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1.0 ABSTRACT 

Two calcium carbonate (CaC03) ccale inhibition tests have heen performed 
at ReDublic Geothermal, Inc.'s (RGI's) East Mesa wells 1/16-29 and 
1/56-30. The first rest at T.Tell f16-29 rould not be finished due to 
downhole pump problems. However. two inhibitor concentration runs 
were completed and a third run started before the pump failed. A 
follow-up test et well 1/56-30 was completed according to the original 
plan. Typical power plant conditions (i.e., pressure and temperature 
drops, flow conditions) were simulated by using test loops (pipe diameters 
of eight inches at well #16-29 and twelve inches at well 856-30) and 
field separators. 

Untreated East Mesa brine exhibits a calcium carbonate scale tendency 
as soon as the pressure is dropped below 75 psig. The uninhibited 
brine from well #l6-29 formed a maximum scale thickness of 0.5 inch 
in an eight inch TD pipe after a 92.75 hour test run at an average 
production rate of 375,000 lb/hr. 
a maximum scale thickness of 1.25 inches in a twelve inch ID nipe 
after a 104 hour test run at an average production rate of 722,000 
lb/hr. 

The brine from well #56-30 formed 

The principal conclusions of this test work are: 

1) The formation of CaC03 scale in RGI's wells and facilities 
at East Mesa can he prevented by addition of Monsanto's Dequest" 
2060 inhibitor at concentrations of less than 1.0 p l  per 
liter. 

2)  The estimated inhibition cost is on the order of 0.3 mills 
($0.0003) Der KWhr for full-scale electrical power generation 
operations at East Mesa. 

3 )  Any scale inhibitor must be carefully applied. Too much 
inhibitor (:.e., greater than 7.5 ~1 Dequest" 2060 per liter 
at East Ilesa) will result in the formation of pseudo-scale 
and, possibly, injection well plugging; too little inhibitor 
(i.e., less than 1.0 l.11 Dequest" 2060 per liter at East Mesa) 
will not give efficient scale inhibition. 

4 )  Even though RGI's East Mesa scale problems have been solved 
with respect to future power plant operations; additional 
test work may be required to solve CaC03 scale problems in 
other areas and fields having different brines and conditions. 
This is particularly true if downhole scale is encountered 
in the absence of downhole pumping capability. The described 
study is a significant technical advance, but must be considered 
only a first step toward solving all carbonate scale problems 
in geothermal operations. 
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2 . 0  RESULTS 

1) Scale deposition was prevented throughout the R C I  East Mesa test 
system by injection of 1.0 p l  Dequest* 2060 per liter of total 
flow. 
in geothermal operations, and the data obtained during this test 
program are very encouraging. 
inhibition of CaC03 scale formation can be achieved at temperatures 
up to at least 320'F. 

This is an important milestone in the area of scale handling 

It is now proven that chemical 

2 )  Pseudo-scale (calcium phosphonate) formed at concentrations of 
greater than 7 . 5  p l  Dequest" 2060 per liter of brine. 
the application of the Dequest" 2060 compound must be carefully 
tailored to the water: 

Thus, 

a) Too much chemical will cause formation of a pseudo-scale 
(calcium phosphonate); and 

b) Too little chemical will most likely not result in efficient 
scale inhibition. 

3) New instrumentation used during this test at well 1/56-30 showed 
that while the scale at East Mesa is predominantly calcium carbonates, 
there are significant components of strontium, barium, iron and 
magnesium carbonates. 

4 )  The pseudo-scale occurred in a totally unexpected location, i.e., 
at temperatures between 270'F and 320°F, and not at lower temperatures. 
This suggests that the calcium salt of the phosphonate has a 
"reversed" solubility like, e.g., anhydrite. This information 
must be carefully considered in future applications of Dequestft 
2050, especially for downhole applications and for waters having 
a high calcium content. 

5) Even though the solubility product of the calcium phosphonate 
in East Mesa water at 320°F is very low and is exceeded at an 
injection of 7.5 p l  Dequest" 2060 per liter of brine, it is still 
high enough to ensure proper scale inhibition in the presence 
of pseudo-scale. This is encouraging information for possible 
formation squeezes with Dequest* 2060 despite the formation of 
a calcium salt of the inhibitor. The precipitated calcium phosphonate 
will be redissolved by the reservoir fluid and will still act 
as a usable inhibitor. Thus, the formation of a calcium salt 
of the inhibitor in the reservoir may not be as detrimental as 
normally assumed. 

6) The deposition rate of calcium phosphonate salts was low compared 
to that of the CaC03. Therefore, a highly efficient protection 
from scaling using these inhibitors at lower inhibitor concentrations 
can be expected. 
should occur at these low inhibitor concentrations. 

No undesired interference with the water constituents 
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7 )  The test data show that scale inhibition using a chemical like 
Dequest" 2060 can probably be more economical than any procedure 
using acids. Scale control at East Mesa using this method will 
most likely add less than 0.3 mill/KWhr to the cost of electricity. 

8) Significant plugging of the injection well was experienced during 
the inhibitor test work at well 1/16-29 even though the carbonate 
scale was eliminated in the test loop. Premature termination 
of this test and analytical problems in the lab prevented identifica- 
tion of the plugging material. Little or no demonstrable plugging 
of the injector was experienced during the inhibitor injection 
tests at well 1/56-30. 
that very little phosphonate containing particles penetrated 
the filter elements. The majority of the particles in the filter 
elements contained carbonates. It is therefore assumed that 
carbonate particles caused the injector plugging during thes 
test at well 1/16-29. 

Filter analyses in the latter test showed 

9) Any application of scale inhibitors can cause the formation of 
pseudo-scale and/or injector plugging by scale particles. The 
inhibitor used should be preferably a "threshold" type inhibitor 
such as Dequest* 2060 and not an inhibitor which prevents the 
adherence of the precipitated material without preventing the 
precipitation per se. 

10) Laboratory tests with radioactive C-14 labeled Dequest* 2060 
showed an extremely complicated precipitation behavior of this 
compound. The critical precipitations of calcium phosphonate 
depend upon the: (a) temperature; (b) brine composition, particularly 
the calcium content; (c) pll; and (d) Dequest* 2060 concentration. 

The amount of calcium phosphonate precipitation in artificial 
brines created in the laboratory could be measured only at high 
calcium and Dequestk 2060 concentrations. Using the actual field 
brine showed precipitations at fairly low calcium concentrations. 
It is not quite clear why calcium phosphonate precipitates from 
the field brine at low calcium concentrations, while the artificial 
brines show precipitations only at much higher calcium concentrations. 
However, it was found that N a C l  in the aqueous fluid enhances 
the precipitations of calcium phosphonate. 

3.0 RECOMMENDATIONS 

1) Field tests similar to those described in this report are recommended 
for solving calcium carbonate scale problems elsewhere in surface 
installations. The maximum and minimum amounts of an inhibitor 
must be determined for the specific conditions existing at other 
locations. 
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2 )  

3)  

4.0 

A d d i t i o n a l  methods f o r  scale  i n h i b i t o r  implacement should b e  
e c a l u a t e d  i n  t h e  f i e l d  i f  c a r b o n a t e  scale i s  formed downhole. 
The s u c c e s s f u l  tests a t  R G I ' s  East Mesa f i e l d  must b e  cons idered  
m l y  t h e  f i r s t  s t e p  towards s o l v i n g  t h e  downhole c a r b o n a t e  scale 
problem i n  geothermal  o p e r a t i o n s .  

Labora tory  tests w i t h  r a d i o a c t i v e l y  l a b e l e d  Dequest" 2060 o r  
o t h e r  scale i n h i b i t o r s  should  b e  expanded t o  e v a l u a t e  t h e  p r e c i p i t a -  
t i o n  of pseudo-scale  forming i n h i b i t o r s  s a l t s  over  a wide range  
of geothermal  c o n d i t i o n s .  By e v a l u a t i n g  t h e  p r e c i p i t a t i o n  range  
i n  t h e  l a b o r a t o r y  b e f o r e  a p p l y i n g  t h e  i n h i b i t o r  i n  t h e  f i e l d ,  
major damage due t o  pseudo-scale  format ion  i n  t h e  downhole equipment 
can b e  avoided i n  t h e  f i e l d .  

INTRODUCTION 

Lawrence Berkeley L a b o r a t o r i e s  (LBL) manages a comprehensive program 
concerned w i t h  t h e  development of geothermal  r e s o u r c e s  f o r  t h e  United 
States Department of Energy, D i v i s i o n  of Geothermal Energy (DOE/DGE). 
They are t h e r e f o r e  i n t e r e s t e d  i n  r e s e a r c h  and f i e l d  methods l e a d i n g  
t o  a n  e f f e c t i v e  c o n t r o l  of scale i n  geothermal  o p e r a t i o n s .  Republ ic  
Geothermal,  I n c .  (RGL), a geothermal  o p e r a t o r  i n  East Mesa, C a l i f o r n i a ,  
was c o n f r o n t e d  w i t h  CaC03 scale  problems. Monsanto Chemical Company 
(MCC) i s  a major  manufac turer  of chemical  scale  i n h i b i t o r s  and wanted 
t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  of i t s  p r o d u c t s  i n  a geothermal  f i e l d .  
I n  1978, a c o n t r a c t  w a s  awarded t o  Vetter Research (VR), Zos ta  Mesa, 
C a l i f o r n i a ,  t o  s t u d y  t h e  f e a s i b i l i t y  of e f f e c t i v e  scale  c o n t r o l  i n  
R G I ' s  East  Mesa f i e l d  w i t h  i n h i b i t o r s .  T h i s  work w a s  funded by LBL 
(DOE), R G I  and MCC. 

Two series of i n h i b i t o r  tes ts  w e r e  performed. Both tests had t h e  
same b a s i c  o b j e c t i v e :  
f i e l d  a t  a r e a s o n a b l e  c o s t  w i t h o u t  g e n e r a t i n g  problems due t o  u n d e s i r e d  
s i d e  e f f e c t s  caused by t h e  a d d i t i o n  of t h e  i n h i b i t o r .  The i n h i b i t o r  
used was Dequest" 2060, a Monsanto chemical .  

t o  p r e v e n t  t h e  CaC03 scale format ion  i n  t h e  

The f i r s t  f i e l d  test a t  w e l l  1/16-29 w a s  conducted between March 25,  
1978 and A p r i l  7 ,  1978. T h i s  t es t  w a s  p remature ly  t e r m i n a t e d  because  
of a downhole pump f a i l u r e .  To f i n i s h  t h e  p r o j e c t ,  a new scale i n h i b i t i o n  
f i e l d  t e s t  a t  w e l l  #56-30 w a s  conducted between February 8 ,  1979 and 
March 6 ,  1979. 
i n h i b i t o r  e v a l u a t i o n  because  t h e  c a r b o n a t e  scale problem a t  E a s t  Mesa 
w e r e  s o l v e d  i n  a t e c h n i c a l l y  and economical ly  f e a s i b l e  way. 

This  l a t t e r  t es t  completed R G I ' s  program on scale  

The b a l a n c e  of t h e  r e p o r t  which f o l l o w s  c o n t a i n s :  
of t h e  background and m o t i v a t i o n  f o r  t h e  work; (b)  d e t a i l e d  d e s c r i p t i o n s  
o f  t h e  two i n h i b i t o r  exper iments  and t h e i r  r e s u l t s ,  and ( c )  a summary 
of t h e  p r e - r e q u i s i t e  l a b o r a t o r y  work on Dequest* 2060 behavior: .  

( a )  a g e n e r a l  d i s c u s s i o n  
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5.0 BACKGROUND ON SCALE IN GEOTHERNAL OPERATIONS 

Scale is a major problem in geothermal operations. Different types 
of scale are found in the various geothermal areas and, sometimes, 
even within the various wells of a given field. A wide variety of  
types of scale (composition and morphology) and scale deposition rates 
can be expected because of differences between brine compositions, 
reservoir conditions and operational procedures in geothermal fields. 
In addition, almost every field exhibits different types of scale 
depending upon the location within the field system. For example, 
carbonates, heavy metal sulfides and silicates commonly form scales 
of changing composition and thickness within production wells. 80th 
composition and thickness can change drastically with depth. A s  the 
produced brine flows through the surface system, additional scaling 
may occur. Further cooling of the brine may ultimately lead to the 
formation of silica scales of varying morphology. 

This variety of different scciles Leads to considerable confusion among 
operating personnel, What is not understood is that the reactions 
(precipitations) leading to scale build-ups are complicated functions 
of the thermodynamics (brine compositioc, pressure, temperature), 
the kinetics (time required to start and complete a reaction) and 
the hydrodynamics which may control the diffusion of the ions and 
the transport of precipitated particles to the walls of the system. 
All these basic parameters can change within a very short time or 
distance in the system which contains the flowing geothermal brine. 

5.1 PREVENTING SCALE CAN BE A COMPLEX PROBLEM 

To prevent or minimize scale in a technically and economically feasible 
way requires a thorough knowledge of many of the reactions leading 
to its formation. Whatever the approach, it will probably be specific 
to o n l y  one of t he  individual scales formed in a given geothermal 
operation. For example, a chosen method may prevent the formation 
of CaC03 scale, but may have no effect on the silica and heavy metal 
sulfides scales. 

A l s c ; ,  the method chosen to fight the individual scale must be compatible 
with the remaining fluids and operations within the field. This is 
a major requirement and cannot be overlooked. 
e.g., adjusting the pH to low levels (prevention of carbonate scales) 
or to high levels (prevention of silica scale), may cause more operating 
problems than they solve. The same holds true when other methods 
including the application of "threshold" inhibitors, are used to prevent 
sulfate or carbonate scales. 

Chemical brine alterations, 

5.2 CaCO? INHIBITION IN G E O T H E W L  OPERATIONS 

The study described in this report is concerned only with CaC03 scale 
formation and its prevention under a specifiic set of conditions; i.e., 
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t h o s e  a t  RGI's East Mesa f i e l d .  I n  g e n e r a l ,  however, CaC03 scale  
can b e  formed i n  v a r i o u s  l o c a t i o n s  w i t h i n  a f i e l d :  e . g . ,  (a )  t h e  
r e s e r v o i r  i n  t h e  v i c i n i t y  of t h e  producers ;  (b)  t h e  producer  w e l l b o r e s ;  
( c )  t h e  s u r f a c e  f a c i l i t i e s ;  (d) t h e  i n j e c t o r  w e l l b o r e s ;  and ( e )  t h e  
r e s e r v o i r  i n  t h e  v i c i n i t y  of t h e  i n j e c t o r s .  

Of p a r t i c u l a r  concern t o  many o p e r a t o r s  i s  heavy CaC03 scale format ion  
downliole i n  t h e  p r o d u c t i o n  w e l l b o r e  and r e s e r v o i r .  Sometimes, w e l l s  
f low only  f o r  a l i m i t e d  number of days o r  even hours  b e f o r e  t h e  product ion  
c e a s e s  because  o f  a n  e x t r a o r d i n a r i l y  r a p i d  format ion  of CaC03 scale. 
Some o p e r a t i o n s ,  e . g . ,  t h e  f i e l d s  i n  Turkey, have come t o  a s t a n d s t i l l  
because of t h i s  problem. Var ious  o p e r a t o r s  are p r e s e n t l y  a t t e m p t i n g  
t o  i n h i b i t  CaC03 s c a l i n g  downhole. No d a t a  r e g a r d i n g  t h e s e  a t t e m p t s  
have been d i s s i m i n a t e d  i n t o  t h e  p u b l i c  domain. 

F u t u r e  CaCO3 t e s t  programs should  i n c l u d e  a t t e m p t s  t o  i n h i b i t  scale 
i n  w e l l b o r e s  by: ( a )  cont inuous  i n j e c t i o n  of i n h i b i t o r s  through a 
maccaroni  s t r i n g  a t  t h e  bottom of t h e  w e l l ;  and (b) squeez ing  of  t h e  
i n h i b i t o r  i n t o  t h e  format ion  around the  p r o d u c t i o n  w e l l .  Convent ional  
t y p e s  of scale i n h i b i t o r s ,  used s u c c e s s f u l l y  i n  o i l  and gas  f i e l d s ,  
seem t o  have a b e t t e r  chance t h a n  chemical  b r i n e  a l t e r a t i o n ,  e . g . ,  
cont inuous  o r  ba tchwise  a c i d i f i c a t i o n ,  t o  s u c c e s s f u l l y  s o l v e  s c a l e  
problems i n  t h i s  manner. However, t h e r e  a re  major problems i n  downhole 
experiment  a t  i o n  w i t h  t h e s e  i n h i b i t o r s  : 

Downhole a p p l i c a t i o n s  of t h e  chemicals  i n  a f lowing  w e l l  
a r e  c o s t l y  and n o t  w i t h o u t  r i s k  t o  t h e  w e l l  i t s e l f .  

C o m p a t i b i l i t y  problems between t h e  i n h i b i t o r s  and v a r i o u s  
components of t h e  b r i n e  can l e a d  t o  s e r i o u s  o p e r a t i n g  problems 
and c o s t l v  subsequent  work-overs. 

The hardware r e q u i r e d  t o  apply  t h e  i n h i b i t o r s  downhole i s  
n o t  y e t  developed o r  proven f o r  t h e  s p e c i a l  f low c o n d i t i o n s  
i n  a geothermal  w e l l .  

The n e c e s s a r y  i n f o r m a t i o n  t o  apply  t h e  squeeze i n h i b i t i o n  
t e c h n i q u e  i s  n o t  y e t  a v a i l a b l e .  

The r e q u i r e d  hydro thermal  s t a b i l i t y  of t h e  i n h i b i t o r s  h a s  
n o t  y e t  been proven o r  even measured i n  l a b  exper iments .  

The e f f i c i e n c i e s  of t h e  l a r g e  number of commercially a v a i l a b l e  
i n h i b i t o r s  under  t h e  h i g h  bot tomhole tempera tures  h a s  never  
been measured. It is  n o t  f e a s i b l e  economical ly  and t i m e -  
w i s e  t o  measure t h e  e f f i c i e n c y  of a l a r g e  number of i n h i b i t o r s  
i n  a c t u a l  w e l l  tests. 
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5 . 3  C a C O ?  PREVENTION I N  SURFACE OPERATIONS AT EAST MESA 

R G I ,  MCC and VR were w e l l  aware of t h e  fo rego ing  problems w i t h  downhole 
i n h i b i t i o n  and developed a p l an  of a t t a c k .  I n s t e a d  of  a t t e m p t i n g  
t o  s o l v e  t h e  more d i f f i c u l t  downhole problems f i r s t ,  a less severe 
set  of tempera ture  and i n h i b i t o r  a p p l i c a t i o n  c o n d i t i o n s  was thought  
t o  be  more a p p r o p r i a t e .  
f i e l d  tests. Its w e l l s  i n  Eas t  Mesa have a f a i r l y  low t empera tu re  
(320-340°F)  and are  produced by downhole pumping. Th i s  p roduc t ion  
method p r e v e n t s  t h e  d i s s o l v e d  C02 from b reak ing  o u t  of s o l u t i o n  w i t h i n  
t h e  w e l l b o r e .  T h i s ,  i n  t u r n ,  p r e v e n t s  t h e  CaC03 scale  from forming 
w i t h i n  t h e  w e l l b o r e  and s h i f t s  t h e  l o c a t i o n  of t h e  e n t i r e  CaC03 scale 
problem i n t o  t h e  s u r f a c e  equipment where i t  i s  more a c c e s s i b l e .  I n  
a way, t h e  s u r f a c e  equipment becomes an  a c c e s s i b l e  e x t e n s i o n  of t h e  
we l lbo re .  This  se t -up  i s  i d e a l l y  s u i t e d  f o r  exper iments  of  t h i s  n a t u r e .  
The s h i f t  of t h e  C02 f l a s h  zones due t o  t h e  i n s t a l l e d  downhole pumps 
a l l o w  i n h i b i i t o r  and o t h e r  exper iments  i n  inexpens ive  and conven ien t ly  
o p e r a t a b l e  t es t  loops  on t h e  s u r f a c e .  Then, a comprehensive s t u d y  
of s i n g l e  phase  and two phase  systems can be  e a s i l y  conducted.  

R G I  had an " i d e a l "  c a n d i d a t e  f o r  t h e  planned 

I n  a d d i t i o n  t o  t h e  fo rego ing  advan tages ,  t h e  b r i n e s  produced a t  East Mesa 
have f o u r  ex t remely  impor t an t  f a v o r a b l e  p r o p e r t i e s  f o r  t h e s e  t y p e s  
of exper iments :  

1) The fo rma t ion  of  c a r b o n a t e  scales  i s  s i g n i f i c a n t .  For  example,  
a f low r a t e  of 50,000 b a r r e l s  p e r  day can d e p o s i t  as much 
as 1 .5  i n c h e s  of  ca rbona te  s c a l e  a t  t h e  f l a s h  p o i n t  i n  l e s s  
t h a n  100 hour s  of  f low.  Thus, s c a l e  i n h i b i t o r  e f f i c i e n c i e s  
can b e  s t u d i e d  i n  f a i r l y  s h o r t  experiment  t imes.  

2 )  The ca lc ium,  magnesium and i r o n  c o n t e n t  of t h e  b r i n e s  i s  
v e r y  low; t h u s ,  no  se r ious  i n t e r f e r e n c e  between t h e  i n h i b i t o r  
molecules  and d i v a l e n t  i o n s  (pseudo-scale)  are  expec ted .  

3 )  The low i r o n  c o n t e n t  does n o t  ac t  as an  i n h i b i t o r  po i son .  

4 )  The composi t ion of  t h e  r e s e r v o i r  b r i n e  i s  easy  t o  de t e rmine  
w i t h o u t  t h e  need f o r  l eng thy  and,  p o s s i b l y ,  wrong c a l c u l a t i o n s  
because  no i n t e r f e r i n g  scale i s  formed downhole. 

It w a s  f e l t  by t h e  p a r t n e r s  ( R G I ,  MCC and VR) i n  t h i s  s t u d y  t h a t  t h e  
R G I  E a s t  Mesa f i e l d  w a s  an  i d e a l  c a n d i d a t e  f o r  s t a r t i n g  a t e c h n i c a l l y  
v i a b l e  r e s e a r c h  program on t h e  v a r i o u s  a s p e c t s  of CaC03 scale  p r e v e n t i o n  
i n  geothermal  o p e r a t i o n s .  A s u c c e s s f u l  e f f o r t  a t  E a s t  Mesa, however, 
r e p r e s e n t s  on ly  a start a t  p r e v e n t i n g  CaC03 s c a l i n g  e l sewhere  under  
c o n d i t i o n s  which are less f a v o r a b l e  f o r  t h e  a p p l i c a t i o n  of i n h i b i t o r s .  
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5 .4  PREVIOUS SCALE PREVENTION WORK IN RGI'S EAST MESA OPERATIONS 

Work p r i o r  t o  t h a t  r e p o r t e d  h e r e i n  a t  East Flesa w i t h  cont inuous and 
b a t c h  a c i d  t r e a t m e n t  showed t h a t  i t  i s  t e c h n i c a l l y  f e a s i b l e  t o  remove 
CaCO3 on a cont inuous  o r  b a t c h  b a s i s .  
are  be ing  p r i n t e d  f o r  d i s s e m i n a t i o n  i n t o  t h e  p u b l i c  domain. 
a c i d  t r e a t m e n t  proved t o  b e  very  expens ive .  Batch a c i d  t r e a t m e n t  
i s  economical ly  f e a s i b l e ,  b u t  may r e q u i r e  s p e c i a l  pxecaut ions  i n  d e s i g n i n g  
and o p e r a t i n g  a f u t u r e  power p l a n t .  Mechanical removal is  a n o t h e r  
economical ly  f e a s i b l e  scale c o n t r o l  method, b u t  a l s o  compl ica tes  p l a n t  
d e s i g n  and maintenance.  An experiment  w i t h  scale  i n h i b i t o r s  t o  e v a l u a t e  
t h e  t e c h n i c a l  and economic f e a s i b i l i t y  of p r e v e n t i n g  CaC03 scale  on 
a cont inuous  b a s i s  was r e q u i r e d  t o  complete  t h e  examinat ion of a l t e r n a t i v e s .  

DOE r e p o r t s  on t h i s  s u b j e c t  
Continuous 

6 . 0  I N H I B I T O R  TEST AT VELL NC. 16-29 

This  tes t  work w a s  n o t  covered under  t h e  LBL c o n t r a c t  t o  VR. It  w a s  
funded by R G I  and MCC. The f i e l d  and l a b  work w a s  performed by VR. 
RGI's and MCC's management allowed t h e  i n c l u s i o n  of t h e  d e s c r i p t i o n  
of the f i e l d  exper iments ,  l a b  w o r k  and tes t  r e s u l t s  i n  the p r e s e n t  
r e p o r t  f o r  completeness .  

The f i e l d  equipment used d u r i n g  t h e s e  tests w a s  d e s c r i b e d  i n  p r e v i o u s  
DOE reports.'k'k 
b e  d i s t r i b u t e d  through t h e  NTLS system. The b a s i c  f i e l d  tes t  equipment 
is  shown i n  F i g u r e  1. 

These r e p o r t s  are p r e s e n t l y  b e i n g  p r i n t e d  and w i l l  

6 . 1  BASE L I N E  TEST WITHOUT I N J E C T I O N  OF SCALE I N H I B I T O R  

Flow through t h e  tes t  loop  ( F i g u r e  1) a f t e r  a c i d  c l e a n i n g  w a s  s t a r t e d  
on March 28,  1978 a t  10:15 a . m .  During t h i s  f i r s t  tes t  p e r i o d ,  no 
i n h i b i t o r  w a s  i n j e c t e d .  This  w a s  done i n  o r d e r  t o  de te rmine  t h e  b a s e  
l i n e  d a t a ,  namely, t h e  d e p o s i t i o n  rstes of t h e  CaC03 s c a l e  i n  t h e  
absence of an  i n h i b i t o r .  The loop  was o p e r a t e d  f o r  92  h o u r s  and 45 
minutes  and t h e n  s h u t  down f o r  v i s u a l  i n s p e c t i o n  and c o l l e c t i o n  of 
samples  on A p r i l  1, 1978  a t  7:OO a . m .  

The loop  i n c o r p o r a t e d  o r i f i c e  p l a t e s  of  predetermined s i z e s  t o  c o n t r o l  
t h e  p r e s s u r e  and tempera ture  w i t h i n  t h e  f o u r  test s p o o l s .  The o r i f i c e  
s i z e s  were 2 .5 ,  3 .5 ,  5 . 0 ,  and 7 .0  i n c h e s .  The average  f low rate  w a s  
375,000 l b / h r .  Average tempera tures  and p r e s s u r e s  observed throughout  
t h e  t es t  f a c i l i t y  axe l i s t e d  i n  Table  I. An e f f o r t  was made t o  m a i n t a i n  
c o n s t a n t  c o n d i t i o n s  d u r i n g  t h e  t z s t .  

**Vetter, O . J . ,  Campbell, D . A . ,  Kandarpa, V .  and Nalker ,  M . ,  "Geothermal 
F l u i d  I n v e s t i g a t i o n s  a t  R G I ' s  East Messa Test S i t e "  
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Conventional pressure and temperature gauges were used to monitor 
pressures and temperatures at the well site. 
inaccurate, partially because the thermometer wells tend to scale 
downstream of the flash point and, thereby, become insulated. It 
is also possible that the pressure gauges may be accurately reflecting 
the thermodynamic plus the hydrodynamic pressure regime and not simply 
the thermodynamic equilibrium condition reflected by the steam table 
comparisons shown. The data in Table I are accurate within a few 
psi or degrees at worst, however, and adequately portray the pressure/ 
temperature drops in the system. 

These gauges are somewhat 

No appreciable steam flash was encountered until downstream of the 
first spool. 
at all locations within the test loop. 
measurements and theoretical calculations. 
from this water at pressures less than 130 psig with a measured wellhead 
temperature of 320°F. 

On the Other hand, C02 flashing was definitely experienced 
This was confirmed by actual 

The CO2 starts to flash 

After shutting down the test loop, it was taken apart and each spool 
and orifice plate was thoroughly examined visually, the thickness 
of the scale at various points in the loop was measured, and samples 
were taken to be analyzed for their composition in the laboratory. 

6.1.1 SCALE TYPE 

Each scale sample was dried for 24 hours at 120°C and then dissolved 
in acid. The acid soluble fraction was then analyzed by AA for its 
composition. The results are given in Table 11, 

6.1.1.1 CARBONATE SCALE 

The majority of the scale is CaC03. 
indicated in Table 11. However, the scale is not pure CaC03. A small 
amount of iron and magnesium carbonates are also present along with 
a small amount of siliceous material (acid insoluble). The last column 
in Table I1 shows the calculated fraction of CaC03 in the acid soluble 
portion of  the entire scale. 

This was expected and is cl-arly 

6.1.1.2 SILICEOUS SCALE 

The acid insoluble portion of the scale has not been analyzed in detail, 
but appears to be a complex mixture of silicates, clays and silica. 
Present theory does not predict silica precipitation at these high 
temperatures and, therefore, such material may consist of produced 
formation fines and silicate scale. The presence of siliceous materials 
in the CaC03 matrix, even though minor, cannot be ignored because 
it can effect long-term injectivity; i.e., injector plugging cannot 
be completely restored by a simple HC1 acid j o b  with this llinsolublel' 
residue present. 
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6.1 .2  SCALE DEPOSITION RATE 

The r a t e  of scale  format ion  i n  t h e  test  loop  w a s  s i g n i f i c a n t .  The 
t h i c k n e s s  of t h e  scale v a r i e d  from s p o o l  t o  s p o o l  as i n d i c a t e d  i n  
Table  111. 
t h e  l e n g t h  of t h e  tes t  loop  and most l i k e l y  extended a l l  t h e  way i n t o  
t h e  s e p a r a t o r .  The t o t a l  l e n g t h  of t h e  e i g h t  i n c h  d i a m s t e r  p i p e  (OD) 
of t h e  s c a l e d  p o r t i o n  of t h e  l o o p  i s  approximate ly  54 f e e t  (16.5 m e t e r s )  
w i t h  an  a d d i t i o n a l  25  f e e t  (7.6 m e t e r s )  from t h e  loop  t o  t h e  s e p a r a t o r .  
A rough c a l c u l a t i o n  shows t h a t  t h e  t o t a l  volume of d e p o s i t e d  s c a l e  
w a s  approximately 3,360 c u b i c  i n c h e s  o r  55,000 c u b i c  c e n t i m e t e r s  i n  
t h e  loop a l o n e .  
of t o t a l  mass flow w a s  roduced d u r i n g  t h i s  t es t .  This  volume i s  

means each l i t e r  of t h i s  water ( t o t a l  f low) produced h a s  d e p o s i t e d  
3.1 x 
l o o p  assuming a CaC03 s p e c i f i c  weight  of o n l y  2.1*)k*. 
t h e  same v a l u e  as found p r e v i o u s l y  f o r  w e l l  1/38-30, even though t h e  
Ca* c o n t e n t  of  1/16-29 water i s  approximate ly  2.5 t i m e s  t h a t  of t h e  
838-30 w a t e r .  

An average  of 0.22 i n c h e s  (0.56 cm) was found throughout  

A t o t a l  volume of 3 .48  x l o 7  pounds o r  110,500 b a r r e l s  

e q u i v a l e n t  t o  4 .64  x LO E g a l l o n s  o r  1 . 7 6  x l o 7  l i t e r s  of w a t e r .  This  

cm3 o r  approximate ly  6.5 mg of CaC03 scale i n  t h e  t e s t  
T h i s  i s  roughly 

The amount of scale d e p o s i t e d  p e r  l i t e r  of w a t e r  i s  f a i r l y  s m a l l ,  
b u t  i l l u s t r a t e s  a common problem i n  most geothermal  o p e r a t i o n s .  The 
d e t r i m e n t a l  e f f e c t s  of s c a l e  format ion  may b e  v e r y  small  p e r  volume 
u n i t  of produced w a t e r  (e .g . ,  p e r  l i t e r ) .  However, t h e  o v e r a l l  e f f e c t s  
become l a r g e  due t o  t h e  ex t remely  l a r g e  amounts of  f l u i d  produced 
i n  power g e n e r a t i n g  o p e r a t i o n s .  A 6 4  Mw power p l a n t  a t  East Mesa 
r e q u i r e s  approximate ly  1 .85  x 106 g a l l o n s  o r  7 .0  x 106  l i t e r s  of t o t a l  
f low p e r  hour .  
100 pounds of C a C 0 3  p e r  hour .  

The h e a v i e s t  scale  format ion  w a s  encountered i n  t h e  t h i r d  s p o o l  (downstream 
of tne f i v e  i n c h  o r i f i c e ) .  The scale t h i c k n e s s  h e r e  averaged 0 . 4 4  
i n c h e s .  
p e r  92 .75  hour  p e r i o d ,  t h e  e n t i r e  t h i r d  s p o o l  ( e i g h t  i n c h  p i p e )  would 
have been f i l l e d  w i t h  scale  a f t e r  an  o p e r a t i o n a l  p e r i o d  of 843 h o u r s  
o r  35 days.  
are used i n  a f u t u r e  power p l a n t ,  t h i s  r a t e  of s c a l e  €ormation w i l l  
s t i l l  c a u s e  problems i f  ignored .  

This  f low would d e p o s i t  4 . 5 5  x l o 4  grams o r  approximate ly  

Assuming a c o n s t a n t  s c a l e  d e p o s i t i o n  ra te  of 0 . 4 4  i n c h e s  

Even i f  ex t remely  l a r g e  f l a s h  chambers -and s e p a r a t o r s  

6 . 2  THE EXPERIMENTAL SET-UP 

The se t -up  of t h e  i n h i b i t o r  i n j e c t i o n  equipment a t  t h e  wel l s i te  w a s  
v e r y  s imilar  t o  t h a t  used f o r  p r e v i o u s  a c i d  i n j e c t i o n  exper iments .  

***The s p e c i f i c  weight  of CaCO3 ( c a l c i t e )  i s  2.71. tiowever, on ly  a 
v e r y  s m a l l  p o r t i o n  of  t h e  d e p o s i t e d  ca l c i t e  h a s  t h i s  h i g h  b u l k  
d e n s i t y .  The m a j o r i t y  of t h e  s c a l e  i s  a v e r y  porous ,  f l u f f y  material ,  
w i t h  a b u l k  d e n s i t y  of  approximate ly  2 . 1  as measured i n  t h e  l a b o r a t o r y .  
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Two 50-gal lon p l a s t i c  c o n t a i n e r s  were used as t h e  s t o r a g e  f o r  t h e  
d i l u t e d  i n h i b i t o r .  A d i l u t i o n  of one p a r t  i n h i b i t o r  t o  t h r e e  p a r t s  
produced water w a s  used ,  A P u l s a f e e d e r  pump model 7120 was used f o r  
t h e  i n j e c t i o n .  A s t a i n l e s s  s t ee l  f i l t e r  was mounted i n  t h e  s u c t i o n  
l i n e  t o  p r e v e n t  a f a i l u r e  of  t h e  b a l l  check v a l v e s  i n  t h e  s u c t i o n  
and d i s c h a r g e .  A back p r e s s u r e  r e g u l a t o r  i n  t h e  d i s c h a r g e  l i n e  was 
i n s t a l l e d  and se t  a t  500 p s i g  t o  a c h i e v e  c o n s t a n t  f low c o n d i t i o n s .  
The pump r a t e  w a s  monitored through a t h r e e - l i t e r  c a l i b r a t e d  l u c i t e  
vessel i n s t a l l e d  i n  t h e  s u c t i o n  l i n e  of t h e  pump. T h i s  l u c i t e  v e s s e l  
was a l s o  connected t o  t h e  50-gal lon drums and could  e a s i l y  b e  f i l l e d  
through a valve mani fo ld  i n  t h e  s u c t i o n  l i n e .  A v e r y  c o n s t a n t  pump 
ra te  of 110 mllmin w a s  n e c e s s a r y  t o  o b t a i n  a c o n s t a n t  c o n c e n t r a t i o n  
of 1Op1**** of i n h i b i t o r  ( a s  d e l i v e r e d  i n  t h e  drum) p e r  l i t e r  of t o t a l  
mass flow. The i n j e c t i o n  n i p p l e  w a s  i n s t a l l e d  approximate ly  10  f e e t  
downstream of  t h e  wel lhead .  

6 . 3  THE DEQUEST" 2060 I N J E C T I O N  

The test LOOP w a s  c leaned  of  p r e v i o u s l y  d e p o s i t e d  CaC03 scale  by  a c i d i z i n g .  
Dequest" 2060 i n j e c t i o n  w a s  s t a r t e d  on A p r i l  1, 1 9 7 8  a t  approximate ly  
8:OO p.m. 
Dequest* 2060 c o n c e n t r a t i o n  of 10 p l l l i t e r  i n  t h e  water w h i l e  t h e  
t o t a l  f low was d i r e c t e d  through t h e  by-pass l i n e ,  i . e . ,  n o t  th rough 
t h e  t e s t  loop .  These a d j u s t m e n t s  were f i n i s h e d  by 11:OO p.m., a t  
which t i m e  t h e  tes t  loop  w a s  opened. The t es t  loop  was r u n  under  
c o n d i t i o n s  similar t o  t h o s e  d e s c r i b e d  f o r  t h e  b a s e  run .  The loop  
w a s  s h u t  down on A p r i l  7 ,  1 9 7 8  a t  1:30 p.m. by d i r e c t i n g  t h e  t o t a l  
mass f low through t h e  by-pass l i n e .  The l o o p  was t h e n  opened, v i s u a l l y  
i n s p e c t e d  f o r  scale d e p o s i t s  and samples of d e p o s i t e d  s o l i d s  w e r e  
t aken .  

The ra te  of i n j e c t i o n  w a s  a d j u s t e d  t o  t h e  prede termined  

During t h e  i n j e c t i o n  of t h e  Dequest't 2060, a l a r g e  number of  l i q u i d  
samples  w a s  c o l l e c t e d  throughout  t h e  s u r f a c e  i n s t a l l a t i o n s  a t  w e l l s  
1/16-29 and #18-28 ( i n j e c t i o n  w e l l ) .  These samples w e r e  ana lyzed  i n  
an e l a b o r a t e  a n a l y t i c a l  program t o  a l l o w  c o n c l u s i o n s  as t o  t he  Dequest* 
2060 b e h a v i o r  and i t s  e f f e c t  on t h e  s c a l i n g  tendency a t  v a r i o u s  l o c a t i o n s .  
The d e s c r i p t i o n  of t h e  samples and t h e  a n a l y t i c a l  r e s u l t s  are provided 
i n  T a b l e  I V .  

A number of  samples were a l s o  c o l l e c t e d  t o  de te rmine  t h e  C02 c o n c e n t r a t i o n s  
a t  v a r i o u s  l o c a t i o n s ,  t h e r e b y  a l l o w i n g  a comparison of t h e  C02 f l a s h i n g  
w i t h  and w i t h o u t  an  i n h i b i t o r .  
V and X .  

T h i s  C02 d a t a  i s  provided  i n  Tables  

****The g o a l  was t o  i n j e c t  "10 ppm" Dequest* 2060. However, f o r  p r a c t i c a l  
moni tor ing  and i n j e c t i o n  i n  t h e  f i e l d ,  i t  was dec ided  t o  u s e  t h e  u n i t  
"~l/l". 
and t h e  a c t i v i t y  was 50 p e r c e n t .  
and a l l o w s  v e r y  quick  c o n v e r s i o n s  from metric t o  E n g l i s h  systems.  

The s p e c i f i c  weight  of t h e  d e l i v e r e d  Dequest* 2060 w a s  1 . 4  
T h i s  u n i t  i s  v e r y  e a s y  t o  comprehend 
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A comparison of t h e s e  C02 d a t a  i l l u s t r a t e s  t h a t  t h e  i n j e c t i o n  of Dequest* 
2060 h a s  no measurable  e f f e c t  on t h e  C 0 2  f l a s h i n g  a t  i n j e c t i o n  rates 
between 2.5 and 10.0 ul Dequest" 2060 p e r  l i t e r  wel lhead b r i n e .  

The C02 d a t a  i n  Tables  V and X can a lso b e  used t o  de te rmine  C 0 2  phase 
d i s t r i b u t i o n s  and f l a s h  b e h a v i o r  i n  t h e  e n t i r e  f i e l d  i n s t a l l a t i o n  
between t h e  wel lhead  and t h e  s e t t l i n g  t a n k s .  M a t e r i a l  b a l a n c e  c a l c u l a t i o n s  
u s i n g  a steam f l a s h  of 1 0  p e r c e n t  and t h e  C 0 2  c o n c e n t r a t i o n s  i n  wel lhead  
water (1098 m g / l i t e r ) ,  steam (6747 m g / l i t e r ) ,  and d i s c h a r g e d  w a t e r  
(444 m g / l i t e r )  show a n  a lmost  p e r f e c t  b a l a n c e .  Using t h e  C02 c o n c e n t r a t i o n s  
i n  t h e  steam and t h e  d i s c h a r g e d  water, one can c a l c u l a t e  how much 
C02 should  have been i n  t h e  wel lhead  water:  
measured c o n c e n t r a t i o n  w a s  1082-1098 m g / l i t e r .  

1075 m g / l i t e r .  The a c t u a l l y  

6.4 "SCALE" DEPOSITION DURING 10 p l / l  DEQUESTk 2060 I N J E C T I O N  

Samples from t h e  d e p o s i t e d  s o l i d s  w e r e  t a k e n  from t h e  opened test 
loop  and ana lyzed  f o r  t h e i r  major  components. 
t h e  a n a l y s e s  of t h e  "scale" samples c o l l e c t e d  d u r i n g  t h i s  run.  
t i m e  and e f f o r t  w a s  expended on a n a l y z i n g  these s o l i d  samples  f o r  
t h e i r  components. 
t o  a n a l y z e  t h e  o r g a n i c  phosphonates  and i n o r g a n i c  phosphonates  i n  
t h e s e  s o l i d  samples.  D r .  H. Harris,  MONSANTO, S t .  L o u i s ,  a t t e m p t e d  
s t r u c t u r a l  a n a l y s e s  of t h e  samples .  U n f o r t u n a t e l y ,  t h e  X-ray d i f f r a c t i o n  
a n a l y s e s  showed t h a t  a l l  t h e  samples were X-ray amorphous. The phosphorous 
NEfR d a t a  are  a l s o  u s e l e s s  because  no spectrum would b e  o b t a i n e d .  
The i r o n  c o n t e n t  i n  t h e s e  s o l i d  samples caused band widening,  t h u s  
p r e v e n t i n g  u s a b l e  s p e c t r a  i n  t h e  NMR. 

Tables  VL and V I 1  show 
Cons iderable  

A major  a n a l y t i c a l  problem o c c u r r e d  d u r i n g  a t t e m p t s  

F a i r l y  rough a t t e m p t s  t o  shed some p r e l i m i n a r y  l i g h t  on t h e  molecular  
s t r u c t u r e  of t h i s  ' tscalett  ended w i t h  t h e  f o l l o w i n g  r e s u l t s :  

The samples are most l i k e l y  t h e  calcium sal ts  of t h e  Dequest" 
2060. 

The m o l e c u l a r  r a t i o  of ca lc ium ions t o  t h e  o r i g i n a l  Dequest* 
2060 molecule  f a l l s  i n t o  t h e  range  of 4.70 t o  4 . 8 0 ,  i . e . ,  
t h i s  r a t i o  i s  roughly  5.0. I n  o t h e r  words,  each  Dequest" 
2060 molecule  c h e l a t e d  f i v e  calcium i o n s .  

There i s  no a p p r e c i a b l e  amount of C 0 2  c o n t a i n e d  i n  t h e s e  
samples.  T h i s  means, t h i s  "scale" i s  d e f i n i t e l y  n o t  CaC03 
such  as t h e  scale formed under  t h e  same thermodynamic c o n d i t i o n s ,  
b u t  i n  t h e  absence  of DequestJc 2060 phosphonate.  

It may b e  assumed t h a t  t h i s  "scale" i s  a pseudo-scale  of 
calcium phosphonate  formed by t h e  i n t e r a c t i o n  between t h e  
added Dequest" 2060 molecules  and t h e  calcium i o n s  c o n t a i n e d  
i n  t h e  n a t i v e  water. 
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Table VI11 shows the results of the visual loop inspection on April 6 ,  
1978 after injection of Dequest" 2060  (10 ~1/1). A comparison between 
the data listed in Table ILL and those given in Table VIII allows 
one quick conclusion: 
2 0 6 0  injection was less than that formed without Dequest* 2060 by 
at least a factor of 20. This by itself can be considered a success. 
In addition, no scale was formed upstream of the inlet valve and downstream 
of the outlet valve of the test loop. 

The llscalett deposition formed during Dequest* 

The "scale" deposited during this period had a totally different appearance 
than that previously encountered. It formed hardly any bond with 
the metal surfaces and was easily wiped off with the finger. 

A few facts became obvious after evaluating the information presented 
in Tables I, 111, and VIII: 

l) The Dequest* 2 0 6 0  compound completely eliminated the calcium 
carbonate deposition at all locations in the test Loop. 

2 )  Dequestye 2 0 6 0  will inhibit any CaC03 scale formation at the 
East Mesa site at concentrations lower than 10 111 per liter, 
A quick calculation shows that 10 p l  of Dequest* 2060  per 
liter o f  total mass f low (single phase water) represents 
an hourly need of 18.8 gallons for a 6 4  Mw plant assuming 
a 10 percent flash, 22 lbs. of steam per KW hr and 315 l b .  
per barrel of produced water. The cost for this inhibitor 
would be $ 2 2 0  per hour, assuming a bulk sales price of $11.70 
per gallon. This cost would add $0.0034 or approximately 
3 mills to the production of each Whr. This price is not 
acceptable relative to alternatives. 

3)  The Dequest" 2 0 6 0  phosphonate compound reacted with the calcium 
ions of the water and formed a fairly insoluble calcium salt 
which -by itself - forms a so-called pseudo-scale. This 
type of chemical reaction was expected, but it was hoped 
that the reaction would not occur at the extremely low Dequest" 
2 0 6 0  and calcium concentrations. 

4 )  The solubility of this pseudo-scale increases with decreasing 
temperatures. This means the formation of this pseudo-scale 
is not only a function of the water composition and inhibitor 
concentration as expected, but it is also a function of the 
temperature. 

5 )  The solubility product of the calcium phosphonate in this 
water was approximately 2.4  x at 3 2 0 " F ,  assuming a 
ratio of five calcium ions per mole Dequestk 2 0 6 0  in the 
solid phase and the data presented in Table LV (approximately 
7 mg/liter Caf+ = 1.75 x 10-4 mole Ca*/liter) and 7 mglliter 
Dequest* 2 0 6 0  molecules (= LO uL/liter = 1 .46  x mole/liter). 
This solubility product is lower than expected. 
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6)  Even a t  t h i s  ex t remely  low s o l u b i l i t y .  p r o d u c t ,  t h e  Dequest* 
2060 was s t i l l  a n  extremely e f f e c t i v e  scale i n h i b i t o r .  

The r e s u l t s  of t h i s  phase  of experiment  were cons idered  t o  b e  a n  ex t remely  
s u c c e s s f u l  m i l e s t o n e  i n  t h e  e f f o r t  t o  p r e v e n t  scale  format ion  i n  geothermal  
o p e r a t i o n s  through chemica ls  similar t o  Dequest* 2060. F u r t h e r  work 
was d e f i n i t e l y  warran ted .  

6 . 5  I N J E C T I O N  PROBLEMS D U R I N G  10 ~ 1 / 1  DEQUEST* 2060 I N J E C T I O N  

must be 
i s  f e l t  

1) 

2) 

Some i n j e c t i o n  problems were exper ienced  d u r i n g  t h e  10 p1/1 Dequest* 
2060 i n j e c t i o n .  The i n j e c t i v i t y  of t h e  i n j e c t o r  d e c l i n e d  f a s t e r  than 
u s u a l  d e s p i t e  t h e  presence  o f  an  e l a b o r a t e  f i l t e r  system upstream 
of t h e  i n j e c t o r  wel lhead .  Conversely,  t h e  f i l t e r s  were p lugging  a t  
a much lower r a t e  t h a n  u s u a l  d u r i n g  t h e  Dequest" 2060 i n j e c t i o n .  
Both phenomena ( i n c r e a s e d  w e l l  p lugging  and decreased  f i l t e r  p lugging)  

r e l a t e d  t o  t h e  p r e s e n c e  of DequestJ: 2060 i n  t h e  water. It 
t h a t  e i t h e r  one o r  b o t h  of  t h e  f o l l o w i n g  c o n d i t i o n s  p r e v a i l e d :  

The inhibition by the Dequest* 2060 i s  t i m e  dependent ,  i . e . ,  
t h e  e f f i c i e n c y  of t h i s  and most o t h e r  scale i n h i b i t o r s  d e c r e a s e s  
w i t h  e l a s p e d  t i m e .  This may have r e s u l t e d  i n  a delayed  p r e c i p i t a t i o n  
of CaC03 i n  ex t remely  f i n e  and non-adhering p a r t i c l e s  which 
e a s i l y  passed through t h e  f i l t e r s ,  b u t  still .  plugged t h e  
format ion .  

The s o l u b i l i t y  of  calcium phosphonate  shows a t o t a l l y  unexpected 
b e h a v i o r .  There i s  a d i s t i n c t  p o s s i b i l i t y  t h a t  t h e  s l o p e  
of  t h e  curve  showing t h e  r e l a t i o n  " s o l u b i l i t y  p r o d u c t  vs .  
tempera ture ' '  changes a g a i n  a t  lower t e m p e r a t u r e s .  Very f i n e  
calcium phosphonate  p r e c i p i t a t e s  could  have caused t h e  p lugging  
i f  t h e y  occur  a t  t h e  lower t e m p e r a t u r e s  as w e l l  as a t  t h e  
h i g h e r  t e m p e r a t u r e s  i n  t h e  loop.  A l so ,  a de layed  ca lc ium 
phosphonate  p r e c i p i t a t i o n  may o c c u r .  This  de layed  p r e c i p i t a t i o n  
may have t h e  same e f f e c t  on t h e  f i l t e r s  and i n j e c t i o n  w e l l  
as t h e  de layed  p r e c i p i t a t i o n  of CaC03 ( s e e  above) .  

An a t t e m p t  was made t o  e x t r a c t  some c o n c r e t e  i n f o r m a t i o n  from t h e  
water a n a l y s e s  l i s t e d  i n  T a b l e s  I V  and I X  t o  c l a r i f y  t h i s  i n j e c t i o n  
problem. U n f o r t u n a t e l y ,  t h e  a n a l y t i c a l  r e p r o d u c i b i l i t y  i s  only  on 
t h e  o r d e r  of a few p e r c e n t .  T h i s  i s  s u f f i c i e n t  f o r  most p u r p o s e s ,  
b u t  n o t  f o r  s o l v i n g  t h i s  t y p e  of problem. 

6.6 ATTEMPT TO I N J E C T  2 .5  p 1 / 1  DEQUEST* 2060 

The tes t  loop  was s t a r t e d  up a g a i n  on A p r i l  6,  1978 a t  5:OO p.m. 
The Dequest* 2060 i n j e c t i o n  r a t e  w a s  a d j u s t e d  t o  2 .5  p l / l i t e r .  
loop  w a s  s h u t  down on A p r i l  7 ,  1978 a t  5:OQ p.m. because  of a downhole 
pump f a i l u r e .  I n s p e c t i o n  of t h e  l o o p  a f t e r  t h i s  24-hour p e r i o d  showed 

The 
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no scale anywhere i n  t h e  loop,  n e i t h e r  real  scale nor pseudo-scale .  
However, t h e  t i m e  p e r i o d  may have been t o o  s h o r t  t o  alLoLj u n q u e s t i o n a b l e  
c o n c l u s i o n s .  S t i l l ,  t h i s  p r e l i m i n a r y  r e s u l t  was v e r y  encouraging ,  
The c o s t  of chemica ls  consumed i n  a 64 Mw power p l a n t  u s i n g  t h i s  concentra-  
t i o n  of Dequest* 2060 would b e  on t h e  o r d e r  of  0.725 m i l l s  p e r  ICWhr, 

Samples of  t h e  water were t a k e n  a t  v a r i o u s  l o c a t i o n s  and ana lyzed  
f o r  t h e i r  c o n s t i t u e n t s  ( s e e  Table  IX).  
a l s o  c o l l e c t e d  t o  de te rmine  t h e  C02 c o n c e n t r a t i o n s  i n  the v a r i o u s  
p r o c e s s  streams ( s e e  Table  X ) .  

Liquid  and g a s  samples  were 

6.7 C02 CONCENTRATION DURING 2.5 p 1 / 1  DEQDEST* 2060 I N J E C T I O N  

Table  X shows t h e  measured C 0 2  d a t a  d u r i n g  t h i s  t es t  p e r i o d .  
main r e a s o n  f o r  c o l l e c t i n g  and a n a l y z i n g  t h e s e  samples was t o  de te rmine  
t h e  mass b a l a n c e  of  t h e  C02 i n  t h e  v a r i o u s  p r o c e s s  streams. 
a l s o  n e c e s s a r y  t o  de te rmine  whether  t h i s  mass b a l a n c e  changes due 
t o  t h e  i n j e c t i o n  of 2 .5  ul/1 Dequest* 2060. 
l i s t e d  i n  Table  V w i t h  t h o s e  shown i n  Table  X shows t h a t  t h e r e  i s  
no d i f f e r e n c e  i n  t h e  e n t i r e  m a s s  b a l a n c e  when t h e  Dequest* 2060 i s  
p r e s e n t  a t  LO ~ 1 / 1  o r  a t  2.5 vl/l. I n  a d d i t i o n ,  Table  X shows a g a i n  
an  a lmost  p e r f e c t  mass b a l a n c e  of  t h e  C02 i n  a l l  t h e  p r o c e s s  streams. 
For  example, u s i n g  t h e  numbers of  6752 m g / l i t e r  C02 i n  t h e  steam, 
426 m g l l i t e r  C02 i n  t h e  water l e a v i n g  t h e  s e p a r a t o r ,  and assuming 
10 p e r c e n t  f l a s h  y i e l d s  a c a l c u l a t e d  value of 1058 m g l l i t e r  a t  t h e  
wel lhead .  The measured c o n c e n t r a t i o n s  a t  t h e  wel lhead  were between 
1026 and 1044 m g / l i t e r  C02. 

The 

It w a s  

A comparison of t h e  d a t a  

It i s  a l s o  i n t e r e s t i n g  t o  n o t e  t h a t  t h e r e  i s  h a r d l y  any d i f f e r e n c e  
between t h e  C 0 2  c o n c e n t r a t i o n  i n  t h e  water e n t e r i n g  t h e  t a n k  and t h a t  
l e a v i n g  t h e  tank. This  owuld b e  expec ted  from c a l c u l a t i o n s  r e g a r d i n g  
CO2 behavior using Henry's Law. This general behavior is indicated 
by Henry's Law, b u t  n o t  t h e  a b s o l u t e  magnitude of  t h e  C02 c o n c e n t r a t i o n  
i n  t h i s  water. 
are much h i g h e r  t h a n  c a l c u l a t e d  by u s i n g  Henry's Law. 
and c a l c u l a t i o n s  show t h a t  t h e  water e n t e r i n g  t h e  t a n k  h a s  a t o t a l  
C02 c o n t e n t  c o n s i s t i n g  of t h r e e  d i f f e r e n t  ' ' types"  of  C02: 

The a c t u a l l y  measured C02 c o n c e n t r a t i o n s  of t h i s  water 
Latest  c o n s i d e r a t i o n s  

1) Henry's Law C02 

2) Chemically r e a c t e d  CO2 

3)  "Entrained" C02 

These C02 "types"  are d i s c u s s e d  i n  a s e p a r a t e  DOE r e p o r t  on t h e  C 0 2  
behavior  of t h e  East  Mesa geothermal  f l u i d s .  
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6.8 ANALYTICAL PROBLEMS ENCOUNTERED DURING TEST WORK 

Tables I V  and I X  list the water analyses for samples taken during 
the two Dequest* 2060 injection periods. 
by using a Perkin-Elmer 603 AA spectrometer. Chloride and sulfate 
were determined by wet analyses. 
components were determined by the standard method of digesting the 
organic phosphate with ammonium persulfate end analyzing the samples 
before and after digestion by UV spectroscopy (Perkin-Elmer Model 
575) of the complexes generated with vanado-molybdates. 
are sufficient for most projects requiring this type of analytical 
data. However, the analytical errors at these low concentrations, 
even though they are relatively small - on the order of a few percent - 
are too large to permit the precise calculations required t o  shed 
some light on the injection problems encountered during the test, 

All the cations were determined 

The inorganic and organic phosphate 

These methods 

One way of attacking the injector plugging problem is to collect and 
analyze water samples. ("RA" 

in Tables I V  and IX) and the other samples are left untreated ("RU'I 
in Tables IV and IX). The filtered a c i d i f i e d  water should show a 
different composition than the filtered untreated water because (a) 
some of the particles contained in the original water are redissolved 
by the addition of the acid, and (b) more particles may come out of 
the untreated water during storage and shipment. 
tated from the water (Table LV), the Ca* concentration of the RU 
and RA samples should be different, whereas, the remainder of the 
analyses should not change. On the other hand, if calcium phosphonate 
precipitated, the Ca* and PO4 (total) concentrations should be different 
in the RU and RA samples. This method was used successfully in solving 
this type of problem in previous test work at well 1/38-30. 
attempts to find obvious trends in the data from the current test 
have failed. 

One set of the samples is acidified 

Thus, if CaC03 precipi- 

However, 

There are two possible reasons €or this failure: 

1) The analytical data, particularly the PO4 analyses, are not 
This is not caused by "sloppy" analytical accurate enough. 

work, but by a lack of extremely accurate analytical methods. 
The BATTELLE report on "Analysis of Geothermal Brines" documents 
this problem. 

2 )  Even if the analytical data were very precise, the variations 
of the PO4 analyses in Table I V  and LX are outside of analytical 
error limits. This indicates that the particle distribution 
of the suspended material in the waters changes rapidly with 
time . 

These results indicate that chemical analyses of waters collected 
during field work are inadequate for determining the nature of the 
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plugging  materials. T h e r e f o r e ,  i t  w a s  recommended t h a t  l a b o r a t o r y  
tests b e  conducted t o  i n v e s t i g a t e  t h e  problem. The proposed s o l u b i l i t y  
product  d e t e r m i n a t i o n  work would n o t  y i e l d  any i n f o r m a t i o n  as t o  t h e  
p a r t i c l e  geometry; b u t  i t  would a l l o w  t h e  d e t e r m i n a t i o n  of t h e  chemical  
n a t u r e  of t h e  p a r t i c l e s  by a p r o c e s s  of  e l i m i n a t i o n .  T h i s  d a t a  could  
t h e n  b e  used t o  d e s i g n  p r e v e n t i v e  measures f o r  t h e  n e x t  f i e l d  t e s t .  

7.0 INHIBITOR TEST AT WELL NO. 56-30 

A second scale i n h i b i t o r  i n j e c t i o n  t e s t  w a s  performed a t  w e l l  #56- 
30 between February 8 (2300 h o u r s )  and March 6 (1045 h o u r s ) .  The 
chemical  used i n  t h i s  new series of tests was a g a i n  Monsanto's  Dequest" 
2060. However, t h e  t e s t  f a c i l i t y  d i f f e r e d  somewhat from t h a t  used 
d u r i n g  t h e  p r e v i o u s l y  conducted t es t  ( w e l l  #16-29) .  F i g u r e  2 shows 
t h e  se t -up  a t  w e l l  #56-30. 
and steam l i n e s ,  whereas t h e  t h i n  l i n e s  i n d i c a t e  t h e  p i p i n g  used f o r  
i n j e c t i o n  of  t h e  chemical  (Dequest$k 2060 i n h i b i t o r )  and t h e  a c i d  (15% 
HC1). 

The heavy l i n e s  i n  F i g u r e  2 show t h e  b r i n e  

Acid a d d i t i o n  w a s  r e q u i r e d  d u r i n g  t h e  f l o w  p e r i o d s  when no i n h i b i t o r  
w a s  i n j e c t e d  ( b a s e  l i n e  t e s t s ,  see below).  The lowering of t h e  f l a s h e d  
b r i n e  pH w a s  i n t e n d e d  t o  p r e v e n t  t h e  format ion  of C a C 0 3  p a r t i c l e s  
suspended i n  t h e  i n j e c t i o n  b r i n e .  I f  t h e s e  pa r t i c l e s  (wi thout  t h e  
a d d i t i o n  of  a c i d  o r  t h e  i n h i b i t o r )  a r e  a l lowed t o  form, t h e  f i l t e r s  
i n s t a l l e d  a t  t h e  i n j e c t i o n  wel lhead  need f r e q u e n t  and c o s t l y  rep lacement .  
I n  a d d i t i o n ,  t h e  a c i d  was a l s o  t o  b e  used t o  p r e v e n t  t h e  format ion  
of pseudo-scale  i n  case of  an  o v e r t r e a t m e n t  w i t h  t h e  i n h i b i t o r .  Thus, 
no p lugging  of t h e  i n j e c t i o n  well would o c c u r  as w a s  exper ienced  i n  
t h e  w e l l  #16-29 tests. 

Two s e p a r a t o r s  ( s e e  F i g u r e  2 ) ,  each c a p a b l e  of  h a n d l i n g  about  400,000 
lbs/h-t-, were r e q u i r e d  because of t h e  l a r g e  f low r a t e  (averaging  722,000 
l b s / h r )  employed d u r i n g  t h i s  t e s t .  Table  X I  shows t h e  p e r t i n e n t  wel lhead 
and test  loop  p r e s s u r e s  and tempera tures  measured d u r i n g  t h e  i n h i b i t o r  
tests a t  w e l l  #56-30. 
i n  Table  X I .  

The r e l e v a n t  d a t e s  and t i m e s  are a l s o  g iven  

The a n a l y t i c a l  methods used t o  a n a l y z e  t h e  l i q u i d  and s o l i d  samples 
were d i f f e r e n t  from t h o s e  p r e v i o u s l y  used.  I n s t e a d  of u s i n g  o n l y  
AA methods ( s e e  paragraph  6 . 8 ) ,  an  ARL ICAP s p e c t r o m e t e r  ( i n d u c t i v e l y  
coupled argon plasma) having 36 channels  w a s  used f o r  t h e  a n a l y s e s  
of t h e  l i q u i d s  and s o l i d s .  T h i s  i n s t r u m e n t  a l lowed t h e  s imul taneous  
d e t e r m i n a t i o n  of 36 e lements  i n  each  sample. Thus, major  and minor 
components of a sample cannot  e a s i l y  e s c a p e  d e t e c t i o n  and p r e v i o u s l y  
unknown components w i l l  b e  a u t o m a t i c a l l y  de te rmined .  For  example, 
i t  w a s  found t h a t  t h e  scale was n o t  on ly  CaC03 and Si02 a s  p r e v i o u s l y  
i n d i c a t e d  by AA and X-ray d i f f r a c t i o n  a n a l y s e s ,  b u t  c o n s i s t e d  of a 
m i x t u r e  of calcium, s t r o n t i u m ,  barium and i r o n  c a r b o n a t e s  and Si02 
w i t h  C a C 0 3  b e i n g  t h e  major  component. 
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7 . 1  BASE LINE TESTS WITHOUT I N J E C T I O N .  OF SCALE I N H I B I T O R  

The t o t a l  f low of t h e  produced b r i n e  w a s  f i r s t  switched i n t o  t h e  test  
loop  on February  8 ,  1979 ( s e e  Table  X I ) .  I t  w a s  no ted  t h a t  t h e  p r e s s u r e  
i n  t h e  f o u r t h  s p o o l  was c o n s t a n t l y  i n c r e a s i n g  (from 65 t o  75 p s i g )  
d u r i n g  t h i s  f i r s t  b a s e  l i n e  run. The a p p a r e n t  r e a s o n  w a s  t h a t  t h e  
scale d e p o s i t e d  downstream of  t h e  f o u r t h  o r i f i c e  p l a t e  caused a c o n s t a n t l y  
r i s i n g  b a c k p r e s s u r e  i n  t h e  f o u r t h  s p o o l .  Thus, t h e  scale d e p o s i t i o n  
i n  t h e  f o u r t h  and f i f t h  s p o o l  could  n o t  b e  k e p t  c o n s t a n t .  Under t h e s e  
c o n d i t i o n s ,  i t  would have been n e a r l y  i m p o s s i b l e  t o  re la te  t h e  scale 
d e p o s i t i o n  as a f u n c t i o n  of p r e s s u r e ,  t empera ture  and f low r a t e  d u r i n g  
t h e  b a s e  l i n e  t es t  t o  t h e  scale f o r m a t i o n  rates d u r i n g  t h e  i n j e c t i o n  
of i n h i b i t o r .  I n  a d d i t i o n ,  t h e  c o n d i t i o n s  i n  t h e  f o u r t h  s p o o l  approached 
more and more t h e  c o n d i t i o n s  i n  t h e  t h i r d  s p o o l  ( s e e  Table  XI). 
one of t h e  t es t  o b j e c t i v e s ,  namely, t o  s t u d y  t h e  b r i n e  and scale  b e h a v i o r  
o v e r  a wide range  of c o n d i t i o n s ,  could  n o t  have been accomplished,  
A l a r g e  p r e s s u r e  and tempera ture  gap i n  t h e s e  c o n d i t i o n s  would have 
r e s u l t e d .  This  s u s p i c i o n  became c e r t a i n t y  d u r i n g  t h e  i n s p e c t i o n  of 
t h e  tes t  Loop and examinat ion of t h e  scale d e p o s i t i o n  i n  t h e  4 t h  s p o o l  
( s e e  P l a t e  No. 1). The scale o b v i o u s l y  a c t e d  l i k e  a n  e f f e c t i v e  choke 
f o r  t h e  f lowing  b r i n e ,  t h u s  c o n s t a n t l y  i n c r e a s i n g  t h e  p r e s s u r e  and 
tempera ture  i n  t h e  4 t h  s p o o l .  

T h e r e f o r e ,  

T h e r e f o r e ,  i t  was dec ided  t o  r e p e a t  t h e  b a s e  l i n e  test w i t h  l a r g e r  
o r i f i c e s  i n  t h e  p l a t e s  t o  accomplish a more s t a b l e  c o n d i t i o n  i n  t h e  
f o u r t h  and f i f t h  s p o o l s .  T h i s  w a s  cons idered  c r i t i c a l  because  t h e  
h e a v i e s t  scale format ion  would r e s u l t  a t  t h e  lower p r e s s u r e s  and tempera- 
t u r e s .  On February 1 6 ,  1979 (1900 h o u r s ,  see Table  X I ) ,  a second 
b a s e  l i n e  t e s t  w a s  s t a r t e d  and f i n i s h e d  on February 21, 1979. The 
tempera ture  and p r e s s u r e  c o n d i t i o n s  d u r i n g  t h i s  second b a s e  l i n e  test 
were r a t h e r  s t a b l e  (Table  XI) and could  b e  d u p l i c a t e d  d u r i n g  t h e  subsequent  
i n h i b i t o r  i n j e c t i o n  tes ts .  

The scale d e p o s i t i o n  rates i n  the v a r i o u s  s p o o l s  d u r i n g  t h e  second 
b a s e l i n e  run  are shown i n  Table  X I I .  These scale d e p o s i t i o n  rates 
are s imilar  t o  t h o s e  encountered  d u r i n g  t h e  b a s e  l i n e  t=st of t h e  
p r e v i o u s  scale i n h i b i t i o n  test work a t  w e l l  #L6-29. 
t h i c k n e s s  of t h e  scale d e p o s i t s  w a s  Larger  t h a n  t h a t  found i n  t h e  
p r e v i o u s  tes t ,  t h e  s c a l i n g  rates p e r  volume u n i t  of f lowing  b r i n e  
w a s  approximate ly  the same i n  b o t h  b a s e  l i n e  tests ( a t  w e l l s  #16-29 
and #56-30). 

Even though t h e  

7.2 I N H I B I T O R  I N J E C T I O N  AT 7.5,  2.0 AND 1.0 1.11 DEQUEST* 2060 
PER LITER 

The i n j e c t i o n  of 7.5 u l  Dequest* 2060 p e r  l i t e r  of b r i n e  ( t o t a l  f l u i d  
f low) r e s u l t e d  i n  t h e  t o t a l  i n h i b i t i o n  of c a r b o n a t e  scale. However, 
t h e  phosphonate pseudo-scale  was formed a g a i n .  
rate of 2.0 ul Dequest* 2060 p e r  l i t e r  of b r i n e  showed n e i t h e r  c a r b o n a t e  

The i n h i b i t o r  i n j e c t i o n  
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scale n o r  pseudo-scale .  Thus, t h e  maximum a l l o w a b l e  i n h i b i t o r  concent ra -  
t i o n  l i e s  between 2.0 and 7.5 p l  Dequest* 2060 p e r  l i t e r  of b r i n e .  
A f i n a l  r u n  w a s  made w i t h  1.0 p l  Dequest" 2060 p e r  l i t e r  of b r i n e .  
The r e s u l t  w a s  a l s o  an  a b s o l u t e l y  scale  f r e e  system a t  a l l  p r e s s u r e s  
and tempera tures .  
p e r  KWhr. 
t o  t h e  scale problems encountered i n  RGI's East Mesa f i e l d .  

T h i s  l a t t e r  r a t e  i s  t h e  e q u i v a l e n t  of 0 .33 m i l l s  
I n h i b i t o r  i n j e c t i o n  must b e  cons idered  an  economical s o l u t i o n  

7 . 3  SCALE TYPE 

Table  X I 1 1  shows t h e  a n a l y s e s  of t h e  s c a l e  samples c o l l e c t e d  d u r i n g  
t h e  v a r i o u s  runs .  A m i x t u r e  of calcium, s t r o n t i u m ,  barium, magnesium 
and i r o n  c a r b o n a t e s  formed t h e  m a j o r i t y  of t h e  scale d u r i n g  t h e  b a s e  
l i n e  tests ( s e e  Table  X I I I ,  VR Code 0001-03-671 t o  0001-03-673 and 
0001-03-677 t o  0001-03-684). Sample No. VR OOOL-03-670 ( s e e  Table  
X I I I )  shows t h e  composi t ion  of a b l a c k  scale formed d u r i n g  t h e  f i r s t  
b a s e  l i n e  tes t  ( s e e  P l a t e  No. 3 ) .  It i s  a m i x t u r e  of CaC03, FeS and 
s i l i c a t e  and forms only  a t  t h e  h i g h e r  tempera tures  ( h i g h e r  t h a n  t h e  
c a r b o n a t e s ) .  
p e r i o d s  (7 .5  p l  Dequest" 2060 p e r  l i t e r  b r i n e )  w a s  pseudo-scale  ( s e e  
Table  X I I I ,  VR No. 0001-03-674 t o  0001-03-676). 

The o n l y  scale found d u r i n g  t h e  i n h i b i t o r  i n j e c t i o n  

A s  p r e v i o u s l y  n o t e d ,  t h e  t e s t  loop  remained p e r f e c t l y  c l e a n  ( s e e  metal  
c o l o r  i n  P l a t e  N o .  10) d u r i n g  t h e  i n j e c t i o n  of 2.0 and 1 . 0  ul Dequestk 
2060 p e r  l i t e r  of  b r i n e .  The 4 t h  s p o o l  showed t h e  h e a v i e s t  scale  
d u r i n g  t h e  b a s e  l i n e  tests.  A comparison between P l a t e s  No. 1, 5 
and 1 0  shows t h e  e f f i c i e n c y  of t h e  Dequest?k 2060 scale i n h i b i t o r  i n  
m a i n t a i n i n g  a s c a l e - f r e e  environment.  

7 . 4  WELLHEAD BRINE COMPOSITIONS 

Table  XLV shows t h e  chemical  composi t ion of t h e  wel lhead  b r i n e .  Two 
sets  of samples w e r e  c o l l e c t e d :  

1) Unflashed,  u n t r e a t e d  b r i n e  c a r e f u l l y  cooled t o  a tmospher ic  
c o n d i t i o n s  t o  avoid  o r  minimize f l a s h i n g  of s team and g a s e s .  

2 )  The same b r i n e s ,  b u t  a c i d i f i e d  w i t h  5 m1 of n i t r i c  a c i d  p e r  
l i t e r  of cooled b r i n e  t o  avoid  p r e c i p i t a t i o n  o f  c a r b o n a t e s .  

Conclusions as t o  t h e  maximum amount of  C a C 0 3  and SrC03 p r e c i p i t a t i n g  
from t h e  u n t r e a t e d  b r i n e  must b e  avoided.  The c a r e f u l l y  cooled  b u t  
u n t r e a t e d  b r i n e  releases o n l y  a s m a l l  amount of C02 d u r i n g  c o l l e c t i n g  
and s t o r i n g .  T h i s  c a r e f u l  c o o l i n g  c a u s e s  a quench e f f e c t  r e g a r d i n g  
t h e  release of C02 and t h e  accompanying r ise  i n  t h e  pH. I f  t h i s  b r i n e  
i s  al lowed t o  f l a s h  g a s e s  d u r i n g  t h e  sample c o l l e c t i o n ,  ( i . e . ,  w i t h o u t  
c a r e f u l  c o o l i n g )  t h e  pH would b e  on t h e  o r d e r  of  9 .2  i n s t e a d  of 7.9 
and 7.2 ( s e e  Table  X I V ) .  Due t o  t h i s  quench e f f e c t ,  t h e  pH of t h e  
sample s t a y s  low and none ( o r  a lmost  none) of t h e  e v e n t u a l l y  p r e c i p i t a t i n g  
c a r b o n a t e s  w i l l  come o u t  of  s o l u t i o n  as i n d i c a t e d  i n  Table  SLV. 
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These p r e c i p i t a t i o n s  could  b e  de te rmined  by t a k i n g  t h e  l i q u i d  samples 
i n  two d i f f e r e n t  ways: 

1) C a r e f u l  c o o l i n g  t o  avoid  f l a s h i n g  of g a s e s  as d e s c r i b e d  above 
and 

2 )  Without c a r e f u l  c o o l i n g ,  i . e . ,  t a k i n g  t h e  samples a t  f a i r l y  
h i g h  t e m p e r a t u r e s  (approximate ly  90°C) o r  b o i l i n g  t h e  cooled 
b u t  u n t r e a t e d  samples  ( i . e . $  w i t h o u t  adding  of a c i d )  under 
r e f l u x .  

A comparison of t h e  composi t ion  of  t h e s e  two sample t y p e s  would a l l o w  
c o n c l u s i o n s  as t o  t h e  p o t e n t i a l  c a r b o n a t e  p r e c i p i t a t i o n s  i n  t h e  f i e l d .  
U n f o r t u n a t e l y ,  t h e  second t y p e  of sample w a s  n o t  c o l l e c t e d ,  

7.5 I N J E C T I O N  BRINE COMPOSITIONS 

Samples were t a k e n  downstream of t h e  Baker t a n k s  and upstream of t h e  
a c i d  i n j e c t i o n  p o r t  ( s e e  F i g u r e  2 )  t o  de te rmine  t h e  chemical  composi t ion 
of t he  i n j e c t e d  b r ine .  Each sample was taken i n  duplicate. One se t  
of samples  was a c i d i f i e d  w i t h  5 m l  of 31% H C 1  p e r  l i t e r  of sample 
t o  p r e v e n t  p r e c i p i t a t i o n s  b e f o r e  a n a l y z i n g  t h e  samples.  
r e s u l t s  are  shown i n  Table  XV, The o t h e r  set of samples w a s  u n t r e a t e d  
and ana lyzed  as c o l l e c t e d .  These a n a l y t i c a l  r e s u l t s  are g i v e n  i n  
Table  XVI. 

The a n a l y t i c a l  

A comparison between t h e  ca lc ium and s t r o n t i u m  v a l u e s  l i s t e d  i n  b o t h  
T a b l e s  XV and XVL shows t h a t  care must b e  t a k e n  t o  p r e v e n t  t h e  c a r b o n a t e  
p r e c i p i t a t i o r a f t e r  c o l l e c t i n g  t h e  samples and b e f o r e  a n a l y z i n g  them. 

A s  opposed t o  t h e  samples o f  cooled  and u n f l a s h e d  wel lhead  b r i n e  ( s e e  
p r e v i o u s  paragraph  and T a b l e  XIV), t h e  samples  oE i n j e c t i o n  b r i n e  
have been f l a s h e d  under  h i g h  t e m p e r a t u r e  (212'F) i n  t h e  Baker Tank 
( s e e  F i g u r e  2 ) .  T h e r e f o r e ,  t h e  u n a c i d i f i e d  samples ( s e e  Table  XVI) 
have a g e n e r a l l y  lower ca lc ium and s t r o n t i u m  c o n t e n t  t h a n  t h o s e  of  
t h e  u n f l a s h e d  wel lhead  b r i n e  ( s e e  T a b l e  XIV). T h i s  i s  t r u e  d e s p i t e  
t h e  f a c t  t h a t  a n  approximate ly  10% f l a s h  o c c u r r e d  between t h e  wel lhead  
and t h e  Baker t a n k s .  

The d i f f e r e n c e  between t h e  ca lc ium and s t r o n t i u m  c o n t e n t s  of t h e  wel lhead 
b r i n e  samples and t h o s e  of t h e  i n j e c t i o n  b r i n e  samples  ( a c i d i f i e d ,  
see Table  XV) i s  due to t h e  c a r b o n a t e  scale format ion  i n  t h e  t e s t  
f a c i l i t y .  The d i f f e r e n c e  between t h e  ca lc ium and St ront ium c o n t e n t s  
of t h e  a c i d i f i e d  and t h o s e  of  t h e  u n a c i d i f i e d  i n j e c t i o n  b r i n e  i s  due 
t o  t h e  p r e c i p i t a t i o n  of c a r b o n a t e s  i n  t h e  samples of t h e  u n a c i d i f i e d  
samples d u r i n g  shipment  and s t o r a g e .  Thus, t h e  composi t ion of t h e  
water samples  a l l o w s  a n  e s t i m a t i o n  of t h e  scale tendency w i t h i n  t h e  
e n t i r e  test  f a c i l i t y .  
c o n t e n t s  of t h e  a c i d i f i e d  and t h o s e  of t h e  modi f ied  Baker tank  b r i n e  

A comparison between t h e  ca lc ium and s t r o n t i u m  

-20- 



(Tables  XV and XVI) i n d i c a t e s  t h a t  t h e  i n j e c t i o n  b r i n e  l e a v i n g  t h e  
Baker t a n k s  ( s e e  F i g u r e  2 )  s t i l l  h a s  a c o n s i d e r a b l e  sca le - forming  
tendency. 

The average  calcium c o n t e n t  of  t h e  u n a c i d i f i e d  b r i n e  ( s e e  T a b l e  XV) 
is  4 .34  mg/l  and t h a t  of  t h e  a c i d i f i e d  b r i n e  ( s e e  Table  XVI) i s  3.03 m g / l .  
T h i s  means, a maximum of  4.34 - 3.03 = 1 .31  mg/l  ca lc ium can  p r e c i p i t a t e  
i n  t h e  form o f  CaC03 from t h e  Baker t a n k  b r i n e .  A comparison of t h e  
s t r o n t i u m  v a l u e s  g i v e n  i n  Tables  XV and X V I  i n d i c a t e s  t h a t  a maximum 
of 0.13 mg/l  s t r o n t i u m  can p r e c i p i t a t e  i n  t h e  form of St-CO3 from t h i s  
b r i n e .  

7 . 6  A C I D  I N J E C T I O N  AND M O N I T O R I N G  

AS no ted  above, h y d r o c h l o r i c  a c i d  i n j e c t i o n  w a s  i n t e n d e d  t o  keep t h e  
i n j e c t i o n  l i n e s  between Baker t a n k s  and i n j e c t i o n  w e l l s  ( s e e  F i g u r e  2 )  
c l e a n  d u r i n g  t h e  b a s e  l i n e  tests. I n  a d d i t i o n ,  should  severe pseudo- 
s c a l e  format ion  b e g i n  t o  i m p a i r  t h e  i n j e c t i v i t y  of t h e  i n j e c t i o n  w e l l ,  
t h e  a c i d  w a s  supposed t o  a l lev ia te  t h i s  problem d u r i n g  t h e  f i e l d  test 
work. 

A pH moni tor  ( s e e  F i g u r e  3 )  w a s  i n s t a l l e d  downstream of  t h e  Baker 
t a n k s  The pH w a s  main ta ined  a u t o m a t i c a l l y  a t  a pH v a l u e  of 6 . 2  d u r i n g  
t h e  b a s e  l i n e  tests. Carbonate  scale could  s t i l l  form upstream of 
t h i s  p o i n t  d u r i n g  t h e  b a s e  l i n e  tes ts ,  t h u s  c a u s i n g  scale d e p o s i t s  
th roughout  t h e  test f a c i l i t y .  These d e p o s i t s  must b e  removed t o  e n s u r e  
p r o p e r  o p e r a t i n g  of  t h e  s e p a r a t o r s ,  valves, l i n e s ,  e t c .  S m a l l  l i n e s  
(0.5 i n c h  OD t u b i n g )  were i n s t a l l e d  between t h e  a c i d  i n j e c t i o n  pumps 
and t h e  b r i n e  l i n e s  upstream of  t h e  s e p a r a t o r s .  
c l e a n i n g  of  t h e  f a c i l i t i e s  d u r i n g  and a f t e r  t h e  b a s e  Line tests ( l i n e s  
are n o t  shown i n  F i g u r e  2 ) .  

T h i s  a l lowed t h e  

Table  X V I I  shows an a n a l y s i s  of t h e  s o l i d s  accumulated i n  t h e  f i l t e r  
e lements  a t  t h e  i n j e c t o r  wel lhead  d u r i n g  t h e  b a s e  l i n e  t e s t  p r i o r  
t o  b e g i n n i n g  a c i d  i n j e c t i o n .  
b a s e  l i n e  t es t  and d u r i n g  subsequent  i n h i b i t o r  i n j e c t i o n  p e r i o d s ,  
t h e  same t y p e s  of  s o l i d s  c o n t i n u e d  t o  accumulate  i n  t h e  f i l t e r s ,  b u t  
t h e  t o t a l  volume of s o l i d s  w a s  g r e a t l y  reduced and t h e  a c i d  i n s o l u b l e  
p o r t i o n  i n c r e a s e d  t o  30-50% of t h e  t o t a l .  
phosphonate material  was d e t e c t e d  i n  t h e  f i l t e r  s o l i d s .  

A f t e r  a c i d  i n j e c t i o n  was begun i n  t h e  

No s i g n i f i c a n t  amount of 

8.0 LABORATORY TESTS WITH RADIOACTIVELY LABELED DEQUEST" 2060 

Calcium i o n s  and phosphonate  i n h i b i t o r s  may form f a i r l y  i n s o l u b l e  
ca lc ium salts. 
act  p r e c i s e l y  l i k e  scale i n  t h e  f i e l d .  
a r t i f i c i a l  scale d e p o s i t e s  are termed "pseudo-scale".  

These p r e c i p i t a t i n g  ca lc ium sal ts  of  t h e  i n h i b i t o r s  
A s  p r e v i o u s l y  n o t e d ,  t h e s e  
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Subsequent t o  t h e  well #16-29 tests,  a series of l a b o r a t o r y  experiments  
were c a r r i e d  o u t  p r i o r  t o  and d u r i n g  t h e  a d d i t i o n a l  i n h i b i t o r  f i e l d  
tests funded by DOE (DGE) a t  w e l l  #56-30. The o b j e c t i v e  of t h e s e  
l a b o r a t o r y  experiments  was t o  de te rmine  t h e  s o l u b i l i t y  of Dequest" 
2060 i n  t h e  p r e s e n c e  of  ca lc ium under c o n d i t i o n s  s i m u l a t i n g  some of 
t h e  p r e s s u r e s ,  b r i n e  composi t ions  and pH v a l u e s  expected t o  b e  encountered 
d u r i n g  t h e  f i e l d  work. 

The c r i t i c a l  p a r t  of t h e s e  l a b o r a t o r y  Lests was t h e  u t i l i z a t i o n  of 
Dequest" 2060 l a b e l e d  w i t h  C - 1 4 .  This  r a d i o a c t i v e l y  l a b e l e d  compound 
al lowed t h e  performance of s o l u b i l i t y  measurements a t  ex t remely  low 
c o n c e n t r a t i o n  levels .  This  w a s  n e c e s s a r y  because c o n v e n t i o n a l  a n a l y t i c a l  
methods f o r  de te rmining  t h e  s o l u b i l i t y  p r o d u c t s  of t h e  calcium phosphonates  
w i t h  t h e  r e q u i r e d  accuracy  a t  t h e  ex t remely  low c o n c e n t r a t i o n  levels  
(e .g . ,  1-10 p 1  Dequestik 2060 p e r  l i t e r  b r i n e )  always f a i l e d  i n  t h e  
p a s t .  
1 4  l a b e l e d  i n h i b i t o r s  and a v e r y  s e n s i t i v e  l i q u i d  s c i n t i l l a t i o n  s p e c t r o m e t e r  
(Beckman LS 9000).  

Most of  t h e s e  a n a l y t i c a l  problem can b e  overcome by u s i n g  C- 

8.1 SOLUBILITIES OF CALCIUM - DEQUEST* 2060 SALTS IN ARTIFICIAL 
BRINES 

It should  b e  unders tood  t h a t  n o t  a l l  c o n d i t i o n s  encountered  i n  a f i e l d  
can b e  s i m u l a t e d  i n  t h e  l a b o r a t o r y .  T h i s  a l s o  h o l d s  t r u e  f o r  t h e  
s o l u b i l i t y  d e t e r m i n a t i o n s  of t h e  ca lc ium phosphonates .  It w a s  expec ted  
t h a t  t h e  s o l u b i l i t y  of t h e s e  s a l t s  would depend on pH, t e m p e r a t u r e  
and b r i n e  composi t ion ,  p a r t i c u l a r l y  t h e  ca lc ium c o n t e n t .  A l i m i t e d  
number of c o n d i t i o n s  were s i m u l a t e d  i n  t h e  l a b o r a t o r y .  These c o n d i t i o n s  
were t e m p e r a t u r e ,  200"F-300"F (95"C-15OoC), sodium c h l o r i d e  (0 and 

c o n c e n t r a t i o n  (0-2000 ppm). 
. 0.5 m o l a r ) ,  ilequest>k 2060 c o n c e n t r a t i o n  ( 4  t o  25 ppm) and ca lc ium 

The pseudo-scale  i n  t h e  f i e l d  w a s  found a t  h i g h  tempera tures  (270°F 
and h i g h e r ) :  T h i s  means t h a t  t h e  pH o f  t h e  b r i n e  a t  t h e  pseudo-scale  
format ion  under f i e l d  c o n d i t i o n s  w a s  between 6.3 and 6.7 w i t h  t h e  
t e m p e r a t u r e  a t  270°F. On t h e  o t h e r  hand, t h e  b r i n e  pH i n c r e a s e d  and 
t h e  tempera ture  decreased  a s  t h e  f l u i d s  went from t h e  t es t  loop  (pseudo- 
scale format ion)  t o  t h e  Baker t a n k s  (pH: 9.2;  t empera ture :  212°F).  
T h e r e f o r e ,  t h e  p o t e n t i a l  f o r  pseudo-scale  f o r m a t i o n  w a s  de te rmined  
i n  t h e  l a b o r a t o r y  f o r  t h e s e  two pH v a l u e s  and t e m p e r a t u r e s .  

A r t i f i c i a l  b r i n e s  were used t o  s i m u l a t e  t h e  pH of 6 .3 .  The range  
of t h e  ca lc ium and Dequest" 2060 c o n c e n t r a t i o n s  w a s  extended f a r  beyond 
t h e  c o n c e n t r a t i o n s  found i n  t h e  f i e l d .  The r e a s o n s  were ( a )  t o  o b t a i n  
some a d d i t i o n a l  i n f o r m a t i o n  on t h e  b e h a v i o r  of  Dequest" 2060 i n  geothermal  
b r i n e  and (b) t o  e s t a b l i s h  t h e  methodology s u i t a b l e  f o r  t h e s e  experiments .  
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C a C 1 2  s o l u t i o n s  of v a r i o u s  Ca* and Dequestk 2060 ( u s i n g  r a d i o a c t i v e l y  
l a b e l e d  i n h i b i t o r )  c o n c e n t r a t i o n s  were made up. These s o l u t i o n s  were 
combined and t h e  remaining Dequest" 2060 w a s  measured by s c i n t i l l a t i o n  
count ing .  These s o l u b i l i t y  tests were c a r r i e d  o u t  a t  300°F. F i g u r e  4 
shows t h e  r e s u l t s  of t h e s e  experiments .  
200°C wi thout  N a C l  ( s e e  F i g u r e  5 ,  s o l i d  l i n e s )  and w i t h  NaCl ( s e e  
F i g u r e  5 ,  broken l i n e s ) .  

The tests were r e p e a t e d  a t  

The r e s u l t s  show t h r e e  d i f f e r e n t  e f f e c t s  of importance:  

1) No p r e c i p i t a t i o n  was measured a t  low Dequest" 2060 c o n c e n t r a t i o n s  
( 4  and 8 ppm) a t  e i t h e r  tempera ture  (200' o r  300'F). 

2) No p r e c i p i t a t i o n  was found a t  calcium c o n c e n t r a t i o n s  below 
50 ppm a t  e i t h e r  tempera ture  (200" o r  300°F).  

3)  Adding N a C I  t o  t h e  s o l u t i o n s  ( s e e  F i g u r e  5 ,  broken l i n e s )  
h a s  a pronounced e f f e c t  on t h e  s o l u b i l i t y  of t h e  ca lc ium 
phosphonate:  i t  enhances t h e  p r e c i p i t a t i o n .  The p r e c i p i t a t i o n  
s t a r t e d  a t  approximate ly  5 pprn calcium, which confirms t h e  
o b s e r v a t i o n s  made i n  t h e  f i e l d .  

8 .2  CALCLUFI-DEQUEST" 2060 SOLUBILITIES I N  BRINE FROM EAST MESA 
/I5 6- 30 

The ca lc ium phosphonate s o l u b i l i t y  i n v e s t i g a t i o n s  u s i n g  l a b e l e d  Dequestk 
2060 were r e p e a t e d  w i t h  b r i n e  from w e l l  1/56-30 c o l l e c t e d  from t h e  
i n j e c t i o n  l i n e .  The pH w a s  n o t  a d j u s t e d ,  b u t  l e f t  a t  9 . 3  d u r i n g  t h e  
s o l u b i l i t y  d e t e r m i n a t i o n s  of t h e  ca lc ium phosphonate.  

Adding Dequest" 2060 t o  t h e  f i e l d  b r i n e  r e s u l t e d  i n  no measurable  
precipitation of the calcium salt at 150°C. In order to determine 
t h e  s o l u b i l i t y  product  of t h e  ca lc ium phosphonate  s a l t ,  v a r i o u s  amounts 
of CaC12 w e r e  added t o  t h e  b r i n e  c o n t a i n i n g  v a r y i n g  c o n c e n t r a t i o n s  
of Dequest" 2060. 

F i g u r e  6 shows t h e  r e s u l t s  of  t h e s e  exper iments .  
i s  t h a t  t h e s e  brine-CaCLZ m i x t u r e s  behaved t o t a l l y  d i f f e r e n t  t h a n  
t h e  a r t i f i c i a l  b r i n e s  (see F i g u r e s  4 and 5 ) .  
2060 c o n c e n t r a t i o n s  ( 2 5  and 50 ppm), t h e  amount of p r e c i p i t a t i o n  i n c r e a s e s  
w i t h  i n c r e a s i n g  Caw c o n t e n t  a t  h i g h e r  Caw c o n c e n t r a t i o n s .  
o t h e r  hand, a t  low Dequest" 2060 c o n c e n t r a t i o n s  ( 4 ,  8 and 15 ppm), 
t h e  p r e c i  i t a t i o n  f i r s t  i n c r e a s e s  s h a r p l y  w i t h  t h e  Ca* c o n t e n t  a t  
lower Cad c o n c e n t r a t i o n s  and t h e n  s lows down a t  t h e  h i g h e r  Ca* concent ra -  
t i o n s .  T h i s  b e h a v i o r  i s  b e l i e v e d  t o  r e f l e c t  t h e  s t r o n g  tendency of 
t h e  Dequest" 2060 t o  form c o o r d i n a t i o n  compounds (chemical  complexes) 
w i t h  t h e  ca lc ium ions .  

The "amazing" f a c t  

S t a r t i n g  w i t h  h igh  Dequest" 

On t h e  
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The data shown in Figure 6 indicate that the solubility product of 
a calcium phosphonate salt is almost reached at concentrations of 
4 to 15 ppm Dequest" 2060 in the brine without additional Ca* ions 
in the solution. This fact follows from extrapolating the data at 
high Ca* content back to 0, i.e., no Ca' ions added to the solutions 
(see Figure 6). 
(no Ca* ions added). 

The curves are rising until they reach the ordinate 

This behavior is not so pronounced at the high Dequest9: 2060 concentrations 
(25 and 50 ppm) even though a similar extrapolation indicates that 
the concentrations have also reached the solubility product of the 
calcium phosphonate. However, adding of Ca- ions to the solution 
containing these high concentrations of Dequestft 2060 does not result 
in significant precipitations unless the large amounts of calcium 
are added (see Figure 6). 

These experiments showed a very complex solubility behavior of the 
calcium phosphonate as a function of temperature, calcium content, 
Dequest" 2060 content, NaCl content, and pII. 

8.3 SIGNIFICANCE OF LABORATORY TESTS FOR FIELD OPERATIONS 

These experiments represent an attempt to determine the solubility 
product of the calcium phosphonate in laboratory tests by simulating 
some field conditions. It was hoped to design a laboratory test to 
measure the solubility of the pseudo-scale forming salts before field 
experiments are conducted. Thus, the conditions under which pseudo- 
scale forms could be predetermined, i.e., field experiments could 
be designed so that no actual pseudo-scale is formed by avoiding the 
concentration ranges at which these deposits start to form. The experiments 
indicate four facts significant for field applications: 

1) Pseudo-scale would form at high pH values (9 .3 )  assuming 
a temperature of  150°C and a Dequest* 2060 concentration 
as low as 4 ppm. 

2 )  Pseudo-scale formation in the RGI East Mesa brine can be 
expected at Dequest" 2060 concentrations as low as 4 ppm 
at a pl! of 6.5 and a temperature of 95'C. 

3 )  This type of test can be used to predict the pseudo-scale 
formation prior to field experiments. The experiments indicate 
a complicated and as yet unpredictable solubility behavior 
of the calcium phosphonate (and with that, the pseudo-scale 
formation) may be expected if this compound is used in brines 
or temperatures different from those encountered in R G I ' s  
East Mesa field. 
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4 )  These  preliminary results warrant a thorough investigation 
of the Dequest" 2060 behavior if t h i s  compound is to be used 
for scale inhibition in other fields to avoid major damage 
by possible pseudo-scale formation. 
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TABLE I 

L o c a t i o n  

W e  1 l h e a d  

T r u n k  L i n e  U p s t r e a m  of 1. Spool 

1. S p o o l  

2 .  S p o o l  

3 .  Spool  

4 .  Spool 

S e p a r a t o r  B r i n e  L i n e  ( i n )  

S e p a r a t o r  B r i n e  L i n e  ( o u t )  

Steam 1 , i n e  ( o u t )  
4 

AVERAGE PRESSURES AND TEMPERATURES AT RGI'S 
WELL N O .  1 6 - 2 9  D U R I N G  SCALE I N I I T B T T I O N  TEST WORK 

(MARCII -APRIL ,  1 9 7 8 )  

Meas 

P r e s s u r e  
( p s i g )  

2 2 0  

9 5  

64  

32 

2 3  

1 4  

1 4  

8 

8 

r e d  

Temp (OF') 

3 2 0  

3 0 4  

3 0 4  

2 9 0  

2 5 0  

2 4 5  

2 4 5  

2 3 0  

2 2 5  

S t e a m t z  

C .  

C .  

5 7  

43  

1 3  

1 3  

4 

6 

lles 

t e m p  h ( o ~ )  

C .  

C.  

311 

2 7 7  

2 6 4  

2 4 8  

2 4 8  

2 3 4  

2 3 4  

a .  Steamtable  p r e s s u r e  a s s u m i n g  t e m p e r a t u r e  i s  m e a s u r e d  c o r r e c t l y .  

b. Steamtable  t e m p e r a t u r e  a s s u m i n g  p r e s s u r e  i s  m e a s u r e d  c o r r e c t l y .  

C .  P r i o r  t o  f l a s h .  S t e a m t a b l e  e q u i l i t - J r i u m  a s s u m p t i o n  d o e s  n o t  a p p l y .  



TABLE I1 
BASE LINE TEST: SCALE ANALYSES (ACID SOLUBLE FRACTION) 

._ 

DEQUEST*2060 INJECTION,EAST MESA NO. 16-29/APRIL 1978 

Y R  CODE 

I I I I I 1 I 1 

BCaC03  IDENTIFICATION^ SAMPLED  SCALE^.^ RESIDUE TOTAL SCALE Ca Ngd' Fed. IN SCALEe. d. DATE WEIGHT I WEIGH% RESIDUE OF 
I I I I I WEIGHT % I I WEIGHT 1 

011-041 
011-042 
011-043 
011-044 

1st Spool Downstream 4/1/78 543.2 43.0 7.9 200.0 2.08 8.20 91.9 
1st Orifice Downstream 4/1/78 557.7 21.6 3.9 213.0 2.24 7.20 95.4 
2nd Spool Downstream 4/1/78 566.7 30.8 5.4 210.0 3.28 3.80 92.5 
3rd Orifice Upstream 4/1/78 588.4 9.1 1.5 228.0 3.16 3.20 96.8 

011-045 3rd Orifice Downstream 4/1/78 566.6 20.2 3.6 216.8 3.03 3.25 95.5 

011-047 
011-048 

3rd Spool Downstream 4/1/78 593.0 22.3 3.8 227.8 3.50 2.75 95.9 
4th Spool Upstream 4/1/78 583.3 30.3 5.2 220.5 3.30 3.00 94.4 

I I 

,011-049 I 4th Spool Downstream 1 4/1/78 I 580.0 I 22.0 I 3.8 1 221.5 3.25 3.501 95.4 I 

a. Date analyzed 4/15/78. 

b. Weight scale is the initial weight of scale in mg taken for analysis after drying 24 hours at 
120° C. All samples dissolved with extensive gas evolution. 

c. Weight residue is measured after digesting the scale in concentrated HC1, filtering, washing, 
and drying (expressed as m g ) .  

Weight percent of CaC03 in total scale deposit calculated from Ca++ content in acid soluble part. 
++ 

The weight percent of CaC03 p l u s  the weight percent of residue is less than 100% due to the My 
and Fe++ components of the scale as well as analytical uncertainties in the acid soluble residue 
weights. 

d. The weight of constituent in the acid soluble fraction (expressed as mg). 
e. 



4 

TABLE I11 
APPEARANCE AND THICKNESS O F  SCALE IN TEST 

LOOP AFTER 9 2 . 7 5  HOUR BASE LINE FLOW PERIOD 
IIVELL N O .  1 6 - 2 9 ,  R G I ,  EAST KESA) 

SPOOL NO. 
(STARTING 

UPSTREAM) 

1 

2 

"Horn" 

3 

4 

AVERAGE 

SPOOL 
LENGTH 
I N  FEET 

10 

1 2  

10 

1 2  

10 

5 4  

SCALE 
THICKNESS 
IN 

TOP ; 

1 / 6 4 ;  

1/16; 

1 / 1 6 ;  

NCH 
OTTOM - 

1 / 6 4  

3/8  

3 / 8  

1 / 2  

3 / 1 6  

~ 

AVERAGE 
SCALE 

THICKNESS 
I N  INCH 

0 . 0 6 2 5  

0 . 2 2  

0 . 2 2  

0 . 4 4  

0 . 1 5 6  

0 . 2 2  

OPTICAL 
SCALE 

APPEARANCE 

Dense  and V e r y  
C r y s t a l l i n e  

D e n s e  a n d  
C r y s t a l l i n e  

Dense and 
C r y s t a l l i n e  

F l u f f y  Material 

F l u f f y  Mater ia l  
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I 
h3 
W 
I 

VR CODE 

TABLE I V  
WATER ANALYSES 

I I I I 

IDENT IF I C A T I O N ~ .  

011-001 

011-002 

1 6 - 2 9  W e l l h e a d  RU 4/6/78 1 2 : 2 0  5 0 8  

1 6 - 2 9  W e l l h e a d  RA 4 / 6 / 7 5  1 2 : 2 0  - , , ,  
I I I 1 

011-007 

011-008 

1 6 - 2 9 D o w n s t r e a m  
B a k e r  T a n k  RU 4/6/78 1 2 : 4 5  6 2 7  

16-29  D o w n s t r e a m  
B a k e r  T a n k  RA 4/6/78 1 2 : 5 0  - 

011-003 

0 1 1 - 0 0 4  

0 1 1 - 0 0 5  

0 1 1 - 0 0 6  

011-009 

011-010 

011-011 

011-012 

16-29  Downstream 
of Sepa ra to r  RU 

16-29  D o w n s t r e a m  
of Separa tor  RA 

1 6 - 2 9  Condensa te  
S teaml ine  RU 

16-29  C o n d e n s a t e  
S t e a m l i n e  RA 

18-28  U p s t r e a m  
F i l t e r  RU 

1 8 - 2 8  Upstream 
F i l t e r  RA 

18-28  D o w n s t r e a m  
F i l t e r  RU 

1 8 - 2 8  D o w n s t r e a m  
F i l t e r  RA 

4/6/78 

4/6/78 

4/6/78 

4/6/78 

4/6/78 

1 2 : 4 6  5 4 7  

1 2 : 4 6  - 

1 3 : 0 5  6 0 . 2  

1 3 : 0 5  - 

1 3 : 4 0  568  

1 . 5  i~~~ I 0 . 2 2  1 6 . 9  I :L: 1 0 . 8 3  

1 . 3  0 . 2 5  7 . 1  1 . 0  

1 . 3  

< 0 . 0 4  

CO.04 

1 . 5  

1 . 4  

I’OTAl 
b .  

p04 __.- 

9 . 0  

8 . 6  

8 . 4  

9 . 0  

8 . 8  

8 . 4  

___- 

~- 

0 . 7  

0 . 2  

7 0 0  0 . 4 1  8 - 4  1 7 8  0 . 7 3  

0 . 1  0 . 0 4  0 . 3 4  U l  0 . 0 4  

0 . 5  0 . 1 2  1.1 2 0 . 0 8  

7 1 1  0 . 1 6  6 . 7  1 8 7  0 . 8 9  

7 4 5  0 . 2 2  7 . 3  1 1 8 1  1 . 0  
I I t 

6 . 8  

8 . 8  

7 . 2  

8 . 6  

4/6/78 

4/6/78 

4/6/78 

a .  Date a n a l y z e d  4/15-4/18/78.  R e s u l t s  e x p r e s s e d  as  m g / l .  
b .  T h e  v a l u e  g i v e n  f o r  PO4 i s  t h a t  d e t e r m i n e d  b e f o r e  o x i d a t i v e  d e g r a d a t i o n  of t h e  

sample. T o t a l  Po4 h a s  b e e n  d e t e r m i n e d  a f t e r  o x i d a t i v e  d e g r a d a t i o n  of t h e  sample. 
T h i s  c o n v e r t s  a l l  p h o s p h o n a t e  t o  PO4. 

1 3 : 4 0  - 

1 3 : 4 0  5 5 3  

1 3 : 4 0  - 



TABLE V 
CARBON DIOXIDE ANALYSES 

1Op1/1 DEQUEST* 2060 INJECTIOM, EAST MESA NO. 16-29/APRIL 1978 

 IDENTIFICATION^' 
16-29 Blank 
16-29 Wellhead 750-1500 (1: 1) 
16-29 Wellhead 750-1500 (1:l) 
16-29 Downstream of Separator 

1 6 - 2 9  D o w n s t r e a m  of S e p a r a t o r  

750-1500 (1:l) 

750-1500 (1:l) 

DATE 
SAMPLED 

4/6/78 

4/6/78 

4/6/78 

4/6/78 

4/6/78 

TIME I OF SAMPLE 
12: 20 

12:30 

12:40 

12:45 

n o b .  
604 
596 

277 

---I--- 
16-29 Steamline 1250-1500 

(5:l) 

(5: 1) 
16-29 Steamline 1250-1500 

12:50 I 262 

4/6/78 1 3 ~ 3 5  1270 

4/6/78 13:50 1216 

d. 

PER LITER 
OF COOLED 

MG C02 

LIQUID 
-- 

1098 

1082 

444 

414 

7070 

6746 

a. Date analyzed 4/11/78. 

b. Analyzed in triplicate. Care was taken to avoid CO contamination 2 
during analysis. 

C02 in all species, ionic and nonionic forms. 

corrected for C02 content of blank and dilution with blank. 

C02 in all species, ionic and nonionic forms. 

c. 
d. CO contamination of fluid in line before sample dilution and 2 
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\7R CODE 

0 1 1 - 0 5 0  

0 1 1 - 0 5 1  

0 1 1 - 0 5 2  

0 1 1 - 0 5 3  

0 1 1 - 0 5 4  

0 1 1 - 0 5 5  

I 
w 
P 
I 

WE I G HTb WEIGHTc d .  

1st O r i f i c e  Downstreame' 4 / 6 / 7 8  1 4 : 5 5  5 4 3 . 0  2 0 . 9  1 2 7 . 5  2 . 3  0 . 5 5  

1st Spool Downst ream-Up-  
stream of 2 n d  O r i f i c e  e -  4 / 6 / 7 8  1 4 : 3 0  5 4 9 . 2  1 3 0 . 0  2 . 3  0 . 4 0  1 8 . 8  

2 n d  Or i f i ce  Upstreame' 4 / 6 / 7 8  1 4 : 1 5  5 4 9 . 5  0 1 3 0 . 0  2 . 0  0 . 4 8  

W e t  P o r t i o n e m  4 / 6 / 7 8  1 4 : l O  5 4 2 . 3  0 1 2 6 . 6  1 . 9 6  0 . 5 0  

2 n d  Spool Downstreame' 4 / 6 / 7 8  1 1 4 : O O  5 4 0 . 7  1 6 . 0  1 2 6 . 6  1 . 9 2  0 . 4 4  

2 n d  O r i f i c e  Downstreane' 4 / 6 / 7 8  1 1 4 ~ 5 0  5 4 5 . 4  1 6 . 4  1 2 4 . 4  2 . 3 6  0 . 5 0  

DATE 
 IDENTIFICATION^ - SAMPLED TIYE SCALE R E S I D U E  C a d '  M g d '  F e  

J 

1 
2 n d  S p o o l  Downstream 1 

I I 

a .  

b. 

C .  

d .  

e .  

f .  

3 r d  S p o o l  T o p  Scalef '  
0 1 1 - 0 5 6  1 ( f r o m  p r e v i o u s  r u n )  1 4 / 6 / 7 8  1 6 : O O .  

D a t e  a n a l y z e d  4 / 1 5 / 7 8 .  

Weight scale i s  t h e  i n i t i a l  weight  of scale i n  m g .  t a k e n  f o r  a n a l y s i s  a f t e r  d r y i n g  2 4  

5 4 6 . 9  2 . 2  2 1 4 . 0  1 2.'68 3 . 1 2  

hour s  a t  120"  C .  

Weight r e s i d u e  i s  a f t e r  d i g e s t i n g  t h e  s ca l e  i n  concent ra ted  H C 1 ,  f i l t e r i n g ,  w a s h i n g ,  

a n d  d r y i n g  (expressed a s  m g ) .  

T h e  w e i g h t o f  c o n s t i t u e n t  i n  t h e  ac id  s o l u b l e  f r a c t i o n  (expressed  as m g ) .  

L i t t l e ,  i f  a n y ,  g a s  e v o l u t i o n  observed u p o n  d i g e s t i o n  i n  c o n c e n t r a t e d  H C 1 .  

Eloderate t o  e x t e n s i v e  gas e v o l u t i o n  observed u p o n  d i g e s t i o n  i n  concent ra ted  HC1.  



TABLE V I 1  
SCALE ANALYSES 

DEQUEST*2060 INJECTION,EAST MESA NO. 16 -29 /APRIL  1 9 7 8  

I 

VR CODE 

0 1 1 - 0 4 9  

0 1 1 - 0 5 0  

0 1 1 - 0 5 1  

0 1 1 - 0 5 2  

0 1 1 - 0 5 3  

0 1 1 - 0 5 4  

0 1 1 - 0 5 5  

I 

I 0 1 1 - 0 5 6  
w 

d .  TOTAL PO4 DATE WEIGHTb WEIGHTc 
 IDENTIFICATION^ . SAMPLED T l2.1 E SCALE R E S I D U E  . 

4 t h  S p o o l  D o w n s t r e a m  e .  4 / 1 / 7 8 * *  5 8 0 . 0  2 5 . 0  4 . 2 5  

1st O r i f i c e  D o w n s t r e a m  4 / 6 / 7 8  1 4 : 5 5  5 4 3 . 0  2 0 . 9  3 3 2 . 5  

1st S p o o l  D o w n s t r e a m -  
Upstream o f  2 n d  O r i f i c e  f .  4 / 6 / 7 8  1 4 : 3 0  5 4 9 . 2  1 8 . 8  3 1 2 . 5  

I 

2 n d  Spool Upstream 4 / 5 / 7 8  1 4 :  1 5  5 4 9 . 5  0 3 3 7 . 5  

2 n d  S p o o l  D o w n s t r e a m ? .  
W e t  P o r t i o n  4 / 6 / 7 8  1 4 :  1 0  5 4 2 . 3  0 3 2 4 . 0  

2 n d  Spool D o w n s t r e a m  4 / 6 / 7 8  1 4 : O O  5 4 0 . 7  1 . 6  3 1 6 . 0  - 
2 n d  O r i f  ice  D o w n s t r e a m  * 4 / 6 / 7 8  1 4 : 5 0  5 4 5 . 4  1 6 . 4  3 1 0 . 0  

3 r d  S p o o l  T o p  Scalee 
( f r o m  p r e v i c u s  r u n )  * I 4 / 6 / 7 8  I 16:OO , 5 4 6 . 9  2 . 2  4 . 8  

a .  

b .  

C .  

d .  

e .  

f .  

D a t e  a n a l y z e d  4 / 1 5 - 4 / 1 8 / 7 8 .  

W e i g h t  sca le  i s  t h e  i n i t i a l  w e i g h t  of s c a l e  i n  mg t a k e n  f o r  a n a l y s i s  a f t e r  d r y i n g  2 4  h o u r s  

a t  1 2 0 O  C.  

W e i g h t  r e s i d u e  i s  a f t e r  d i g e s t i n g  t h e  s ca l e  i n  c o n c e n t r a t e d  H C 1 ,  f i l t e r i n g ,  w a s h i n g ,  a n d  

d r y i n g  ( e x p r e s s e d  a s  m g ) .  

T o t a l  PO4 i s  t h e  w e i g h t  of PO4 a f t e r  o x i d a t i v e  d e g r a d a t i o n  of t h e  a c id  s o l u b l e  f r a c t i o n  of 

t h e  s a m p l e  ( e x p r e s s e d  a s  m g ) .  

M o d e r a t e  t o  e x t e n s i v e  g a s  e v o l u t i o n  observed u p o n  d i g e s t i o n  i n  c o n c e n t r a t e d  H C 1 .  

L i t t l e ,  i f  a n y ,  g a s  e v o l u t i o n  o b s e r v e d  u p o n  d i g e s t i o n  i n  c o n c e n t r a t e d  H C 1 .  

* *  S c a l e  sample f r o m  p r e v i o u s  r u n  (see Table  11). T h i s  s a m p l e  w a s  a n a l y z e d  f o r  PO4 t o  

e s t a b l i s h  a n a l y t i c a l  r e l i a b i l i t y  a n d  b e h a v i o r  o f  PO4 n a t i v e  i n  b r i n e .  



I 
w w 

I 

(STARTING 
UPSTREAM) 

TABLE V I 1 1  
APPEARANCE AND THICKNESS OF SCALE I N  T E S T  LOOP 

AFTER 1 1 0 . 5  HOUR FLOW PERIOD USING 1 O p 1 / 1  DEQUEST" 2 0 6 0  
(WELL NO. 1 6 - 2 9 ,  R G I ,  EAST MESA) 

LENGTH THICKNESS I N  INCH THICKNESS SCALE 
I N  FEET TOP BOTTOM I N  INCII APPEARANCE 

I 

No- 1 SPOOL 1 M A X I M U M  SCALE AVERAGE SCALE OPTICAL 

1 

2 

H o r n  'I 

3 

4 

10 1 / 1 6  * *  1/16 * *  a p p r o x .  1 / 6 4  w h i t e  a m o r p h o u s  

1 2  1 / 1 6 - 1 / 3 2  1 / 1 6 - 1 / 3 2  1 / 1 6 - 1 / 3 2  g r a y - g r e e n  c r y s t a l l i n e  

1 0  1 / 1 6 - 1 / 3 2  1 / 1 6 - 1 / 3 2  1 / 1 6 - 1 / 3 2  g r a y - g r e e n  c r y s t a l l i n e  

1 2  NONE NONE NONE Mill m a r k s  o n  s t ee l  v i s i b l e  

1 0  NONE NONE NONE M i l l  ma rks  on. s t ee l  v i s i b l e  

AVERAGE - a p p r o x .  0 . 0 1  - 5 4  

* *  Scale e x t e n d e d  o n l y  2 feet  f r o m  e a c h  e n d  i n t o  spool .  C e n t e r  of s p o o l  w a s  c l e a n .  



2.5~1/1 DEQUEST* 2060 INJECTION, EAST MESA NO. 16-29/APRIL 1978 
- 

b DATE 
VR CODE  IDENTIFICATION^. SAMPLED TIME c1 Li Na Mg Ca s04 PO4 

0.30 011-013 16-29 Wellhead RU 4/7/78 9:lO 394 1 . 2  571 0.15 

011-014 16-29 Wellhead RA 4/7/78 9:05 - 1.2 607 0.19 6.2 158 0.28 

011-019 Baker Tank RU 4/7/78 8:50 553 1.4 652 0.18 6.8 181 0.25 

011-020 Baker Tank RA 4/7/78 8: 45 - 1.3 670 0.18 6.8 192 0.48 

011-017 of Separator RU 4/7/78 8:25 634 1.4 634 0.13 6.6 187 0.11 
I I 
w 16-29 Downstream 1 
I 011-018 of Separator RA 4/7/75 8:30 - 1.3 679 0.18 6.8 181 0.24 

0.08 41 .05 

0.03 0.01 0.37 <1 .03 

4/7/78 1 0 : 3 0  562 1.4 652 0.14 6.4 190 0.48 

- 1.4 688 0.24 6.5 184 0.39 

4/7/78 10:35 558 1.4 634 0.18 6.6 195 0.29 

4/7/78 10:35 - 1 1.3 670 0.20 16.8 187 1 0.36 

5.8 161 

16-29 Downstream 

16-29 Downstream 

16-29 Downstream 
1 

F- 

16-29 Condensate 

16-29 Condensate 

18-28 Upstream 

18-28 Upstream 

18-28 Downstream 

18-28 Downstream 

011-015 Steamline RU 4/7/78 8:05 0.4 <0.04 0.05 0 . 0 1  

011-016 Steamline RA 4/7/78 8: 10 - (0.04 

011-021 Filter RU 

011-022 Filter RA 4/7/78 10:30 

011-023 Filter ,RU 

I 
011-024 Filter RA 

r 

TOTAL 
b. ‘PO4 

2.0 
3.5 

2 . 1  

1.8 

0 . 6  

1.0 

0.6 

0.2 

1.7 

2.5 

2.2 

2.6 



TABLE X 

1 

MG C02 c o  
DATE PER LITER 

 IDENTIFICATION^ SAYPLED TIME OF SANPLE 

n o b -  16-29 Blank 4/7/78 7:40 

16-29 Wellhead 750-1500 (1:l) 4/7/78 9:15 568 
577 16-29 Wellhead 750-1500 (1: 1) 4/7/78 9:15 

16-29 Downstream of Separator 
750-1500 (1:l) 4/7/78 8 : 3 0  276 

16-29 Downstream of Separator 
268 75C-1500 (1: 1) 4/7/78 8 : 3 5  

15-29 DowRstream of Baker 
Tank 750-1500 (1:1) 4/7/78 8:50 273 

16-29 Dcwnstream of Eaker 
Tank 4/7/78 8:55 260 

- 

L 

CARBON DIOXIDE ANALYSES 
2.5~1/1 DEQUEST" 2060 INJECTION, EAST MESA NO. 16-29/APRIL 1978 

MG COzd' 
PER LITER 
OF CODLED 
LIQUID 

-- 
1026 
1044 

422 
I 

426 

436 

410 

16-29 Stcamline 1250-1500 

16-29 Steamline 1250-1500 
( 5 : l )  

( 5 : l )  

4/7/78 7:45 1250 6950 

4/7/78 7:50 1217 6752 

a. Gate analyzed 4/11/78. 
b. Analyzed in triplicate. 

c. C02 in all species, ionic and nonionic forms. 
d. C02 contamination of fluid in line before sample dilution and 

corrected for C02 content of blank and dilution with blank. 
C02 in all species, ionic and nonionic forms. 

Care was taken to avoid CO 2 contamination 
during analysis. 

-35- 



I 
w 
0 
I 

1. SPOOL 

TABLE X I  

AVERAGE PRESSURES AND TEMPERATURES AT R G I ' S  WELL NO. 56-30 

2 .  SPOOL 

DURING SCALE I N H I B I T I O N  TEST WORK (FEBRUARY 8 - MARCH 6 ,  1 9 7 9 )  

0 F 

315 

3 1 6  

315 

3 1 6  

3 1 6  

T E S T  AND T E S T  TIME 
p s i g  

8 1  

9 1  

9 0  

8 9  

88 

1. BASE L I N E  T E S T N o .  1 
2 / 0 8 / 7 9  ( 2 3 0 0  h o u r s )  t o  
2 / 1 3 / 7 9  ( 0 7 1 5  h o u r s )  

2 .  BASE L I N E  TEST N o .  2 
2 / 1 6 / 7 9  ( 1 9 0 0  h o u r s )  t o  
2 / 2 1 / 7 9  ( 0 7 1 5  h o u r s )  

7 . 5  p l / l  DEQUEST I N J E C T I O N  
2 / 2 2 / 7 9  (1515 hours )  t o  
2 / 2 6 / 7 9  ( 1 0 0 0  h o u r s )  

2 . 0  p1/1 DEQUEST I N J E C T I O N  
2 / 2 6 / 7 9  ( 1 5 0 0  h o u r s )  t o  
3 / 0 2 / 7 9  ( 0 8 4 5  hour s )  

1 . 0  u l / l  DEQUEST I N J E C T I O N  
3 / 0 2 / 7 9  ( 1 0 4 5  h o u r s )  t o  
3 / 0 6 / 7 9  ( 1 0 4 5  h o u r s )  

WELLHEAD 

1 3 9  

1 4 5  

1 4 2  

1 4 6  

1 4 7  

- 
F 

315 

0 

- 

315 

315 

315 

315 

- 

1 0 7  

118 

1 1 7  

1 1 7  

1 1 7  

- 
F 

3 1 0  

0 

3 1 2  

3 1 2  

3 1 2  

3 1 2  

3 .  SPOOL 

P s i g  

75  

7 4  

7 4  

7 5  

7 5  

F 0 

N.A. 

N.A. 

N.A. 

N.A. 

N.A. 

4 .  SPOOL 

P s i 9  

6 5 *  

5 6  

55 

5 5  

55 

F 

3 0 4  

0 

3 0 0  

2 9 8  

2 9 8  

2 9 8  

5 .  SPOOL 

2 7  

2 5  

2 6  

2 5  

2 4  

F 0 

2 6 5  

2 6 2  

2 6 6  

2 6 6  

2 6 6  

* R i s i n g  f r o m  6 5  p s i g  ( 2 / 0 8 / 7 9 )  t o  7 5  p s i g  ( 2 / 1 3 / 7 9 )  



TABLE XI1 

SPOOL NO. 
(STARTING UPSTREAM) I 

w 
U 
I 

SPOOL LENGTH 
IN FEET 

APPEARANCE AND THICKNESS OF SCALE IN TEST 

LOOP AFTER 108.25 HOUR BASE LINE FLOW PERIOD 

(WELL NO. 56-30, FEBRUARY 16-21, 1979) 

AVERAGE SCALE 
THICKNESS IN INCH 

Thin Film 

Thin Film 

0 . 1 0  

1.25 

1.50 

0.62 

OPTICAL SCALE APPEARANCE 

Black 

B l a c k  

White, Crystaline, Dense 

Greyish-White, Fluffy 

Greyish-White, Fluffy, Layered 

I 



TABLE XI11 

SCALE ANALYSES 

RGI/EAST MES.4 WELL #56-30 (FEBRUARY-MARCH, 1979) 

I 
w 
00 

I 

I 
SCALE 

IDENTIFICATION VR CODE 

0001-03-670 
0001-03-671 
0 0 01-0 3- 67 2 
0001-03-673 
0001-03-674 

0001-03-675 
0 0 01- 0 3-6 7 6 
0001-03-677 
0001-03-678 

0001-03-679 

0001-03-680 
0001-03-681 
0001-03-682 
0001-03-683 
0001-03-684 

2nd Spool 
3rd Spool 
4th Spool 
Downstr. of Separator 
3rd Spool 

4th Spool 
Upstream of Loop 
Downstream 2nd Spool 
Orifice between 3rd 
and 4th Spool 
Upstream 4th Spool 

Downstream 3rd Spool 
4th Spool 
Upstream 5th Spool 
Downstream 4th Spool 
Downstream 5th Spool 

DATE 
SAMPLED 

2/13/79 
2/13/79 
2/13/79 
2/13/79 
2/26/79 

2/26/79 
2/26/79 
2/21/79 

2/21/79 
2/21/79 

2/21/79 
2/21/79 
2/21/79 
2/21/79 
2/21/79 

% ACIDa 
SOLUBLE * 

80.0 
99.4 
98.1 
100.0 
100.0 

100.0 
97.0 
95.1 

100.0 
95.8 

100.0 
100.0 
100.0 
100.0 
97.3 

IESUL’I 

C a  

21.0 
33.0 
33.0 
29.0 
19.0 

17.0 
15.0 
27.0 

27.0 
35.0 

28.0 
36.0 
38.0 
34.0 
34.0 

( %  

Ms 

.12 

.15 

.16 

.05 

.20 

-18 
.16 
.14 

.04 
-06 

.18 

.05 

.04 
-08 
-07 

Y WE 

Ba 

.26 

.06 

.23 

.17 

.33 

.28 

.18 

.03 

* 42 
.18 

.03 

.37 

.17 
149 
.69 

3HT 0 

Sr 

.13 

.73 
3.1 
3.0 
1.2 

1.0 
.77 
.48 

3.2 
3.5 

.48 
3.8 
3.4 
3.9 
4.1 

TOTAL SOLID 

Fe 

49.0 
1.6 
-66 
* 20 
-21 

.14 
-20 

1.7 

.19 

.12 

2.6 
.24 
I19 
-25 
.35 

a. The solid samples were dissolved in HNO3 for analysis. 
b. The value for P is expressed as weight percent PO4. 
c. This calculation is from the PO4 analyses using 5 P04/molecule of Dequest 2060 

pb- 
JALCULATED~. 
RATIO OF Ca 
ro DEQUEST 



TABLE X I V  

WATER ANALYSES OF UNFLASMED WELLHEAD BRINES I N  m g / l  

( R G I  EAST MESA WELL # 5 6 - 3 0 ,  FEBRUARY-MARCH, 1 9 7 9 )  

2OLLECTED 

SAMPLE 
CREATMENT 

N a  
K 
L i  
C a  
w 
B a  
S r  

S i 0 2  
B 
A 1  

A s  
A u  
B e  
C d  
C e  
co 
C r  
c u  
F e  
G a  
G e  

L a  
M n  
M o  
N i  
P b  
Sb 
Se 
Sn 
T i  
V 
Zn 
Z r  
PO4 c1 
s o 4  
P H  

A g  

H g  

FEBRUARY 7 .  1 9 7 9  

UNTREATED 

6 0 4  
4 8  

0 . 8 0  
4 . 9  

< 0 . 0 3 6  
< 0 . 0 2 6  

0 . 4 5  

0 . 3 6  
< 0 . 0 2 6  
< 0 . 0 0 3  
<0.10 
< 0 . 0 0 9  
< 0 . 0 0 1  
< 0 . 0 0 7  
< 0 . 1 3  
< 0 . 0 0 9  
< 0 . 0 1 1  
< 0 . 0 0 2  

0 . 0 0 8  
< 0 . 0 6 5  
< 0 . 0 7 5  
< 0 . 0 3 0  
< 0 . 0 0 3  
< 0 . 0 0 1  
< 0 . 0 7 5  
< 0 . 0 3 5  
< 0 . 0 5 0  
< 0 . 4 0  
< 0 . 1 4  
< 0 . 1 1  
< 0 . 0 0 2  
< 0 . 0 0 3  
< 0 . 0 0 7  
< 0 . 0 0 5  
<0.10 

1 4 1  

5 4 0  
1 7 0  

7 . 9  

AC I D I F I ED 

5 9 3  
47  

0 . 7 9  
4 . 8  

< 0 . 0 3 6  
< O .  0 2 6  

0 . 4 2  

0 . 4 0  
< 0 . 0 2 6  
< 0 . 0 0 3  
10.10 
< 0 . 0 0 9  
<0.001 
< 0 . 0 0 7  
< 0 . 1 3  
1 0 . 0 0 9  
<0.011 
< 0 . 0 0 2  

0 . 0 3 5  
< 0 . 0 6 5  
< 0 . 0 7 5  
< O .  0 3 0  
< 0 . 0 0 3  
< 0 . 0 0 1  
< 0 . 0 7 5  
< 0 . 0 3 5  
< O .  050 
< 0 . 4 0  
< 0 . 1 4  
< 0 . 1 1  
< 0 . 0 0 2  
< 0 . 0 0 3  
< 0 . 0 0 7  
< 0 . 0 0 5  
<0.10 

1 3 9  

5 2 0  
1 8 0  

1 . 5  

MARCH 7 ,  1 9 7 9  

UNTREATED 

6 0 6  
4 6  

0 . 8 8  
5 . 0  

< 0 . 0 3 6  
< 0 . 0 2 6  

0 . 4 4  
1 4 3  

0 .38  
< O .  0 2 6  
< O .  0 0 3  
< o .  1 0  
< 0 . 0 0 9  
<0.001 
< O .  0 0 7  
< 0 . 1 3  
< o .  0 0 9  
<0.011 
< 0 . 0 0 2  
< O .  0 7 6  
< 0 . 0 6 5  
< 0 . 0 7 5  
< O .  0 3 0  
< O .  0 0 3  
< 0 . 0 0 1  
< 0 . 0 7 5  
< 0 . 0 3 5  
< 0 . 0 5 0  
< O .  4 0  
< 0 . 1 4  
< 0 . 1 1  
< 0 . 0 0 2  
< O .  0 0 3  
< O .  0 0 7  
< 0 . 0 0 5  
<0.10 

5 3 0  
1 7 0  

7 . 2  

ACID I F  IEI: 

5 9 9  
4 6  

0 . 8 8  
5 . 1  

< 0 . 0 3 6  
~ 0 . 0 2 6  

0 . 4 7  

0 . 4 5  
< 0 . 0 2 6  
< 0 . 0 0 3  
<0.10 
< 0 . 0 0 9  
< 0 . 0 0 1  
< 0 . 0 0 7  
< 0 . 1 3  
< 0 . 0 0 9  
<0.011 
< 0 . 0 0 2  
~ 0 . 1 5  
< 0 . 0 6 5  
< 0 . 0 7 5  
~ 0 . 0 3 0  
~ 0 . 0 0 3  

0 . 0 0 5  
< 0 . 0 7 5  
< 0 . 0 3 5  
< 0 . 0 5 0  
< 0 . 4 0  
< 0 . 1 4  
<0.11 
< 0 . 0 0 2  
~ 0 . 0 0 3  
< 0 . 0 0 7  
~ 0 . 0 0 5  
<0.10 

1 4 0  

5 2 0  
1 8 0  

1.5 
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I c- 
0 
I 

Zn cu VR CODE Mn 

0001-02-538 
0001-02-543 
0001-02-544 
0001-02- 547 
0001-02-548 
0001-02-551 
0001-02-552 
0001-02-555 
0001-02-556 
0001-02-561 
0001- 02-562 

0.01 
0.14 
0.22 
0.09 
3.7 
0.07 
0.02 
0.02 
0.01 

0001-02-564 
0001-02-599 
0001-02-600 
0001-02-601 
0001-02-602 
0001-02-603 
0001-02-604 
0001-02-605 
0001-02-606 
0001-02-650 
0001-02-651 

<0.002 0.002 
<0.002 0.023 

0.33 0.022 
<0.002 0.017 

0.042 0.025 
0.069 0.018 
0.063 0.007 
0.043 0.011 

<0.002 0.004 

DATE 
SAMPLED 

0.01 <0.002 
0.05 1 0.10 

I 

2/06/79 ( a . m .  ) 
2/07/79 ( a . m . )  
2/07/79 ( p . m .  ) 
2/08/79 ( a . m .  ) 
2/08/79 ( p . m . 1  
2/09/79 ( a . m .  ) 
2/09/79 ( p . m . 1  
2/10/79 ( a . m . )  
2/10/79 ( p . m . )  
2/11/79 ( a . m . )  
2/11/79 ( p . m . 1  

0.007 
0.016 

2/12/79 ( a . m .  ) 
2/12/79 ( p . m . 1  
2/15/79 (p.m. ) 
2/16/79 ( a . m .  ) 
2/16/79 ( p . m . )  
2/17/79 ( a . m . )  
2/17/79 ( p . m . )  
2/18/79 ( a . m .  ) 
2/18/79 ( p . m .  1 
2/21/79 ( a . m .  ) 
2/21/79 ( p . m .  ) 

0.02 
0.01 
0.22 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

TABLE XV 

BAKER TANK WATER ANALYSES ( A C I D I F I E D )  

R G I / E A S T  MESA 56-30 TEST, FEBRUARY-MARCH, 1979 

0.057 
<0.002 

0.055 
<0.002 
<0.002 
<0.002 
C0.002 
<0.002 
<0.002 
<0.002 
<0.002 

- 
N a  
- 

720 
680 
690 
690 
720 
720 
730 
730 
720 
720 
680 

690 
710 

710 
710 
710 
710 
700 
700 
7 00 
720 

680 

- 
K 
- 

26 
24 
24 
24 
25 
25 
25 
24 
24 
25 
24 

23 
25 
23 
24 
24 
25 
25 
24 
24 
24 
25 
- 

- 
Li 
- 

0.78 
0.87 
9.94 

1.0 
1.0 
1.0 
0.95 
0.87 
0.75 
1.0 

0.86 

1.0 
0.88 
1.1 

0.76 
0.73 
0.74 
0.73 
0.72 
0.73 
0.75 

0.85 

- 

C a  

2.3 
1.3 
5 .1  
4.6 
6 .1  
2.4 
2.3 
2.6 
2.4 
3.5 
2 . 1  

1 .6  
4.0 
4.3 
2.3 
7.5 
3.5 
2.9 
6.6 
2.4 
1.3 
2.8 

- 
Mg - 

< 0.1 
0.1 

c 0.1 
c 0.1 
c 0.1 
c 0.1 
0.1 

c 0.1 
c 0.1 
c 0.1 
0.1 

c 0.1 
c 0 .1  

0.5 
< 0 .1  
c o . 1  
< 0.1 
C O . 1  

< 0.1 
c 0.1 
< 0.1 
< 0.1 
- 

B a  

0.15 
2.1 
2.5 
1 .5  
2.4 
1 .0  
1.5 
1 . 2  
0.51 
0.50 
2.0 

2.0 
1.0 
3.0 
0.90 
1 .4  
0.60 
0.17 
1.3 
0.77 
1.9 
0.03 

Sr 

0.37 
0.40 
0.5 
0.40 
0.37 
0.28 
0.30 
0.40 
0.36 
0.29 
0.31 

0.26 
0.32 
0.66 
0.35 
0.98 
0.56 
0.35 
0.40 
0.92 
1.5 
0.28 

S ULTS 
B 
- 

0.89 
1.0 
0.89 
0.94 
1.1 
1.0 
1.3 
1.1 
1.0 
0.94 
1.0 

1.3 
0.95 
0.98 
0.95 
0.86 
0.87 
0.79 
0.90 
0.85 
0.88 
0.76 

( m g / l )  
A1 

0.03 
0.30 
0.26 
0.24 
0.53 
0.53 
0.42 
0.33 
0.19 

: 0.03 
0.33 

0.53 
0.17 
0.66 
0.09 

: 0.03 
: 0.03 
: 0.03 
: 0.03 
Z0.03 
:0.03 
:0 .03 

I 

0.014 
0.008 
0.064 
0.007 
0.024 
0.009 
<0.001 

0.019 
0.006 
0.032 
:0.001 

Fe 

0.004 
0.10 
0.18 
0.22 
0.28 
0.33 
0.17 
0.33 
0.17 
0.19 
0.32 

0.11 
0.16 
1.9 
0.20 
0.45 
0 .21  
0.04 
0.17 
0.10 
0 .21  

: 0.003 

- 
p04 - 

0 . 1  
0.1 
0.3 
0 .1  
1.8 
0.6 
0.1 
0 .1  
0 .1  
0.1 
0.5 

0.7 
0.1 
1 . 2  
0 .1  
0 .1  
0.1 
0.1 
0 .1  
0.1 
0.1 
0.1 
- 

- 
S i O ;  
- 

200 
190 
190 
190 
200 
200 
210 
200 
2 00 
200 
190 

200 
2 00 
190 
200 
200 
200 
200 
190 
200 
190 
200 

- 
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TABLE XVI 

BAKER TANK WATER ANALYSES ( U N A C I D I F I E D )  

RGI/EAST MESA 56-30 T E S T ,  FEBRUARY-MARCH, 1979 

Sr 

0 .4  
0 . 4  
0.5 
0 .4  
0 . 4  
0 .3  
0 . 3  
0 .4  
0 .4  
0 . 3  

I c- 
to 

I 

c1 

690 
590 
720 
770 
800 
790 
730 
760 
750 
770 

VR CODE 

0 .3  

0 . 2  

0001- 02- 53 8 
0001-02-543 
0001-02-544 
0001-02-547 
0001-02-548 
0001-02-551 
0001-02-552 
0001-02-555 
0001-02-556 
0001-02-561 
0001-02-562 

0001-02-564 
0001-02-599 
0001-02-600 
0001-02-601 
0001-02-602 
0001-02-603 
0001-02-604 
0001-02-605 
0001-02-606 
0001-02-650 
0001-02-651 

770 

590 

DATE 
SAMPLED 

0.5 
0 .2  
0 .2  
0 .2  
0 .2  
0 . 2  
0 . 2  
0 .2  
0 .2  
0 . 2  

2/06/79 ( a . m .  
2/07/79 ( a . m .  1 
2/07/79 ( p . m . 1  
2/08/79 (a .m.  
2/08/79 (p.rn.1 
2/09/79 ( a . m .  
2/09/79 (p.rn.1 
2/10/79 ( a . m .  
2/10/79 ( p . m .  
2/11/79 ( a . m .  1 
2/11/79 (p.m. 

600 
600 
600 
610 
590 
610 
590 
590 
590 
600 

2/12/79 ( a . m .  1 
2/12/79 ( p . m .  
2/15/79 ( p . m .  1 
2/16/79 ( a . m .  1 
2/16/79 (p.m. 1 
2/17-79 ( a . m . )  
2/17/79 ( p . m .  
2/18/79 ( a . m .  1 
2/18/79 (p.m. 1 
2/21/79 ( a . m .  
2/21/79 ( p . m .  1 

C a  

2 . 5  
2 .6  
3 . 1  
2 .6  
2 .3  
1.8 
0.7 
2 . 0  
2.2 
1.8 
1.8 

1 . 0  
1 . 3  
1 . 0  
2 .0  
1 . 3  
0 . 9  
1 . 0  
1.1 
0 . 8  
1 . 0  
1 . 2  

RE ULTS (mg, 
s o 4  

200 
200 
200 
2 00 
180  
210 
200 
2 00 
200 
180  
190  

190  
200 
180  
180  
190  
190  
180 
200 
200 
180  
190  

- 
120  
- 
- 
- 
- 
- 
- 
- 
- 

120  

120  
120  
120  
120  
120  
120  
120  
120  
130  
120  
110  

250 
210 
210 
290 
250 
240 
300 
330 

330 
210 
190  
200 
210 
200 
2 00 
200 
180  
210 
250 

PH 

7 . 3  
9.4 
7 . 1  
6 . 5  
6 . 5  
6 . 6  
6 . 9  
6 . 8  
6 .6  
7 . 1  
9 .3  

9.4 
9 .3  
9 . 4  
9.4 
9 .3  
9 .3  
9 .3  
9 . 3  
9 . 3  
9 .3  
9 .2  



I 
f- 
w 
I 

TABLE XVI (CONTINUED) 

BAKER TANK WATER ANALYSES ( U N A C I D I F I E D )  

VR CODE 

0001-02-652 
0001-02-653 
0001-02-654 
0001-02-655 
0001-02-656 
0001-02-657 
0001-02-658 
0001-02-659 
0001-02-660 
0001-02-661 
0001-02-662 
0001- 02-663 
0001-02-664 

RGI/EAST MESA 56-30 T E S T ,  FEBRUARY-MARCH, 1979 

__ ~~~ 

DATE 
SAMPLED 

2/22/79 ( a . m . )  
2/22/79 (p.m. 1 
2/23/79 ( a . m . )  
2/23/79 ( p . m .  
2/24/79 ( a . m . )  
2/26/79 ( p . m .  
2/27/79 ( a . m .  ) 
2/27/79 ( p . m .  1 
2/28/79 ( a . m .  1 
2/28/79 ip.m’. 1 
3/01/79 ( a . m .  
3/01/79 ( p . m .  1 
3/02/79 ( a . m .  ) 

1 1 
C a  

1.7 
5.3 
5.6 
5.4 
5.6 
5.6 
8.1 
5.5 
5.4 
5.5 
5.5 
5.5 
5.4 

Sr 

0.18 
0.68 
0.74 
0.74 
0.74 
0.74 
0.95 
0.73 
0.75 
0.73 
0.74 
0.74 
0.74 

RE 
c1 

610 
650 
510 
67 0 
590 
740 
610 
590 
580 
580 
590 
590 
590 

JLTS ( m g  

334 

200 
190 
190 
190 
180 
190 
180 
190 
180 
180 
190 
190 
180 

11 
co3 

94 
110 
120 
120 
110 
130 
120 
130 
120 
120 
13 0 
130 
130 

220 
230 
250 
210 
230 
210 
240 
220 
2 00 
2 00 
220 

9.2 
9.4 
9.3 
9.3 
9.3 
9.4 
9.3 
9.3 
9.3 
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FIGURE 3 
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FIGURE 5 
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FIGURE 6 
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EAST MESA WELL 56-30 

SCALE DEPOSITION DURING 1st. BASE LINE TEST 

PLATE NO. 1 

SCALE IN 4th. SPOOL 

CBB 796-7839 

-5 1- 



EAST MESA WELL 56-30 

SCALE DEPOSITION DURING 2nd. BASE LINE TEST 

PLATE NO. 2 

SCALE IN 1st. SPOOL 

PLATE NO. 3 

SCALE IN 2nd. SPOOL 

CBB 796-7841 

-52- 



EAST MESA WELL 56-30 

SCALE DEPOSITION DURING 2nd. BASE LINE TEST 

PLATE NO. 4 

SCALE IN 3rd. SPOOL 

PLATE 

SCALE 

NO. 5 

IN 4th. SPOOL 

-53- CBB 796-7843 



EAST MESA WELL 56-30 

SCALE DEPOSITION DURING 2nd. BASE LINE TEST 

PLATE NO. 6 

SCALE IN 4th. SPOOL 

PLATE NO. 7 

SCALE IN 5th. SPOOL 

CBB 796-7845 

-54- 



PLATE NO. 8 

PSEUDO-SCALE 
IN 3rd SPOOL 

EAST MESA WELL 56-30 

PSEUDO-SCALE DEPOSITION DURING 

INJECTION OF 7.5 ul DEQUEST PER LITER BRINE 

PLATE NO. 9 

PSEUDO-SCALE 
IN 4th SPOOL 

-55- CBB 796-7847 



EAST MESA WELL 56-30 

SCALE-FREE L I N E  DURING I N J E C T I O N  

O F  2 .0  u 1  AND 1 . 0  p l  DEQUEST PER L I T E R  BRINE 

PLATE NO. 1 0  

CBB 796-7849 
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