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PREAMBLE 

. 

i 
The Uni ted  S t a t e s  Department of Energy, Div is ion  of Geothermal 
Energy (DOE/DGE) awarded Vetter Research (VR) a c o n t r a c t  t o  
perform r e s e a r c h  r e l a t e d  t o  i n j e c t i o n  and r e i n j e c t i o n  problems i n  
geothermal ope ra t ions .  T h i s  c o n t r a c t  (No. DE-AC03- 79ET27146) is 
e n t i t l e d :  " I n j e c t i o n ,  I n j e c t i v i t y  and I n j e c t i b i l i t y n .  The 
p r e s e n t  r e p o r t  is one of t h e  d e l i v e r a b l e s  under t h i s  c o n t r a c t  and 
i t  d e a l s  wi th  t h e  subject o f  t h e  damage t o  porous formation by 
t h e  deg rada t ion  of f l o c c u l a n t s .  

Y 

The r e p o r t  summarizes the  

cp 

V 
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1.0 ABSTRACT 

ri The heat-depleted b r i n e s  from high  temperature geothermal 
r e s e r v o i r s  m u s t  be t r e a t e d  t o  remove p a r t i c l e s  p r i o r  t o  
r e i n j e c t i o n .  F i l t r a t i o n  and/or sedimentat ion w i t h  and without  
chemical a id s  s u c h  a s  f l o c c u l a n t s  is considered t o  be t h e  most 
su i t ab le  method for t h i s  geothermal app l i ca t ion .  Most o f  t h e  

plugging of  re spaces  by t 

The r e s u l t s  
f l o c c u l a n t  can cause  seve re  formation damage. I t  is, t h e r e f o r e  

Y 

- - -___ - -  3 - 9  1 -  -1 - . . I . . .  * .  recommenaea I KO always conauct  iaDoratory tes ts  prior t o  t n e  U s e  
o f  any s p e c i f i c  f l o c c u l a n t  for 
any damage t o  i n j e c t i o n  w e l l s .  

I Y 
2.0 SUMMARY - AND CONCLUSIONS 

S I r- - --- -- ----- . ---- - -  I 

have to  be treated to  remove p o t e n t i a l l y  damaging 
m a t e r i a l s ,  I n  p a r t i c u l a r ,  suspended s o l i d s  m u s t  be 
removed from t h e  b r i n e s  t o  be r e i n  
damage to  t h e  i n j e c t i o n  

and/or sed imenta t ion  process w i t h  and wi thout  chemical 

rw 

2. P a r t i c l e  removal p r i o r  

Y a las  sucn a s  r i o c c u i a n t s  is p o t e n t i a l l y  t h e  most 
s u i  table  method f o r  a problem-free geothermal 
r e i n j e c t i o n  ope ra t ion .  

p rocess  is r a t h e r  slow. The re  seems t o  be an upper 
3. Geothermal b r i n e s  are normally s e l f - f l o c c i n g ,  b u t  t h e  

&A,...AC-.&..--. LL- m - 3  c e 3  - -e*- -  ------- 

i 
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4. Floccu lan t s  added t o  the  geothermal b r i n e  may (a )  
i n c r e a s e  t h e  f locc ing  temperature and (b) improve t h e  

Y f l o c c i n g  process  a t  any temperature. 

materials a t  t h e  h igh  temperatures  encountered i n  
geothermal environment. Therefore ,  it might be 
suspec ted  t h a t  t h e  s o l  id  deg rada t ion  product  can damage 

13. There is another  p o s s i b l e  mechanism by which t h e  
f l o c c u l a n t s  may cause  damage t o  the  formation. T h i s  
damage is through change i n  w e t t a b i l i t y  of t h e  rock 
m a t r i x  due to adsorbed f l o c c u l a n t  on t he  rock su r face .  
T h i s  w e t t a b i l i t y  change can decrease  t h e  r e l a t i v e  rock 
pe rmeab i l i t y  and, t h u s ,  can  decrease  t h e  i n j e c t i v i t y .  

13 porous formation by plugging of t h e  pores. 

-. 

Y 



PAGE 4 3 

14. Some- l a b o r a t o r y  experiments a r e  performed-by degrading 
- - .- two commercial f l o c c u l a n t s ,  TFL-398 and -TFL-362 i n  Berea 

u sands tone  c o r e s ,  These experiments showed - t h a t  a s e v e r e  
damage t o  the  p e r m e a b i l l i t y  of  a c l e a n  porous medium can 
be c r e a t e d  by t h e  f l o c c u l a n t  a d d i t i o n  t o  t h e  b r ine .  

- -._ 

e n t e r i n g  t h e  -formation. 

de te rmine  low c o n c e n t r a t i o n s  of f l o c c u l a n t s  i n  b r i n e s .  

presence o'f excess 
t o  t h e i r  en t r ance  

l a b o r a t o r y  and f i e l d  s t u d i e s  t o  overcome t h e  a n a l y t i c a l  
s e n s i t i v i t y  problems normally encountered . in  t h i s  type 
of ,work.  . 

3. E f f e c t i v e  a n a l y t i c a l  methods should be developed t o  

Y 

4.0 INTRODUCTIO u 
The need t o  r e i n j e c t  t h e  heat-depleted brines from geothermal 
o p e r a t i o n s  and t h e  problems a s s o c i a t e d  w i t h  t h i s  r e i n j e c t i o n  have 
been d iscussed  p rev ious ly  [l]. Prior to  t h e  b r i n e  r e i n j e c t i o n ,  
t h e  heat-depleted geothermal b r i n e s  have to be t r e a t e d  t o  remove 
p o t e n t i a l l y  damag ing sol id materials.  I n  p a r t i c u l a r ,  suspended 

Sl s o l i d s  m u s t  be removed from t h e  b r i n e s  t o  be r e i n j e c t e d  t o  avoid 
s e v e r e  damage t o  t h e  i n j e c t i o n  wells and r e s e r v o i r s .  

- 
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’ Various t rea tment  methods f o r  geothermal b r i n e s  have been 
d iscussed  i n  t h e  l i t e r a tu re  I 2  through lo] .  One o f  t h e  main 
c o n s t i t u e n t s  o f  t he  geothermal b r i n e s  which can cause i n j e c t i o n  
problems is s i l i c a .  Considerable  a t t e n t i o n  has been paid by t 

suspended p a r t i c l e s  from b r i n e s  [6,7,11 through 161. I n  s p i t e  of 
- -  t h e  e x t e n s i v e  -number of methods a v a i l a b l e  f o r  water  t rea tment ,  

- t h e  a c t u a l  t rea tment  o f  a geothermal b r i n e  from a s p e c i f i c  
r e source  would r e q u i r e  t e s t i n g  p r i o r  t o  its r e i n j e c t i o n  

- .  - [1,13,15] . Some unforeseen p r e c i p i t a t i o n - a n d  r e i n j e c t i o n  - -  

problems o f t e n  arise a s  experienced during Mercer 2 w e l l  t e s t  i n  
t h e  Imper ia l  Val ley,  Cal i f o r n i a  [ 151 - and can c r e a t e  v a r i o u s  types  
and degrees o f  w e l l  and r e s e r v o i r  damage. Such problems would 

i n  t h  e l d  

many ha t 

he “ -po>ent ia l ly  most s u i t a b l e  method 

_ .  _- v a r i o u s  i n v e s t i g a t o r s  t o  t h e  removal of s i l i c a  and o t h e r  

of t h e  au thors )  t h a t  p a r t i c l e  removal p r i o r  t o  r e i n j e c t i o n  
through f i l t r a t i o n  and/or s imenta t i o n  w i t h  and without  chemical 
a i d s  s u c h  as f l o c c u l a n t s  is 

- for  a .  problem-free geothermal r e i n j e c t i o n  o p e r a t i o n  [13,17 through 201. The purpose of f l o c c u l a n t  a d d i t i o n s  is to a i d  i n  I 

t h e  formation and growth of p a r t i c l e  agglomerates of such  s i z e  
and d e n s i t y  t h a t  effective s o l i d - l i q u i d  s e p a r a t i o n  can be 
accomplished. Some r e c e n t  f i e l d  s t u d i e s  [21] have claimed g r e a t  
success i n  forming l a r g e  f l ocs  o f  s i l i ca  through use o f  o rgan ic  
chemical f l o c c u l a n t s  and t h  emoval of t h e  f l o c c s  

I I t  has been o u t l i n e d  i n  p r e v i  [15,26] t h a t  t h e  - 

! 
geothermal b r i n e s  a r e  normal1 ing,  t hus  c r e a t i n g  a 
bet ter  chance t o  e f f e c t i v e l y  U t i l i z e  t h e  g r a v i t y  f o r c e s  i n  
p a r t i c l e  sedimendation. These g r a v i t y  ;forces a c t i n g  on t h e  1 r e l a t i v e l y  l a r g e  f l o c c s  provide t h e  bas i s  f o r  t h e  required 
p a r t i c l e  removal p r i o r  t o  r e i n j e c t i o n  through s e t t l i  
th rough t h e  s e t t l i n g  ( or c l a r i f i c  
r e a c t o r / c l a r i f i c a t i o n  system [13]. 

Unfortunately,  t h e  n a t u r a l  f l o c c u l a t i o n  (self- 
p rocess  is temperature dependent f26,27] and r a t h e r  
consuming. For example, t h e  Mercer 2 brine [ 2  
s e l f - f l o c c u l a t e  .w i th in  a reasonable  t i m e  above 92OC. Even below 

p a r t i c l e  c h a r a c t e r  t i o n s  i n - t h e  f i e l d  [26,27] w i l l  proceed 
f a i r l y  slowly, t h u  e q u i r i n g  r a t h e r  l a r g e  and expensive b r i n e  , 

t r ea tmen t  f a c i l i t i e s  (e.g., a r e a c t o r / c l a r i f i c a t i o n  system) . 
geothermal b r i n e  by t h e  a d d i t i o n  of  f l o c c u l a n t s  w i l l  n o t  on ly  ! 

i n c r e a s e  t h e  r e a c t i o n  ra te  of t h e  f l o c c u l a t i o n  p rocess  (i.e. I by 1 

dec reas ing  t h e  requi red  f l o c c u l a t i o n  time) b u t  may also aid t h e  
w f l o c c u l a t i o n  a t  h ighe r  temperatures  by s t a r t i n g  t h e  f l o c c u l a t i o n  

p rocess  a t  temperatures  above t h e  s e l f - f l o c c u l a t i o n  temperature.  

- - - - -  - - ._ - 
V from t h e  br ine .  

- -  

1 Y 

i 
k 
1 

i 
i 

i 
rd 

j 
92OC, t h e  s e l f - f l o c c u l a t i o n  a s  determined by rather complex I 

t 
I 

I 

1 
I 0 

I t  was hoped t h a t  a i d i n g  t h e  s e l f - f l o c c u l a t i n g  tendency o f  a 

\ 

I 

- 
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The  f i r s t  f l o c c u l a t i n g  experiments by t h e  a u t h o r s  were performed 
dur ing  some f i e l d  tes t  work i n  t h e  Imperial  Val ley,  C a l i f o r n i a  
( 1 4 1 .  These  experiments were rather successful a s  far  a s  an 
improvement o f  t h e  f l o c c u l a t i o n  r e a c t i o n  ra te  is concerned. 
However , these experiments were unsuccessful  regarding an 
i n c r e a s e  of t h e  e f f e c t i v e  f loccula t ion  temperature through 
f 1 occ  u l  a n t s  above t h e  sel  f- f 1 occ u l  a t ing temper a t u r  e . 
5.0 SUSPECTED DAMAGE MECHANISM THROUGH 

FLOCCULANT UTILIZATION 

The damage mechanism through ‘ f l o c c u l a n t  u t i l i z a t i o n  is no t  q u i t e  
clear. I t  was suspected t h a t  there exis ts  a t  l e a s t  two d i f f e r e n t  
dam ag e mechanisms : - 

1, c u l a n t  w i l l  g e t  adsorbed on J .  
i 

- -I_ s u r f a c e  of t h e  rock m a t r i x - t h u s  c r e a t i n g  de t r imen ta l  
changes i n  t h e  rock w e t t a b i l i t y  ( c o n t a c t  a n g l e ) .  
i n  t u rn ,  could have a cons ide rab le  and de t r imen ta l  
impact on t h e  pe rmeab i l i t y  and w i t h  t h a t  on t h e  
i n j  e c t i v i t y ,  

The f l o c c u l a n t  may undergo a chemical ly  and/or 
p h y s i c a l l y  induced degrada t ion  process  and t h e  s o l  id 
deg rada t ion  products  may cause a plugging o f  t h e  pores  
w i t h i n  t h e  near wel lbor  

T h i s ,  

2. 

Both mechanisms could resu l t  i n  
- - rock ma t r ix  close t o  t h e  i n j e c t i o n  

p o t e n t i a l l y  e x i s i t i n g  mechanisms are  described b r i e f l y  i n  t h e  
fol lowing two sections, 

v -  

5.1 DAMAGE MECHANISM THROUGH 
ADSORPTION . 

13 

Floccu lan t s ,  by des ign ,  have a r a th  
on s o l  id surfaces. The t h e o r e t i c a l  r e l a t i o n s h i p  between 
f l o c c u l a t i o n  and a d s o r p t i o n  is n o t  q u i t e  c l e a r .  
e f f e c t i v e  o rgan ic  f l o c c u l a n t s  w i l l  s t r o n g l y  g e t  adsorbed on  t h e  
surface of rock m a t e r i a l s .  The adsorbed f l o c c u l a n t  w i l l  change 
t h e  c o n t a c t  ang le  on t h e  s o l i d  f ace ,  t h u s  p o s s i b l y  c r e a t i n g  a 
l a r g e  and de t r imen ta l  effect  on t h e  r e l a t i v e  p e r m e a b i l l i t y  and, 
w i t h  t h a t ,  on t h e  w e l l  i n j e c t i v i t y .  ~ 

However, most 
ri3 

5.2 DAMAGE MECHANISM THROUGH FLOCCULANT 
DEGRADATION CLd 

Most o f  t h e  o rgan ic  chemicals  degrade a t  high temperatures  
encountered i n  geothermal r e s e r v o i r s .  The deg rada t ion  products  
( u s u a l l y  carbonaceous residues) can conceivably cause damage t o  
t h e  porous formation (22,231. T h u s  ; i t  is conce ivable  t h a t  
excess  amounts o f  f l o c c u l a n t  chemicals  Can a c t u a l l y  e n t e r  t h e  
porous r e s e r v o i r  rock and can r e su l t  i n  a near well-bore damage 

cl 
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. o f  t h e  i n j e c t i o n  w e l l s .  

Y A l i t e r a t u r e  s e a r c h  h a s  been made t o  f ind  information r e l a t e d  t o  
t h e  effect  o f  f l o c c u l a n t  degrada t ion  on t h e  pe rmeab i l i t y  o f  a 
porous media w i t h  l i t t l e  success. 

6.0 OBJECTIVES OF THE REPORT -- - 

Y The p r e s e n t  work is aimed a t  de te rmini  a d d i t i o n  of 
- -  . - f l o c c u l a n t s  t o  a geothermal b r i n e  can damage t h e  por 

porous cores. 

- - b r i n e s  can  cause damage - to  t h e  porous media. To accomplish t h i s  - 

w o b j e c t i v e  some flow experiments  a r e  conducted i n  t h e  l abora to ry .  

experiments  a r e  descr ibed  i n  t h i s  s e c t i o n .  
- The m a t e r i a l s ,  appa ra tus  and procedures  used f o r  these 

-_ - 

- .  
7.1 MATERIALS USED - 

A r e c e n t  s tudy  on t h e  c l a r i f i c a t i o n  o f  geothermal f l u i d s  using 
o rgan ic  f l o c c u l a n t s  by Kochelek and Zenty (211 claimed t h e  
successful use of two commercial f l o c c u l a n t s  (TFL-362 and 
TFL-410) , manufactured by t h e  T re to l i t e  Div i s ion  of P e t r o l i t e  
Corporat ion)  . One o f -  t h e s e  f l o c c u l a n t s  (TF-362) and another  
(TFL-398) a r e  used i n  t h e  p r e s e n t  l a b o r a t o r y  s tudy.  Both of 
these f l o c c u l a n t s  are suppl ied  by T r e t o l i t e  [24].  Both o f  them 
a r e  used a t  c o n c e n t r a t i o n s  of 5 ppm and are mixed i n  de ionized  
water.  
used a t  c o n c e n t r a t i o n s  o f  3 ppm [ 2 l 3 .  

Q 

u 
As a comparison, t h e  f l o c c u l a n t s  i n  t h e  f i e l d  s t u d y  were 

To r e p r e s e n t  t h e  porous media, Be ndstone c o r e  p lugs  (1 i n c h  
U diameter  and 1.5 i n  length)  a r e  used. To avoid any damage by t h e  

swe l l ing  or d i s p e r s i o n  of t h e  c l a y s ,  t h e  c o r e  p lugs  a r e  heated a t  
45OoC f o r  4 hours  t o  s t a b i l i z e  t h e  c l a y s  [25]. The m a t e r i a l s  
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used i n  t h e  p r e s e n t  s tudy  a r e  summarized i n  Table 1. 
c: 7.2 APPARATUS 

The experimental  appa ra tus  used i n  t h e  flow experiments of t h e  
p r e s e n t  s tudy  is schemat i ca l ly  shown i n  F i  u r e  1. The main p a r t  

- .  . -  o f  the  appa ra tus  c o n s i s t s  of t h e  Hassler  3- s e e v e c o r e  holder ,  
which is mounted i n  a high temperature o i l  bath. The c o r e  i t s e l f  
-is t i e d  t o  two metal  ends o f  a c o r e  holder ( f o r  a more d e t a i l e d  
d e s c r i p t i o n  o f  t h e  c o r e  holder  see re fe rence  (251).  The 

- overburden p res su re  t o  t h e  c o r e  is suppl ied  by water which i t s e l f  
is pressur ized  by n i t r o g e n  g a s  from a n l t rogen  tank (251. 
f l o c c u l a n t  s o l u t i o n s  a r e  s t o r e d  i n  a f l -occulan t  tank. The 
f l o c c u l a n t  s o l u t i o n  is pushed i n t o  the  c o r e  p lugs  by displacement  
using kerosene which i t s e l f  is disp laced  by n i t rogen  g a s  from a 
g a s  tank. '  A back p r e s s u r e  (450 p s i )  i n  excess o f  t h e  equi l ibr ium 
water vapor p r e s s u r e  corresponding t o  t h e  temperature  used (225' 
C) was appl ied .  The i n l e t  and o u t l e t  p r e s s u r e s - o f  t h e  c o r e  are 

t h e  i n l e t  c o r e  p re s su re  was monitored by a pressure t ransducer .  

- 

The 

- monitored by a d i f f e r e n t i a l  p re s su re  t ransducer .  I n  a d d i t i o n ,  

7.3 PROCEDURE 4 

The major experimental  procedures i n  t p r e s e n t  work a r e  
desc r ibed  i n  t h i s  s e c t i o n .  

7.3.1 CORE PREPARATION AND PERMEABILITY - -  - w 
MEASUREMENT - -  

Core p lugs  a r e  c u t  t o  1.0 i n c h  diameter  and 1.5 inches  13ng from 
Berea sands tone  blocks.  The c o r e  p lugs  a r e  f i r e d  a t  450 C f o r  4 

- hours  t o  d e s y n t h e s i z e - t h e  c l a y s ,  A few i n i t i a l  flow tes ts  wi th  
de ionized  water wi thout  t he  f i r i n g  o f  t h e  c l a y s  showed 
s u b s t a n t i a l  v a r i a t i o n s  i n  pe rmeab i l i t y  wi th  passage of deionized  
water through t h e  unf i red  cores .  Af t e r  measuring t h e  posos i ty ,  
of t h e  fired cores, a d r y  core is t'ied up t o  t h e  two metal  ends 
of  a core holder  (251. T h i s  is accomplished, f i r s t ,  wi th  
t e f l o n  tape  8 and then wi th  a t e f l o n  s h r i n k  t a e - s i e e v e .  
annulus  o f  t h e  c o r e  holder  is f i l l e d  wi th  water and p res su r i zed  
to  about  1000 ps i  t o  s imula t e  t h e  overburden pressure .  The c o r e  
is evacuated f o r  1.0 hour (from t h e  o u t l e t  end o f  t h e  core 
holder)  and then s a t u r a t e d  wi th  deaera ted  (under a p r e s s u r e  o f  
435 p s i )  and de ionized  water. Once t h e  -core is s a t u r a t e d ,  t h e  
base  pe rmeab i l i t y  o f  t h e  c o r e  is measured a t  room temperature.  
Af t e r  t h e  h igh  temperature  flow o f  b r i n e  conta in ing  t h e  
f l o c c u l a n t  through t h e  c o r e  t h e  o i l  b a t h  is cooled t o  room 
temperature a , t h e  permeabi y measurements are  repeated.  

0 

4u 

7.3.2 PREPARATION OF FLOCCULANT SOLUTIONS - 
Y Both t h e  f l o c c u l a n t  s o l u t i o n s  a r e  prepared by mixing 5 m l  of each  

of t h e  f l o c c u l a n t s  (TFL-398 and TFL-362) i n  d e i o n i z e d  water t o  
make 1000 m l  of t h e  m i x t u r e  and mixed a t  low speed i n  a 

W '  
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l a b o r a t o r y  blender .  The f l o c c u l a n t  s o l u t i o n  is poured i n t o  t h e  
f l o c c u l a n t  s o l u t i o n  t a n k  (see Figure  1). - 

J 
7 . 3.3 FLOCCULANT FLOW EXPERIMENTS - 

I n i t i a l l y ,  t h e  flow experiments  are  conducted by cont inuous ly  
pumping ( a t  a f low r a t e  of 0.3 ml/min) - the f l o c c u l a n t  s o l u t i o n s  
through t h e  c o r e  ( a t  225OC) and monitoring t h e  i n l e t  p ressure .  

s lowly  as  more and more o f  t h e  s o l u t i o n  passes  through t h e  core. 
T h i s  is a t t r ibu ted  to, t h e  d i s s o l u t i o n  of s i l i c a  from t h e  core 
m a t e r i a l  i n  t h e  de ionized  water a t  2 2 9 C .  T h i s  type of procedure 
i n t e r f e r e d  w i t h  t he  main o b j e c t i v e  of t h e  experiment,  namely, t he  
s t u d y  of  t h e  c o r e  damage caused by f l o c c u l a n t  a d d i t i o n  to  t h e  
b r i n e .  Therefore ,  t h i s  procedure was 
a1 t e r n a t e  procedure wa 

The a l t e r n a t e  procedur 
f l o c c u l a n t  and measuring t h e  pe rmeab i l i t y  o f  t h e  c o r e  a t  room 
temperature.  The d e t a i l s  of t h i s  procedure are  g iven  below. 
Af te r  t h e  base pe rmeab i l i t y  o f  t h e  c o r e s  is measured, t h e  back 
p r e s s u r e  r e g u l a t o r  va lve  is set  a t  440 p s i  and t h e  o i l  b a t h  is 
heated t o  2250C. 
(TFL-398) a r e  i n j e c t e d  i n t o  t h e  core. T h i s  assures t h a t  t h e  
i n i t i a l l y  water s a t u r a t e d  c o r e  is replaced by f l o c c u l a n t  . 

s o l u t i o n .  The f l o c c u l a n t  is allowed t o  degrade o r  t o  adsorb f o r  

f l o c c u l a n t  (TFL-398) - a r e  i n j e c t e d  i n t o  t h e  c o r e  and allowed t o  
degrade  for 90 minutes. T h i s  p rocess  is repeated f o r  3 more 
times. The o i l  b a t h  is allowed t o  cool to  room temperature.  The 
pe rmeab i l i t y  of  t h e  c o r e  is measured usi.ng deionized water tank. 

The complete f l o c c u l a n t  deg rada t ion  and adso rp t ion  experiments  
are  repeated w i t h  a second f l o c c u l a n t ,  TFL-362, 
procedure s i m i l a r  to  t h e  on described above. 

A t  t h e  end of t h e  tests,  t h  
0 taken o u t  o f  t h e  c o r e  holder and dr ied .  After examining 'the 

i n l e t  s u r f a c e  of t h e  c o r e s  wi th  o p t i c a l  microscope to  detect  
evidence of any damaging m a t e r i a l ,  t h e  c o r e s  were broken 
t r a n s v e r s l e y .  The broken surface was examined using o p t i c a l  
microscope and scanning e l e c t r o n  microscope (SEM) to  de tec t  
ev idence  o f  damaging m a t e r i a l .  Damaging s o l i d s  could no t  be 

rz These tests showed t h a t  t h e  core pe rmeab i l i t y  is decreas ing  

- 

Three (3 )  pore volumes o f  t h e  f l o c c u l a n t  

W 90  minutes. Then an a d d i t i o n a l  three pore volumes of t h e  

- A t  t h e  end of t h e  t e s t ,  t h e  c o r e  is back f l u s h e d  by i n j e c t i n g  
r3 deionized  water and the  pe rmeab i l i t y  measurements are  repea ted .  

Le two experiments  are  

c1 detected by e i the r  observa t ion .  

8.0 RESULTS 
.- 

The r e su l t s  o f  t h e  xperiments  on f l o c c u l a n t  deg rada t ion  a re  
shown i n  Tables  2 through 8.  Tables  2 and 5 show t h e  i n i t i a l  

Tables  3 and 6 show t h e  pe rmeab i l i t y  measurements o f  t h e  c o r e s  
a f t e r  t h e  deg rada t ion  of t h e  f l o c c u l a n t s  TFL-398 and TFL-362, 

(3. permeab i l i t y  meazurements on c o r e  N0.T and 2, r e s p e c t i v e l y .  
- - -  

- 

w 
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r e spec t ive ly .  Tables  4 and 7 show t h e  permeabi l i ty  measurements 
a f t e r  back f lu sh ing  the  damaged cores .  The resul ts  o f  a l l  t h e  
t a b l e s  are  summarized i n  Table  8. 

From Table E, it is e v i d e n t  t h a t  c o r e  No.1 has a n  i n i t i a l  room 
temperature  pe rmeab i l i t y  of  89.6 md. Af te r  i n j e c t i n g  t h e  
f l o c c u l a n t  s o l u t i o n  (TFL-398) i n t o  the  .core ,  its room temperature  
pe rmeab i l i t y  decreased t o  16.3 md, a dec rease  of about  82%. Back 
f l u s h i n g  the  c o r e  wi th  de ionized  water increased t h e  pe rmeab i l i t y  
somewhat, b u t  t h e  o r i g i n a l  pe rmeab i l i t y  could no t  be recovered. 
The f i n a l  pe rmeab i l i t y  of  t c o r e  is still on ly  40% of t h e  

- - -  
- 3 

-or i g  i n a l  permea 

room temperature pe rmeab i l i t y  of c o r e  No.2 is 76.2 md. 
A f t e r  i n j e c t i n g  t h e  f l o c c u l a n t  s o l u t i o n ,  TFL-362, its 
pe rmeab i l i t y  decreased t o  a va lue  of 1.0 md, -Th i s  is a 
s u b s t a n t i a l  dec rease  (a  dec rease  o f  99%) .  Back f lu sh ing  t h e  c o r e  
increased  the  damaged pe rmeab i l i t y  on ly  s l i g h t l y .  The f i n a l  
pe rmeab i l i t y  of c o r e  No.2 is still on ly  7% of  t h e  o r i g i n a l  
permeabi l i ty .  

Thus ,  t h e  resul r a t o r y  expe 

1. The high temperature  i n j e c t i o n  o 

2. TFL-362 f l o c c u l a n t  caused more damage than TFL-398 

demonstrated t h e  following: .. - - 

.. 
s o l u t i o n s  can cause damage t o  parous media. 

f loccul  
_.  _. _ -  -. . 

- - .  3. The dam ion  products  a re  n o t  
Y comple te ly  e l imina ted  by back 'f lushing. 
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SUMMARY OF THE MATERIALS USED IN STUDYING -- -- 
DAMAGE TO POROUS MEDIA BY FLOCCULANT DEGRADATION - - 







TABLE 4 - - - - - - - J 
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ROOM TEMPERATURE PERMEABILITY 
AFTER BACK FLUSHING THE DAMAGED CORE . 

(CORE NO. 1) 

- 
0089 - 32.6 
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FLOCCULANT CORE NO. 

PERMABILITY (MD) ...................................... 
I N I T I A L  AFTER AFTER 

- FLOCCULANT, BACK FLUSH 
... - - -  

FLOW AT 225 C 
- -  - .  - __  
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