturers .  The da ta  
i n d i c a t e s  both  t h e  modified l ead  t i t a n a t e  
t r ansduce r  and t h e  l i t h i u m  n i o b a t e  t r a n s -  
ducer  work w e l l  over  t h e  temperature  range. 
However, both t h e  l e a d  metaniobate  and so-  
dium bismuth t i t a n a t e  s u f f e r  l a r g e  changes 
i.n capac i tance  and small leakage r e s i s t a n c e  
a t  275OC, which cause reduced e f f i c i e n c y .  

ACOUSTIC WINDOW 

The o r i g i n a l  low temperature  te lev iew-  
e r  used a rubber  boot a s  t h e  a c o u s t i c  win- . 
dow; t h e  rubber  i s  a good impedence match 
t o  t h e  f l u i d s  on both  s i d e s  of i t ,  and 
worked w e l l  a t  h igh  p res su re  us ing  a b e l -  
lows t o  equa l i ze  t h e  p re s su re  a c r o s s  t h e  
window. However, rubber  d i s i n t e g r a t e s  a t  
h igh  temperature  i n  t h e  co r ros ive  b r i n e .  

The f i r s t  h igh  temperature  t e l ev iewer  
used a h igh  temperature  p l a s t i c ,  made by 
DuPont, c a l l e d  Vespel f o r  t h e  a c o u s t i c  win- 
dow. The window was s e a l e d  t o  t h e  t o o l  
body by an o - r i n g  s e a l i n g  s u r f a c e ,  b u t  
thermal  expansion o f  t h e  p l a s t i c  caused 
leakage  un le s s  a wire wrap was used.  F a i l -  
u r e  ana lyses  showed t h a t  stresses p u t  on 
t h e  Vespel window by t h e  wire wrap toge the r  
w i th  embr i t t l ement  o f  t h e  Vespel i n  con tac t  
w i th  t h e  b r i n e ,  l i m i t e d  t h e  l i f e  of  t h i s  
window . 

Tes t ing  done a t  Westinghouse by J. 
Wonn (1979) i n d i c a t e d  t h a t  a t e f l o n  window 
w i t h  a f langed  s e a l i n g  s u r f a c e  might s u r -  
v ive  t h e  temperature .  The window and s e a l -  
i n g  s u r f a c e  has been redesigned t o  accommo- 
d a t e  a t e f l o n  window. Addi t iona l  t e s t i n g  
has  shown t h i s  t o  be a good s o l u t i o n  f o r  
ope ra t ion  t o  275OC. 

J. Wonn (1979) has  a l so  shown t h a t  a, 
very t h i n  ( . O O Z t l )  m e t a l l i c  winodw may be 
used a s  a s o l u t i o n  t o  ope ra t ion  a t  tempera- 
t u r e s  much h ighe r  than  275OC. The manufac- 
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t u r i n g  process  f o r  t h i s  type of  window has  
n o t  y e t  been i d e n t i f i e d  and concern over  
t h e  f r a g i l i t y  of  t h i s  type of window has 
delayed i t s  inco rpora t ion  i n t o  t h e  p ro to -  
type t o o l .  

ELECT RON I CS 

The e l e c t r o n i c s  used i n  t h e  t e l ev iewer  
i s  packaged i n s i d e  a dewar f l a s k  t h a t  u ses  
a 138OC mel t ing  po in t  e u t e c t i c  metal  as a 
hea t  s i n k .  The temperature  i n s i d e  t h i s  
dewar can be he ld  below 138OC f o r  s u f f i -  
c i e n t  time t o  log  most wel ls ,  however, t h e  
i n s i d e  te'mperature can range from O°C t o  
138OC. Temperature s t a b l e  design t ech -  

- niques are being app l i ed  i n  t h e  redes ign  of 
t h e  e l e c t r o n i c s  t o  a s su re  r e l i a b l e  opera-  
t i o n  over  t h i s  s eve re  temperature  range. 
The p u l s e r  c i r c u i t r y  has  been redesigned t o  
accommodate t h e  inc rease  i n  capac i tance  of  
t h e  t r ansduce r . .  The r e c e i v e r  c i r c u i t r y  i s  
being redes igned  t o  boos t  t h e  dynamic range 
of  t h e  o v e r a l l  system, thus  making informa- 
t i o n  a v a i l a b l e  t h a t  was prev ious ly  masked 
by cable  no i se .  Also, a new magnetometer 
c i r c u i t ,  t h a t  uses  less power but  has i n -  
c reased  s e n s i t i v i t y ,  has been inco rpora t ed  
i n t o  t h e  pro to type  t o o l .  

The o r i g i n a l  t e l ev iewer  used a p o i n t  
t o  po in t  w i r ing  technique which r equ i r ed  
hand wi r ing  and made r e p a i r  d i f f i c u l t .  The 
modified instrument  uses  p r i n t e d  c i r c u i t  
boards t h a t  e l imina te  c r o s s t a l k  problems, 
improve r e l i a b i l i t y ,  s imp l i fy  f a b r i c a t i o n ,  
s t anda rd ize  ins t ruments ,  and make f i e l d  re- 
pair simple and s t r a igh t fo rward .  

ELECTROMECHANICAL COMPONENTS 

The Sandia  pro to type  t e l ev iewer  uses  
t h e  e las tomer  O-r ing equipped Gearhart  Owen 
Ind. (GOI) seven .conductor  cablehead f o r  
making e l e c t r i c a l  and mechanical connect ion 
t o  t h e  cab le .  A high  temperature  Sandia-  
GO1 cablehead des ign  e x i s t s  t h a t  u t i l i z e s  
metal s e a l s  and an i n s u l a t i n g  o i l  (Krytox 
by DuPont) f o r  keeping water  o f f  t h e  elec- 
t r i c a l  wire te rmina t ions .  S ince  t h e  t e l e -  
viewer log  t akes  a r e l a t i v e l y  s h o r t  time 
pe r iod  t o  run ,  i t  was f e l t  t h e  metal seal-  
ing  system was no t  needed. However, many 
problems have been experienced wi th  s h o r t  
c i r c u i t i n g  i n  t h e  low temperature  cablehead. 
To a l l e v i a t e  t hese  probems, t h e  s t anda rd  
G O 1  cablehead has  been redesigned t o  use 
t h e  same i n s u l a t i n g  o i l  t e rmina t ion  system 
t h a t  is  used on t h e  h igh  temperature  cab le -  
head. 

Two e l e c t r i c a l  components a r e  r o t a t e d  
by t h e  motor: 
and t h e  a c o u s t i c  t r ansduce r .  The e l e c t r i -  
c a l  connect ion t o  these  r o t a t i n g  components 
has been by s i l v e r  s l i p  r ings .  
expense, s e v e r a l  problems have been e x p e r i -  
enced wi th  t h e  s l i p  r i n g s :  1) they must be 
kept  c lean  t o  ope ra t e  p rope r ly ,  2 )  t h e  
brushes wear and must be rep laced  r e g u l a r -  

t he  f l u x - g a t e  magnetometer 

Besides 

l y ,  3) brush holders  l o s e  t h e i r  s p r i n g  and 
f a i l  t o  hold t h e  brushes on t h e  r i n g s  a t  
high temperature ,  and 4)  con tac t  bounce 
genera tes  e l e c t r i c a l  no i se .  Sandia  has 
done away with t h e  s l i p  r i n g s  and imple- 
mented a system of  r o t a t i n g  t ransformers .  
A r o t a t i n g  t ransformer  i s  one where t h e  
primary winding i s  s t a t i o n a r y  and t h e  sec- 
ondary winding r o t a t e s  o r  v i ce  ve r sa .  The 
new system occupies t h e  same space a s  t h e  
s l i p  r i n g s  wi th  very l i t t l e  modi f ica t ion  
t o  t h e  a c o u s t i c  s enso r  housing. Ferr i tes  
were supp l i ed  by Ceramic Magnetics, I n c . ,  
of F a i r f i e l d ,  N J .  The t ransformer  wire 
used i s  high temperature  anodized aluminum. 
The r o t a t i n g  t ransformer  s e t  has  been suc -  
c e s s f u l l y  t e s t e d  t o  275OC and a commercial 
ve r s ion  i s  now being f a b r i c a t e d  by Ceramic 
Magnetics. 

SURFACE EQUIPMENT 

The camera and osc i l l o scope  method o f  
record ing  t h e  log  i n  t h e  f i e l d  r e q u i r e s  t h e  
ope ra to r  t o  watch t h e  depth coun te r ,  open 
and c lose  the  s h u t t e r  a t  t h e  p rope r  times, 
p u l l  ou t  f i lm ,  wa i t  10 seconds f o r  f i l m  t o  
develop, make adjustments  i f  necessa ry ,  and 
cu t  and p i e c e  t o g e t h e r  t h e  log.  Consider- 
a b l e  time and e f f o r t  could be saved by go- 
ing  t o  some type o f  continuous record ing  
method. The t e l ev iewer  system i s  be ing  
adapted t o  a f i b e r  o p t i c  cont inuous grey 
scale recorder .  The log  w i l l  be recorded 
on a continuous r o l l  o f  dry s i l v e r  photo-  
graphic  paper  which i s  thermally developed 
as  t h e  log  i s  run. 

The manufacturer  of t h e  t e l ev iewer  has  
r e c e n t l y  added a v ideo  t ape  r eco rde r  t o  t h e .  
televiewer system which records  the  raw 
da ta  i n  t h e  f i e l d  f o r  playback i n  t h e  l a b .  
This w i l l  enable  t h e  u s e r  t o  perform many 
types of  video enhancement i n  t h e  l a b  which 
were unavai lab le  i n  t h e  f i e l d .  Amoco Re- 
search  has done cons iderable  work i n . t h e  
area of  image enhancement of  t e l ev iewer  
logs  a s  r epor t ed  by A. H. J a e g l e r  (1980). 

SUMMARY 

The a c o u s t i c  borehole  t e l ev iewer  has  
been e s t a b l i s h e d  as a u s e f u l  t o o l  for geo- 
thermal  f r a c t u r e  mapping. Many key compo- 
nen t s ,  s p e c i f i c a l l y  t h e  t r a n s d u c e r ,  e lec-  
t r o n i c  c i r c u i t r y ,  a c o u s t i c  window, s l i p  r i n g  
assembly, and Cablehead, have been upgraded 
and t e s t e d  i n  t h e  l abora to ry  f o r  h igh  tem- 
p e r a t u r e  ope ra t ion .  Work i s  con t inu ing  i n  
t h e  areas of  c i r c u i t  des ign ,  component t e s t -  
ing ,  and su r face  pane l  improvements w i th  a 
goa l  of  a f i e l d  t e s t  ( i n  coopera t ion  w i t h  
t h e  USGS Divis ion  of  Water Resources) i n  
an a c t u a l  275OC goethermal we l l .  The even- 
t u a l  goal  w i l l  be making t h e  2 7 5 O C  v e r s i o n  
of t h e  t e l ev iewer  commercially a v a i l a b l e  
t o  t h e  indus t ry .  
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Fig. 2 Acous t ic  Televiewer Log 

Example (Keys 1979)  

TABLE 1 
RESULTS OF AUTOCLAVE TESTS OF CANDIDATE T W S D U C E R  MATERIALS 

t ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ # i  
LEAD LEAD BISMUTH LITHIUP 

METANIOBATE TITANATE TITANATE NIOBATE 

CURIE TEMPERATURE* 4OOOC 5 0 0 ° C  600°C 125OOC 

ELECTROMECHANICAL 
COUPLING COEF. Kt* 

CAPAClTANCE (pf) 

.85 . 7 5  . 41  . 5 0  

AT 25OC 30 0 2 3 5  105 35 
AT 2 7 5 ° C  2040 62 5 1000 5 5  

LEAKAGE RESISTANCE 
AT 2 5 O C  >20Mn >20MQ >20hln >20Mn 
AT 275OC 1650 38K 4.5Kn >20Mrl 

REFLECTED SIGNAL 
PEAK AXPLITUDES 

AT 25OC 400mV .SOOmV 80mV 200mV 
AT 275OC 3 OmV lOOOmV 20mV 200mV 

* 
Data obtained from manufacturer 

'Supplied by Kermes Inc.  
"Supplied by Spec ia l ty  Engineering Xssoc. -- 
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