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The objective o f  t h i s  contract i s  t o  f i e l d  t e s t  the potent ia l  
o f  chemical blocking foams t o  i ncrease the e f f i c iency  o f  steam dr ive  
operations, pa r t i cu la r l y  i n  shallow, heavy o i  1 reservoirs. The con- 
t r a c t  w i l l  be conducted i n  four  .phases: 

Phase 1 : Preparation, Laboratory Work, and Pre-testi  ng 
During t h i s  phase 1 aboratory work on foam development and two 
p i l o t  tes t  w i l l  be conducted. 

Phase 2: F ie ld  Test 

This phase consists of two f i e l d  tests  o f  various a l ternat ives 
o f  the foam blocking process. 

Phase 3: Ver i f icat ion F ie ld  Test 

The t h i r d  phase consi.sts of a ve r i f i ca t i on  f i e l d  t e s t  incorporating 
the experience gained during the f i r s t  two phases. 
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SUMMARY OF TECHNICAL PROGRESS 

The i n i t i a l  work under the contract has consisted of laboratory 

work to  t e s t  foaming materials. The state-of-the a r t  was surveyed 

through a review of current work and through meetings held with 

university and industry laboratories. Discussed was equipment, - 
data,  and agents i n  the generation and evaluation of foams. 

Testing during the f i r s t  quarter was conducted a t  room temperature 

and atmospheric pressure to  screen the foaming agent. These t e s t s  

were conducted in d i s t i l l e d  water, sal ine water, and water with 

crude o i l  added, as described in detai l  i n  the appendix. The preliminary 

r e su l t s ,  a lso included in the appendix, indicate that  several chemicals 

appear promi sing. 

Two d i s t inc t  types of steam drive operations Rave been selected 

for  the f i r s t  two p i lo t  t e s t s .  

The f i r s t  steam drive operation i s  representative of a mature 

drive near the end ofi.itseconomic l i f e .  I n  these operations the 

reservoi,r has been extremely depleted. Early break_through of the 

steam did not occur, b u t  a t  the current stage theoil-steam ra t io  

isapproaching the technical l imit .  

The second steam drive operation i s  representative of highly 

heterogeneous and thick reservoirs t h a t  a re  d i f f i c u l t  t o  produce 

conventionally. Channeling occurs v i r tua l ly  from the inception 

of the steam drive and steam break'-through i s  exacerbated by 

thick o i l  sand intervals .  . 
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Phase 4: Data C o l l e c t i o n  and Ana l ys i s  

Data c o l l e c t i o n ,  e v a l u a t i o n  of t he  p a t t e r n  geology and p a s t  

p roduc t i on  and t h e  a n a l y s i s  of t he  r e s u l t s  w i l l  be performed 
* 

on an on-going bas is .  
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APPENDIX 

SURFACTANT SCREENING BY A STATIC FOAM TEST 

OBJECTIVE 

A r a p i  d and reproduci  b l  e  t e s t  was u t i  1  i zed t o  s e l  e c t  s u r f a c t a n t s  

wigh good foaming p o t e n t i a l ,  and screen o u t  those w i t h  poor foaming 

ab i  1 i t y .  The method used fo r :  s t a t i c  foam t e s t i n g  was pat te rned 

a f t e r  t he  Chevron High Speed S t i r r e r  Test (CHSST) which i s  a convenient 

procedure f o r  eva lua t i ng  t h e  foaming a c t i o n  o f  su r fac tan ts  a t  ambient 

temperature. Maximum foam volume a t t a i n e d  and foam " h a l f - L i f e "  

were the  eva lua t i on  paramenters used; " h a l f - l i f e "  be ing  t h e  t ime 

necessary f o r  h a l f  t he  i n i t i a l  l i q u i d  t o  d r a i n  from t h e  foam. 

METHODS 

The su r fac tan ts  submitted f o r  tes t in 'g  were made up i n  0.5. and 

1.0 volume percent  s o l u t i o n s  us ing  a 3 cc syr inge i n  d i s t i  1  l e d  .water. 

Since some o f  the  su r fac tan ts  were s o l i d s  a t  room temperature, these 

were s o l u b i l i z e d  i n  d i s t i l l e d  water on a weight  percent  bas is .  Some 

o f  thzse su r fac tan ts  requ i red  several  hours t o  d isso lve .  . , 

A Hamil t on  Beach S c o v i l l  Blender was used t o  c rea te  t h e  foam. 

The b lender  was connected t o  a Variac .,. so t h a t  t he  b lend ing  speed 

cou ld  be va r ied  cont inous ly .  One hundred m i l l i l i t e r s  o f  s u r f a c t a n t  

s o l u t i o n  were added t o  a one l i t e r  G r i f f i n  Type Beaker and a g i t a t e d  

a t  75°F by the  Var iac-Cont ro l led  Blender u n t i l  a  maximum foam volume 

was a t ta ined .  Usual l y  , t h i s  requ i  red  twenty t o  t h i r t y .  seconds. 

The b lender  was then immediately shut  o f f ,  a  s top  watch s ta r ted ,  

C.LD Group, Inc. 



Appendix 
Su r fac tan t  screening by a S t a t i c  Foam Test 
Page 2 '  

and the maximum foam volume recorded. As the  foam began t o  break 

down and dra in ,  t he  " h a l f - l i f e "  was measured us ing  the  s top  watch. 

When f i f t y  m i l l i l i t e r s  had dra ined the  t ime was recorded, and then 

t h e  s o l u t i o n  was immediately refoamed 'and the  ' refoamed volume and 

" h a l f - l i f e "  again measured and recorded i n  Table 1. 

These steps were repeated f o l l o w i n g  the  a d d i t i o n  o f  twen ty -  . 
, 

U 

f i v e  m i l  1  ili t e r s  o f  a one percent  (w/v) s o l u t i o n  o f  sodium c h l o r i d e ,  

Table 11. These same procedures were again repeated a f t e r  adding 

an a d d i t i o n a l  twenty f i v e  m i l l i l i t e r s  o f  crude o i l .  For the  i n i t i a l  

t e s t i n g ,  twenty n ine  g r a v i t y  crude o i  1  from t h e  Ventura F i e l d  was 

used. 

The r e l a t i v e l y  poor performance o f  several su r fac tan ts  under 

what should have been i d e a l  foaming cond i t i ons  caused these su r fac tan ts  

t o  be e l im ina ted  from f u r t h e r  considerat ion.  

Thus e i g h t  o f  the  four teen su r fac tan ts  o r i g i n a l l y  submit ted 

were se lec ted  from the  r e s u l t s  i n  Table I f o r  f u r t h e r  screening 

t e s t s .  These secondary eva lua t ions  were run  i n  the  same manner 

as the  i n i t a l  t e s t s  w i t h  the  f o l l o w i n g  changes: 

(1)  2% (w/v) potassium c h l o r i d e  (KCL) was s u b s t i t u t e d  

f o r  d i s t i l  l e d '  water as the  pr imary medium. 

-(2) The e f f e c t s  o f  ca lc ium were i nves t i ga ted .  

( 3 )  .The 29" A P I  crude o i l  was dropped i n  f a v o r  o f  an o i l -  

in -water  suspension obta ined from the  Fel lows F i e l d  i n  . 

Cal l f o r n i a  
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CONCLUSIONS: CHSST TESTING 

-(A) I n i  t i a l  Screening Tests 

( 1 )  Nine o f  the  fou r teen  sur factants tes ted  foamed s a t i s f a c t -  

o r i l y  i n  2% (w/v) potassium ch lo r i de .  

(2 )  I n t r o d u c t i o n  o f  1% NaCl d i d  n o t  adversely  a f f e c t  foam volume 

i n  e i g h t  o f  t he  n ine  s a t i s f a c t o r y  foaming agents.' 

( 3 )  I n t r o d u c t i o n  o f  crude o i l  i n  t he  presence o f  NaCl d i d  ad- 

v e r s e l y . a f f e c t  foam 'volume i n  each case and a1 so " h a l f -  
- 

l.ife" i n  a l l  b u t  two cases. 

Thus e i g h t , o f  the  four teen s u r f a c t a n t s . o r i g i n a l l y  submitted were 

se lec ted  from the  r e s u l t s  i n  Table I f o r  f u r t h e r . s c r e e n i n g  t e s t s .  

(B)  . Secondary Screening Tests 

(1 ) 2% (w.v) potassium c h l o r i d e  (KC1) was s u b s t i t u t e d  f o r  d is- ,  

t i l l e d  water as the  pr imary medium. 

( 2 )  .The e f f e c t s  o f  ca lc ium were i nves t i ga ted .  

( 3 )  The 29" A P I  crude o i l  was dropped i n  favo r  on an o i l - i n -  

water suspension obta ined from the  Fel lows F i e l d  i n  C a l i f o r n i a .  

The conclusions o f  these t e s t s  are: 

(1 ) Seven o f  the e i g h t  su r fac tan ts  tes ted  foamed s a t i  s f a c t o r i  l y  

i n  2% (w/v) potassium ch lo r i de .  

(2.) A1 though the  a d d i t i o n  o f  400 ppm calc ium had o n l y  a  smal l  

e f f e c t  o f  foam volume, i n  t h ree  cases the  " h a l f - l i f e "  was 
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very  much a f fec ted .  
* 

( 3 )  Three of t he  e i g h t  su r fac tan ts  here  severe ly  a f f e c t e d  by 

the  a d d i t i o n  o f  t h e  Fel lows F i e l d  produced water.  
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Conccnt r~  t ion I n i t i a l  

Conlpdt~y Dc..rt'i f r l  i on  ? t oar11 ta l f -  Fo,~:II !!,I I f - E t-ii 01' 1: i:.tCI 2 5  1111 o f  29" ~ r u d c  4 1 1  1 cfi +' 

vol trt. 1 i f c vn 1 WIIP I 1 I c. I >AII vo I III,S I!,) 1 f 1 I f~ ro,~rr~ v o  I i ~ ~ n r )  I L I ~ I  1  if 
( ~ s l )  {$,IS,-) I I:d.r) r , . ! ~  \ C. , . (nl \ l sec - 

1 5 0  275 1 'i 
D r e s s e r /  !4agco Foamoi 0 . 5 ( v / v )  ( 1  2110 6 5 0  200 101)  

Mar)cobar  77 
1 1 / 1 5 / i 9  

lr,\;3 3:!3 t ,100 1 c* 7 (1 13 0 
I;rnlclk I \ { t l ) \ ~ i i U  T - 5 0  0 .  S i r '  ! 1 1 ~ t 1 1 1  

l l , ' l 5 / 7 Y  1 :)011 l i t  5 1 7 5  IJ 
1 l : l t r  310  11.)0. 3t)rl ~ t t - i ~ ~ ~ r t l ~ ~ l  ti111ow,1mmor1i111n 

r t ~ l ~ r t . i ~ t c )  I . ( J {  I I * :  1 

5 u n t t . c l l  ~ u l  foi lateR11;1 0.5(wlv 1 7513 1 0 300 5 5  
G r o u p  #71if?547 

S n l v c n t  L u b e  F n t r d c t  
661°F  t t 1  904°F la 71,Qlttlll 
S - ~ m p l e  Code X 

S u n t e c h  St11 f o n a  t e  Run ~ . 5 ( : : / ~ : )  
C r o u p  $ 7 6 8 5 5 1  

S n l v c n l  Lube E x t ~ a c t  
tjfjl°F t o  8 0 4 ° F  @ / G l ]  I@IIII 

Sdmple Codc X I  

S u i t t e c h  S u l  f o n a  t e  Ruil 0 . 5 ( w ) v )  451) 120 1 2 5  1?0  
G r o u p  # 7 6 8 5 5 3  1 . o ( w / v )  375 

S o S v e n t  Lube  E x t r a c t  - 
95 375 120 

8311"' t o  t358''I: I3 7ci0 111111 

Sdii11~ 1 e Code I 1 



TABLE I .  TOAMINCI &GENTS I N  DISTILLED WATER. 

roan~itrrl rrcjetlt Cuncentra ti011 l n i  t i a l  foaming Second foaming Adtlcd contam7t~at~ts . 
25 ml op 290 crude o i  1 

Con~pany Dc%cril t ion 'b f oain I lal  f-  roan) Hal f - 25 nil o f  1 %  NaCl 
volcn~lc llfc volutrxl l i f e  ronim volume H a l f  l i f e  Foast vol utne t la l f  l i f e  

(n11 ) (SCC) ( a ~ l )  (sec) (a1 ) (sec 1 ( m l )  (sec ) 

Lakewar 301 -10 
Lot 13P.33 0.5 (w/v) 100~ .I00 1100 360 

Lakeway 301- 10F 
LotK3135  0 . 5 Q / v !  850 310 875 320 

(Sodium Alpha Olefin Sul fonate) 





TAGLE 11. FOAMING AGENTS I N  2 %  POTASSIUM CHLORIDE SOLUTION 

FOA,VING AGENT 

Co~tipany D e s c r i p t i o n  

AOOEO CONTAMINANTS 
25 n ~ l  , o f  25 m l  p r o d u c e d  w a t e r *  
h a r d w a t e r  . c o n t a i n i n g  a p p r o x .  1% 

I N I T I A L  FOAMING SECOND FOAMING ( 4 0 0  ppm Ca) c r u d e  o i l  i n  s u s p e n s i o ~ ~  

C o n c e n t r a t i o n  F o a m V o l .  H a l f  L i f e  F o a m V o l .  t l a l f  L i f e  F o a n i V o l .  t l a l f  L i f e  FoC~rn V o l .  H a l f  L i f e  
( X I  (1111 ) (set) ( m l )  (see) 

T e x t i l a n a  O e r i p h a t  U C  0 . 5  ( v / v )  850 155 8 5 0  245 1000 . I40  . 525 4 0  
1 . 0  ( v / v )  950 190 11 00 2  7  0  1075 160 025 140 

Lakeway 301 - 1 0  
L o t  # 3 8 3 8  

L a  kewap 301-1OF 0 . 5  ( v / v )  1100 2 30 11001. 315 11001. 280  1050 200 
L o t  # 3 1 3 5  

l s o d i u ~ n  a l p h a  o l e f i n  s u l f o n a t e )  1 . 0  ( v / v )  1200  2  6  3 1200 365 1200 300 1200 2  40  

C i r e s s e r /  ~ a i ~ c o  F o a ~ n e r  77 0 . 5  ( v / r )  G O O  310 5 5  0  165 725 155 575 6 5 
Nagcobat- 1 1 / 1 5 / 7 9  . 1 . 0  ( v / v )  9 5 0  360 9 2 5  180 975 165 900 160 

P rma k ARQUARD 1 - 5 0  
L o t  1918003 

( t r i m e t h y l  t a 1  lowa~nmoniuni  1  . O  ( v / v )  9 7 5  165 925 165 1050 170 3 7 5  2  0 
c h l o r i d e )  

A.rmark ARQUAD T27W 0 . 5  ( . v / v )  400 110 400 115 450 5 5 225 1 5  
L o t  1808701 1  . O  ( v / v )  400 105 4 0 0  110  500 105 275 10  

* N , o t e i :  P r o d u c e d  w a t e r  w a s  o b t a i n e d  f r o m  S a n t a  Fc E n e r g y  Co. . F e l l o w s ,  C a l i f o r n i a ,  W e l l  d 6 C - 2 2  
4 



FOAMING AGENT 

T.~I.(TIE 1 I. FOAM IN(; AGEN'L'S I N  2% PO'I'ASSI 1IM CIII,OI~IDE SOI,Ul'loN 
ADDED CONTAMINANTS 

2 5  m l  o f  25 m l  p r o d u c e d  w a t e r C  
h a r ~  w a t e r  . c o n t a i n i n g  a p p r o x .  1 %  

c r u d e  o i l  i n  s u s p e n s i o l r  
I N L T I A L  FOAMING SECOND FOAMING ( 4 0 0  ppm C a )  

C o m p a n y  D e s c r l p t t o n  C o n c e n t r a t t o m  F o a m V a l .  H a l f  L t f e .  Foam Val. H a l f  L i f e  F o a m V o l .  H a l f  L i f e  F o a m V o l .  H a l f  L i f e  
( 9 6  ( m l )  ( s e c l  ( m l )  (set) 

p- 

Stepa~, 110 Soft D-110 0.5 ( v i v )  1100 80 575 .L 30 525 120 
Cllcai crrl Co. Col~t ro.1. # 79933 

8/27:79 I..O (v!v) 725 1.90 025 LOO 725 1.75 

Sl.epa11 1310 'I'erge AS-IIO 0 .5  (v!v; 650 2 30 850 255 1.000 245 
Cl~yrni<:al Co. Cor1tr.01. # 79379 

1.0 /22/79 1.0 ( v / v ~  loso , 270 1100+ ' 285 1.200+ 2'fo 

* 
Nnc.es: 1'toilu;:ed water  wn:; nbtn.i.lled fro111 Santn I:e Erlcrgy Co. Pell.ows. Ca l i fo rn ia ,  We7 1 ~60-22  




