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ABSTRACT 

A representa t ive  sample of vapor can be 
obtained i n  a 2-phase flow l i n e  by providing a 
space  i n  which d r o p l e t s  of l i q u i d  a r e  scarce. 
The material in t h a t  space can be sampled through 
a t r a v e l i n g  probe and condenser setup,  c o l l e c t i n g  
condensate, non-condensable gases  o r  both. 

I 

A counterpar t  space can be made a l s o  i n  
which the  l i q u i d  can accumulate e s s e n t i a l l y  f r e e  
of vapor. A sample can be taken through the  same 
t r a v e l i n g  probe apparatus  as used f o r  the  vapor 
sample. 

The method is an a l t e r n a t i v e  t o  s e t t i n g  up a 
fu l l - f low separa tor  f o r  e a r l y  t e s t i n g  of a w e l l  
when d a t a  on compositions of t h e  s e p a r a t e  phases 
are des i red .  

INTRODUCTION 

Sampling f l u i d s  from p i p e l i n e s  car ry ing  
l i q u i d  and vapor is f raught  wi th  problems of rep- 
r e s e n t a t i v i t y .  Attempts t o  tap  t h e  flow stream 
and c o l l e c t  mixed vapor and l i q u i d  in proport ion 
t o  t h e i r  r e l a t i v e  mass r a t e s  of flow are f u t i l e .  
Gradien ts  of vapor / l iqu id  r a t i o s  across v e r t i c a l  
and h o r i z o n t a l  d i r e c t i o n s  of the  cross-sect ion 
are severe( l )  and may change unpredictably.  
S team.separa tors  f o r  handling t h e  f u l l  flow are 
a v a i l a b l e ,  b u t  i n s t a l l a t i o n  is expensive; and 
dur ing  e a r l y  t e s t i n g  of a new w e l l  such 
s e p a r a t o r s  may not  be i n s t a l l e d .  

AN INLINE SEPARATOR 

An a l t e r n a t i v e  f o r  t h e  purposes of sampling 
t o  c h a r a c t e r i z e  the  chemical n a t u r e  of the  l i q u i d  
and vapor is a v a i l a b l e  with a simple device shown 
i n  F ig  1. It can be b u i l t  i n t o  the  flow l i n e  on 
e i t h e r  s i d e  of the  t h r o t t l e  valve, b u t  preferab ly  
upstream. 
measurements are important adjuncts .  The device 
enables  one t o  draw, from a 2-phase flow, a 
sample of vapor t h a t  is uncontaminated wi th  
l i q u i d .  Such samples can be used f o r  a n a l y s i s  of 
noncondensable gases. 

Taps f o r  temperature and pressure  

I n s e r t i n g  the  probe a l l  the  way t o  the  
l i q u i d  zone a t  t h e  bottom of t h e  s e p a r a t o r  y i e l d s  

- a b r i n e  phase sample. It can be passed through a 
cool ing  c o i l ,  t o  c o l l e c t  a sample which would 
r e p r e s e n t  the  l i q u i d  t h a t  is in contac t  with the  

vapor sample. Al te rna t ive ly ,  the  l i q u i d  can be 
f l a s h e d  t o  atmospheric pressure y i e l d i n g  a 
"f ul ly-f lashed l i q u i d "  which represents  the  
geothermal resource in a somewhat d i f f e r e n t  way. 

Contruct ion of the  device is descr ibed i n  
F igure  1. 
t h e  access  valve i n  which l i q u i d  s p l a s h  and 
d r o p l e t s  en t ra ined  in t h e  vapor can be mostly 

FIGURE 1 
TRAVELING PROBE AND INLINE SEPARATOR 
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removed by contac t  with the  wal ls .  
w i t h i n  t h i s  space is i n  chemical equi l ibr ium, o r  
a t  l e a s t  a s teady  state, with respec t  t o  the  
l i q u i d .  It can be released t o  cool ing c o i l s  and 
c o l l e c t i o n  vesse ls  by s u i t a b l e  valving arrange- 
ments on a probe assembly. 

test of a deep wildcat  w e l l  near  the  Niland KGRA 
t h i s  year .  A sample of condensate obtained wi th  
t h i s  s e t u p  was analyzed €or  sodium and potassium 
i n  order  t o  estimate l i q u i d  carry-over with the  
vapor. The carry-over was 0.6%, an amount small 
enough t h a t  t h e  r e s u l t i n g  b i a s  t o  the  non- 
condensable a n a l y s i s  was negl ig ib le .  Temperature 
and pressure  i n  t h e  l i n e  during sampling were 
407°F and 204 psig.  

The vapor 

A prototype device was i n s t a l l e d  during a 

I f  t h e  l i n e  pressure is too high f o r  
convenient c o l l e c t i n g  of a vapor sample the  
arrangment i n  Figure 2 is usefu l .  Two valves  a r e  
arranged t o  achieve a reduced pressure  i n  the  

FIGURE 2 
PRESURE REDUCTION SETUP FOR STEAM 

,ND NON-CONDENSABLE SAMPLING 

1 1 1  

DISCHARGE 
TO 

ATMOSPHERE 

mmn 

DIAGRAMMATIC. NOT TO SCALE 

steam path  which can be tapped wi th  a probe and 
t h e  pressure  measured wi th  a gauge assembly. The 
sample c o l l e c t i o n  apparatus  shown d iagramat ica l ly  
i n  Figure 2 r e f e r s  t o  a system(2) f o r  measuring 
non-condensables in a steam l i n e .  That method 
works w e l l  a t  10 psig,  a reduced pressure  e a s i l y  
achieved wi th  t h e  suggested arrangement. 

APPLICATION 

The c a p a b i l i t y  of measuring C02 i n  steam 
upstream of t h e  t h r o t t l e  valve opens some u s e f u l  
o p t i o n s  f o r  eva lua t ing  the  resource. 
c a l l y ,  t h e  percent  f l a s h  appearing a t  the  sample 
p o i n t  can be var ied  by manipulating t h e  t h r o t t l e  
valve.  Most of t h e  C02 from t h e  l i q u i d  is 
exhaled w i t h  t h e  f i r s t  3 or  4% of f lash .  There- 
a f t e r ,  t h e  d i f f e r e n c e s  i n  COP content  of the  
steam mainly r e f l e c t  f u r t h e r  d i l u t i o n  of the  
C02 wi th  t h e  new steam. To a good approximation, 
t h e  percent  of C 0 2  i n  steam and percent  f l a s h  
are r e l a t e d  i n  inverse  proportion. By monitor ing 
temperature ,  pressure and percent  COP one can 
t r a c k  a segment of t h e  r e l a t i o n s h i p  among them. 
The accuracy of t h e  t racking  is l imi ted  only by 
t h e  accuracy of t h e  three  measurements and t h e  
s t a b i l i t y  of the  C02 content  i n  the  l i q u i d  
b e f o r e  f l a s h i n g  begins. This  procedure is a 
v a r i a n t  of one proposed by W.A.J. Mahon i n  1966 
and repor ted  a l s o  i n  ( 3 ) .  

Speci f i -  

It remains t o  relate t h e  tracked por t ion  of 
t h e  r e l a t i o n s h i p  t o  the  temperature of i n i t i a l  
f l a s h i n g  and a l s o  t o  the  f u l l  ex ten t  of f l a s h i n g  
when t h e  pressure  is reduced to  atmospheric. 
D e t a i l s  about both of those are outs ide  the  scope 
of t h i s  r e p o r t ,  b u t  br ie f  mention of the  p o s s i b l e  
measurements is worthwhile. 

The temperature a t  i n i t i a l  f l a s h i n g  may be 
obtained by d i r e c t  measurement a t  the  wellhead, 
i f  t h e  w e l l  is capable  of d e l i v e r i n g  1-phase 
l i q u i d  t o  t h a t  e leva t ion .  I f  not ,  then a 
wel lbore  survey of pressure-temperature made 
dur ing  a c t i v e  flow of the  w e l l  w i l l  y i e l d  t h e  
b a s i c  da ta .  The downhole temperature d a t a  should 
be downgraded t o  account f o r  enthalpy l o s s e s  
between t h e  p o s i t i o n  of f l a s h  i n i t i a t i o n  i n  t h e  
w e l l  and t h e  re ference  p o s i t i o n  a t  the  2-phase 
sampler. Note t h a t  t h e  empir ica l  r e s u l t s  from 
t h i s  2-phase s e p a r a t o r  w i l l  y i e l d  thermodynamic 
d a t a  f o r  t h e  geothermal f l u i d  t h a t  is s e l f -  
compensated f o r  t h e  enthalpy l o s s e s  between 
product ion zone and sur face  equipment. 
should not  be f o r c e - f i t  t o  simple models of 
temperature  vs percent  f lash .  

They 

R e l a t i n g  t h e  percent  f l a s h  a t  the  sampler t o  
t h e  percent  f l a s h  a t  atmospheric pressure  can be 
done through a n a l y s i s  of the  b r i n e s  c o l l e c t e d  a t  
both places .  
a c o i l  a s  p a r t  of the  sampling procedure. To 
c o l l e c t  a b r i n e  sample from t h e  i n l i n e  s e p a r a t o r  
t h e  t r a v e l i n g  probe arrangement used f o r  t h e  
vapor sample is simply forced i n t o  the  
l i q u i d - r i c h  space. Brine flowed through the  
probe is cooled without  allowing f u r t h e r  f l a s h i n g  
i n  order  t o  o b t a i n  t h e  r e q u i s i t e  sample. 

Each should be force-cooled through 

A fu l ly- f lashed  br ine  sample a l s o  can be 
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c o l l e c t e d  through t h e  same probe simply by 
e l imina t ing  t h e  cool ing s tep .  

Comparing t h e  two samples is b e s t  done on a 
multicomponent basis .  
one sample vs  the  o t h e r ,  a l i n e  may be f i t t e d  t o  
t h e  s e v e r a l  concent ra t ion  da ta .  The s lope  of 
t h a t  l i n e  is propor t iona l  t o  t h e  d i f f e r e n c e  i n  
f l a s h  represented by the  two samples. 
method y i e l d s  more r e l i a b l e  estimates of 
between the  two samples than can be obtained wi th  
single-component approaches. 

By p l o t t i n g  t h e  r e s u l t s  of 

This  
f l a s h  

SUMMARY 

A device t h a t  involves  about $100 worth of 
f i t t i n g s  and welding can be i n s t a l l e d  on geo- 
thermal flow l i n e s  as a s team/ l iqu id  separa tor  
f o r  t h e  purposes of sampling t h e  flow. The 
device  c r e a t e s  two new environments i n  the  flow 
l i n e ,  one predic tab ly  r i c h  i n  vapor, t h e  o ther  
r i c h  i n  l i q u i d .  
s e p a r a t e l y  wi th  a t r a v e l i n g  probe assembly. 

Each environment can be sampled 

The device is most u s e f u l  when i n s t a l l e d  
between a t h r o t t l e  valve and t h e  wellhead. 
During a flow test opera t ion ,  the  samples col- 
l e c t e d  from i t  can be used t o  deduce important 
thermodynamic p r o p e r t i e s  of t h e  geothermal f l u i d ,  
s i n c e  t h e  non-condensable gases  n a t u r a l l y  present  
i n  t h e  f l u i d  are usable  as a tracer i n  the  steam 
f r a c t i o n .  
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