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nynamic laboratory testing of foamed aci? on limestone cores 
has established the effectiveness of foamed acid as a stimulation 
fluid. The effects of foam qua'bi.ty, foam stability, and chemical. 
compatibility on fluid loss and fracture fT.ow capacity were 
investigated.Recommendations are presented for deriving maximum 
benefits from a foamed acid treatment. Field results are presented 
that show the effectiveness of foamed acid +.n the stimulation of 
both oi3. and gas wells. 

The use of foam in fracturins trestments has cained wirlesproad 
acceptance in the past few years. The 1 ow liquid content, good 
fluid Toss control, and quick cl.eanun are just a few reasons whv 
foams are being used.' 4 The fluid loss properties of foam as a 
fracturin,? flui. and the flow of foam through porous medis have heen 
investigated by several. authors." l8 The use of foamed acid i.n 
fracture acidizinp, has heen reporteil to qive the same benefits as 

foam in hydraul.ic fracturing treatments.lg 23 "his is the first 
work where fluid l.oas of foamed acid has been dtrectlv measured and 
the effect of foamed acid on fracture conductivity has been studied. 
This paner presents laboratory data describinc the effects of foam 
quality, foam stahllity, chemical compatibility, formation permeabil- 
ity, and pressure differential on fluid loss and fractiu-e flow 
capacity with foamed acid on limestone. 

Fluid T,oss Tests 

The svstem used to study foamed acid fluid loss is ?ll.ustrsted 
in Fig. L.- The liquid and gas portions of the Foam were maintained 
constant by separate control mechanisms. 4 JWn ml volume Ampcoloy 
floating piston cell was used to hold the acid solution and the 
driving; fluid for this cell. was supplied by a positS.ve displacement 
Jaeco pump. Flow rates were mechanically set on the pump and tested 
to be 3.0 ml/min at 1500 asi. The flow rate of nitrogen at 1.5fiQ psi 
was measured with an integral orifice meter equinped with a digital. 
readout supplied by Fisher norter with a "To. 3 orifice. "he meter 
was calibrated for various nitrogen flow rates at 15Qn psi through 

*Reprinted based on SPY Preprint o?s5 with the permission of the 
Society of Petroleum Engineers (Copyright r>wner). 
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the use of a %A/%-ecision Scientific wet test meter. The pressure 
of the system and nitrogen flow rates were adjusted manually hy the 
use of a hackpressure regulator for coarse settinEs and a needle 
valve for fine settino,s. Qnce pressure and flow rate were stabilized 
at the start of the test, very little adjustment was needed to main- 
taj_n the proper pressure and flow rate. 

The foam generator consists of a 1QQ ml volume Ampco?oy cell and 
impeller driven at a speer-l of ??W RPM’s. This type o f foam generator 
was chosen over the wire screen in a pipe type due to the reactive 
nature of the test solution. Vith time , the acid would tend to react 
with and erode away the screen, thus limiti.ng the chances of repro- 
ducing a foam with the same texture 
from test to test. 

!hubble size) and consistency 

roamed acid was generated and allowed to pass through two visua3 
flow cells and out to the waste trap through a high pressure, back- 
pressure reguJ.ator. The visual flow ceI1.s were used to check the 
condition of the foamed acid before the fluid loss test hep,ins with 
uniform smaJ.1 bubbles and no gas pockets conditional to a stable 
foam. Once this condition was reached, a nortion of the foamed acid 
was a! lowed to flow into the fluid loss tel.! while contj.nuing to flow 
foamed acid through the system to the waste trap. The fluid loss 
cell was a standard Vassler _ SJeeve apparatus used in dynamic fluid 
loss tests with an associated heating .jacket for testing at elevated 
temperatures. nischarge from the flu?? Joss cell was through another 
visual flow cell. that contained a Jn ml graduated cylinder to measure 
anv liquid leakoff through the core. Any leakoff of nitroqen through 
the core went through a high pressure, backpressure regulator and into 
a wet test meter. This high nressure, backpressure regulator was 
used to maintain the desired pressure differential across the core. 

All. fluid loss tests were conducted with an lIpstream pressure of 
15qn psi. Redford Indiana limestone cores (six inches long and 1.75 
inches in diameter) were placed in the Uassler SJeeve and heated to 
1lO'F'. The system uressure was raised to 15flfl psi and a permeability 
of the core to nitrocr,en was measured at JJOOF. Once a stable acid 
foam was generated, it was allowed to flow across the inlet face of 
the core. The rrassler Sleeve was mounted horizontally so that flow 
was from the bottom side to the top of the inlet core face. This was 
done to insure that uniform quaJit+ and texture foam was always in 
contact with the core. 
a function of time. 

Gas loss and Ji.quid 3.0s~ was then recorded as 

Fracture Flow Capacity "ests 

The system used to study foamed acid fracture flow capacity was 
a modification of the system llsed to study foamed acid fluid Joss. 
The fluid loss cel.1, the visual flow cell containing the lo ml 
graduated cylinder, the backpressure regulator, and the wet test 
meter were replacerl wi-th a fracture flow capaci-ty cel.1. The fracture 
flow capacity apparatus consisted of a Amncoloy cell which uses two 
three inch diameter Redford Tndiana limestone cores. These cores 
were mounted in the cell with a fracture width between them of r).fI5 
inches. The test solution was then allowed to enter the cell through 
a hole in the center of the lower core and flow radtally across the 
faces of these cores for a specified period of time. An overburden 
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or closure pressure was then hydraulically apTlied to the cores to 
simulate the closing o-f a fracture after a stlmulation treatment. 
The amount of rock crushed and removed was then measured. Serosene 

was then used to displace test solution and was also flowed radially 
across the faces of the cores to measure a fracture fJ.ow canacity. 

The closure pressure was then released and the cores equally spaced 
n.nT, inches apart. This procedure was repeated three more times for 
each test solution to determine fracture flow capacity versus etching 
time. An upstream pressure o... f 15V-l psi was used in the fracture flow 

capacity tests and cores were heated to Iln'F. 

Fluid Loss Tests 

Table 1 shows the effect of foam quality and two different 
foaming agents on fluid loss control. Conventional 157 UC1 channeled 
through a six inch core in less than one minute and exhibi.ts little 
or no fluid loss control. Fig. ? shows the face of this core and 
several laro,e wormholes indicating where acid hreakthrouQh occurred. 
Fig. 3 shows the face of the core across which the or) quality foamed 
acid, 1.5'7 YCJ + I? Foamer A, was flowed for 3C; minutes. There was 
no fluid loss for ?h minutes and the large number of small holes on 
the face of the core indicates on quality foamed acid o,ave Qood 
fluid loss control. These same results were noted for Qr) quality 
foamed acid. When the qualitv of this foamed acid was lowered from 
Qr) to 70, breakthrough occurred after 3.Q minutes. At breakthrough 
foam came through the core rather than separate gas and liquid Dhases. 
The bubble size in this foam was much larger than when the foam was 
initially Qenerated. The Gn quality foamed acid broke through the 
core in 7 minutes. These tests were repeated substituting 17 Foamer 
R for 17. Foamer A and results indicated no acid or foam fJ.uid loss 
occurred for 36 minutes when any of these four quality foamed acids 
were tested. Yowever, nitrogen loss did occur when the 7fJ and 59 
quality foamed acids were tested. These results show the effect of 
chemical compatibility in a foamed acSd system. Foamer A made a 
stable foamed acid with 157 UC1 but when this foamed acid came in 
contact with a large amount of spent acid, such as when a 70 or Gr) 
quality foamed acid was run, the foam apparently collapserl and subse- 
quently broke through the core. Foamer R appeared to be more 
compatible with spent acid than Foamer A so no foam breakthrough 
occurred. Tt is important that all chemicals used in a foamed acid 
system be checked for compatibility in spent acid as well as in the 
live acid. 

The effects of foam qualit 
K 

and acid concentration on foamed 
acid fluid loss are shown in Ta le 7. mo acid fluid loss occurred 
for any of the four qualities of foamed 75'. YCJ. RJitroQen loss did 
occur with the ?n and F;o quality foamed 1Slr 9Cl. This same trend was 
shown when acid concentrations were increased from 15 to ?Q percent 
YCl. 

Kffect of acid tvpe, formati.on nermeahility, and nressure 
differential are illustrated in Table 3. The two types of acid 
studied, ?Q"l, YC1 and a mixture of mineral and organbc acid, foamed 
equally well and gave virtually the same fluid loss control. Vhen 

126 SOUTHWES'I'EKN l'ETKOI,EUM SHOK'I COUKSb: 



foam hreakthroueh occurred, bubble size of the foams were ahout eaual 
to the bubble size just after generation. Tl~on examination of the .Qg 
quality foamed 29"! !lCl system, it was noti_csd that the n.J5 md 
permeability core maintained fluid loss control for ?5 minutes before 
foamed acid‘breakthrouKh. The more nermeahle o.41 and n.53 md cores 
experienced foamed acid breakthrouqh in two minutes. An increase in 
differentia3 pressure from 1.Qc) nsi to 5c)n nsi changed the fluid loss 

control of the foamed acid considerably. Comparison of the foamed 
?QY 4CJ results from Table ? with the results given in Table ? clearly 
illustrates the difference. 

A similar trend was noted for conventional acids containin? 
solid fluid loss material as shown in Table 4. With increasing 
pressure differential, it 5s more difficult to maintain 
fluid loss control. One way to help minimize the effects of the 
increased pressure differential is to stabilize the foamed acid. 
This can be accomplished by increasing the viscosity of the acid 
before it is foamed. Table 5 denotes the large increase in f1ui.d 
loss control derived from this procedure. The 90 and QO quality 
foamed aciils show only nFtroEen fJui.d loss but no acid fluid loss for 
35 minutes where previously they broke through the core in 2 to 3 
m?'_nutes. The 7o and Go quality foamed acids maintain fluid loss 
control for lo to I1 minutes. Increasing the acid viscosity to help 
stabilize a foamed acid and improve fluid loss control without the 
use of wall building additives is keeping with the idea of a true 
foamed acid. Fxtremely large pressure differentials and large 
formation permeabilities may! however, necessitate the need for the 
addition of conventional fluId loss additives to be incorporated into 
the foamed acid system. Fluid loss in high permeability formations 
can be reduced by using a pad fluid ahead of the foamed aciri.23 

Fracture Flow Capacity Tests 

These data have shown that foamed acid can give good fluid loss 
control. However a successfuJ fracture acidizing treatment does not 
depend only on p,ood fJu?d loss controJ. Adequate fracture fJow 
capaci.ty must be established by the acid system useil. The quantity 
of rock removed and the pattern in which it is removed from the 
fracture faces are important. Fracture flow capacity is dependent 
unon the nature of the rock and the volume, type and concentration 
of acid used. Tn order to eliminate some of the variables, Redford 
Tndiana limestone was selected as a homogeneous rock and was tested 
with one concentration of acid (257. HCl). Table 6 shows the results 
of equal velocities of treating solution as well as equal amounts of 
acid. Tests Yo. 1 and 3 were both conducted at a total flow rate of 
?nn ml/min. The foamed acid in Test No. 3 was only one-tenth the 
amount of 289, YCl as compared to the conventional acid in Test ~Jo. 1 
and created more fracture flow capacity. Comparison of Tests No. 3 
and ? which used equal amounts of ?QS. UC1 indicated the foamed acid 
created more fractllre flow canacity. Also, the foamed acid system 
removed more core than either of the two conventional acid systems 
tested. It was noted in Test Vo.3 that some fracture flow capacity 
was lost between the first and second time intervals. 
called overetching, 

This effect, 
is quite common in homop,eneous cores where 

rock is often removed evenly. 
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The effect of foamed acid quality on fracture flow capacity is 
shown in Table 7. Excellent fracture flow capacities were obtained 
when any of the four qualities of foamed acid were used. 4 large 
amount of core was also removed in each of the four cases. The 7Q 
and 60 quality foamed acids did not obtain the maximum fracture 
flow capacity that the 90 and 80 quality foamed acids obtained. T'ne 
effect of overetchinp was also more pronounced in the 7q and ~CJ 
quality foamed acids. 

Foam stability effects acid etched fracture flow capacity the 
same as it effects fluid loss control. The acid viscosity was 
increased and 74) and Go quality foamed acids generated and Table (3 
compares these results. The 7n and 60 quality foamed acids achieved 
maximum fracture flow capacity anal' no sip,n of overetchiny was detected. 
A smaller amount of rock was removed from the core faces hut the 
pattern of removal was more effective. 

Tables Q and lo show the results of acid etched fracture flow 
capacity studies with conventional and foamed 2Q"! T-TCl. The tests 
were similar to those reported in Table ci with the exception of a 
different foaming agent and just one heterogeneous core heinp, used. 
Vowever, the same conclusions were drawn. The foamed acid achieved 
better fracture flow capacity when compared to conventional acid at 
equal velocities of treating solution as well as equal amounts of 
acid. 

, 

i 
FI'ZLn R'?S!JLTS 

Foamed acid has been used to stimulate wells in the United States 
and Canada. 

Case History if1 

F,i,Qht oil wells were drilled in the Petit limestone formation in 
Arkansas at depths of 47fin to 4750 feet with an average porosity of 
157 and permeability of 10 md. Initial production averaged 39 MPn, 
however thirty days after completion the production had declined to 
10-15 ROPD. Four wells were given a conventional fracture acidizing 
treatment with a ln,WJfJ gallon mixture of mineral and organic acid. 
These wells were slow to clean up and required a swahhine unit to 
recover most of the treating fluids. Initial production after these 
treatments ranp,ed from 17-90 RnPn. Four weeks later, production had 
declined to the original lo-15 RnPn level. The other four wells 
were stimulated with a ho-45 quality foamed acid which utilized a 
4,OWJ-h,nnn gallon mixture of mineral and organic acids. The total 
volume of foamed acid was approximately 17,6)nr, to .?q,Wr) gallons. 
These wells exhibited rapid cleanup and were put on production over- 
night. It was noticed during flowhack that a large quantity of 
fines were heinp, returned after the foamed acid treatments. Initial 
production after treatment ranged from 47 to 77 3nPn. Qix months 
later these four wells were still producing 3o-50 Rr>?p. 

Case Yistory j/7 

A new gas well was completed at a depth of 6QQ4 ft in the Chester 
limestone formation in Yarper County, Oklahoma. An initial- acid 
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cleanup usins XV-W gallons of 3.57 HCl tested 7Ccf-l MCP/n at ?Sfl psi on 
a lC;/G4 choke. The formation was highly naturally fractured so a 
lo,Qon gallon gelled water pad was p&p&d ahead of the foamed acid. 
A 30,oQn gallon 75 quality foamed acid treatment consisting of a 
mixture of mineral. and or,eanic acid was performed. "reduction after 
treatment was 1.19 MMC:F/D at 5r)Q psi on a 2o/C;l+ choke. One week 
later, the well was nroducing 1.037 MMCF/r! at ?50 psi on a 14/C;/, 
choke. 

Case Z-listory jr? 

Two gas wells were completed in the Marble Falls limestone in 
Xorth Central Texas. Experience indicated the formation was highly 
naturally fractured and acid solubility was 5Q to hfl percent. Fluid 
recovery using conventional fracturing fluids, even with IV7 and 092, 
had been 60 percent or less. The first well was treated with a 75 
quality foam which utilized ln,nfWl gallons of 2OY YCl containing 1 
lb/gal 3klahoma 111 sand. Tnitial production had been a slight gas 
show, however, production after treatment was [+W NY/r) with no 
water. The second well was treated with a 75 quality foam using a 
5,onn gall.on mixture of mineral and organic acid containing 1 lb/gal 
Oklahoma !/I sand. Tnitial production had also been a slight gas show 
with production after treatment of 29o YCF/q with no water. Most of 
the treatment fluid was recovered on both of these wells. 

Case History j/4 

An 051 well was completed to a depth of ?gF;r) St in the Sal-em 
limestone formation in Clay County, Tllinois. An initial acid cleanup 
of 157 MCI. was used and the well was put on pump. Most wells com- 
pleted in the Salem limestone produce about ?Q ROPn after completion 
hut producti.on drops off very rapidly. This same trend occurs after 
a conventional fracture acidizing. After most treatments, a swabbing 
unJ.t i.s required to recover the load fluid before the well is put on 
pump. Production before treatment was 10 SqD9 and 24 !%Pr). A treat- 
ment consisting of 3,2QO gallons of sn quality foamed ?,Q? HCl was 
used to stimulate this well. Production following treatment was 135 
RoPn and 145 WJPn with most of the treating fluid recovered. 

Case Yistorv #5 

A gas well in Canada had been abandoned since 1960. In .Tanuary, 
lq79, the hole was re-entered and production casing set. A treatment 
consisting of m,nm gallons of 80 quality foamed 25Y YCl was used to 
stimulate this well. Production after the treatment was 3 MMCF/T). 

1. Fluid loss controJ. can he obtained in low permeability reservoirs 
using a foamed acid without conventional fluid loss additives. 

2. Fxcellent fracture flow capacity can be obtained using foamed 
acid. 
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3. Chemical compatibility of foaming, acents with spent acid as 
well as other chemicals in the system plays an important role 
in foam stability. 

4. Increasing the viscosity of the acid to be foamed will help 
increase the foam stahi-li.ty. 

5. An acid viscosifier should be employed when foam qualities 
below 75X are used. 

6. Roth oil and eras wells have responded successfully to foamed 
acid stimulation treatments. 

The author would like to thank ualliburton Services 
for the opportunity to present this paper. 
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TABLE l-EFFECT OF FOAM QUALITY AND FOAMING A(;ENTS UPON FLUID LOSS OF 
FOAMED ACID I’ = 100 psi 

1 roam 1 Rock Dermeahility to T\J7 ) Sreakthrouqh T ime I 

I 
Quality 1 At llfi'r (rnrl) I (Minutes) I 

I 
Test Solution: 159 YCl I 

1 I 
I n 

I 

f-l.85 
I 

<l I 

I I 

I 
Test Solution: 1.52 HCl + l"! Foamer A 

I I 
I 90 

I 
n.33 >?f; 

/ T”n 
0.77 >36 
n.84 18 

I 
6n 

I 

n.66 
I 

7 

Foam I 9 k Permeability to ! 3C, Minute rJ7 1 36 Minute Acid I 
nuality I I Fluid Loss (1) 1 Fluid T,oss (ml> 1 

Test Solution: 15"! UC1 + 17 Foamer R 
I I I 

9n 
I 

1.21 n 0 
9n Q.26 n f-l 

f-u-3 I n n I 
0.61 I n I n I 
n.98 n.n7 
1.14 n.F;o I 

r) 
cl 

0.69 Q.?? 0 
fin 1.53 I n.4k n 

I I 
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TABLE: Z-EFFECT OF FOAM QUALITY AND ACID CONCENTRATION UPON FLUID LOSS OF 
FOAMED ACID P = 100 psi 

Foam Rock Permeability to ( 36 Minute N? 36 Yrnute Acid 
Ouality N:, at 1lQ'F (md) 1 Fluid Loss (i) Fluid Loss (ml) 

Test Solution: 157 NC1 + 1Y Foamer R 
I 

9n l.?l 
sn O.?fi :: 

n 
n 

80 I r).h? n 0 
m-l n.61 n n 
7n n.QQ o.n7 0 
70 ( 1.14 f-l.6-J 0 
6n 1 n.hq f-l.?? n 
60 1 1.9-i n.46 n 

Test Solution: 70'7 YCl + 19 Foamer R 

an 
qn 
sn 
sn 
7n 
7n 
6n 
w 

n.65 n n 
r).YQ n n 
n.34 n n 
0.53 n n 
Q.57 0.144 r) 
n.57 n.23 n 
n.5n f-t.065 n 
0.48 n 

I 
n 

Test Solution: '297 HCl + 1'7 Foamer 9 

n.48 
f-I.41 
0.55 
r).hQ 
0.47 
0.m 
0.71 
n.m 

n 0 
0 n 
n 0 
f-l rl 
9.m n 
n.?5 n 
n. 3n 3 
n . ‘)7 0 

, 

I 

-1 
-I 

-1 
-I 

TABLE S-EFFECT OF ACID TYPE UPON FLUID LOSS OF FOAMED ACID 
P = 500 psi 

Foam 
nuality 

Rock Dermeahility to Ng 
At 1lfl'F (rndj 

I Breakthrough Time 
(Minutes) 

rest Solution: VQ? UC1 + 17 Foamer R 

')'I n.43 7 
qn n.74 3 
xn n.53 3 
m 0.15 75 
w7 n.41 3 

Test Solution: IqCl-WAC + 17 Foamer R 

9n n.41 4 
4n 0.17 4 
Rn n.32 3 
4fl n.31 :! 

,I 
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FIGURE I-EFFECT OF SOLID FLUID LOSS ADDITIVES UPON FLUID LOSS OF CONVENTIONAL 
ACID, P = 500 psi 

I Rock nermeabilitv* 1 Breakthrough Time I 
I (mrl) I (Minutes) 

I 
I 

Test Solution: IS? HCl + 9.lY Qirfactant + 1 

I 
Inn Ibs *luid Loss Material/In00 ~,a1 I 

I I 

/ 
3.? i 3 

I I 
I I 
i Test Solution: IS? YCI + 0.17 Surfactant + I 

I 
150 lbs Fluid T,oss Material/lnnn gal 

I / 

I 
2.5 1 I 
3.? I ! 

I 1.3 6 

I 
I 
I 

I 
Test Collation: IS? YCl + n.17) Surfactant + 

29Q lhs Fluid T,oss Material/lW7~ gal I 
I i 
j 

3.7 24 

/ 
Test Solution: 157 rrcl. I 

I 

/ 
3.7 

I 

1 I 
l.? 1 ! 
6.6 I n.5 I 

*-Permeability to standard brine. Tnitial flow throqh the core 
was measured with standard brine. Flow was then measured with 
kerosene and finally fluid loss measurement was made with 157 
YCl containine additives at TOOOF. 

I Rock Permeablllty" I Breakthrough T' lme I 

I 
(md) I (Yinutes) 

I 

I 
Test Solution: 157 TIC1 I 

I 

I 
l.rl I 3.7 

I 
I Test Solution: 15% YC1 + 159 lhs Fluid T,oss 

I 

Material/l000 gal I 
I 

1 
7.n i 4.5 

I 
I Test qolution: 157 WC1 + 1X Foamer C I 

I 
("0 Quality Foam) 

I I 
! c?.n i ?‘; I 
I 1 ’ I 

*-Permeability to standard brine. Initial flow throllqh the core 
was measured with standard hrCne then f1ui.d loss measurement was 
made with 157 YCl containing adrl?ti.ves at 7.M°F. 
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TABLE 5-EFFECT OF FOAM QUALITY AND FOAM STABILITY ON FLUID LOSS OF 
FOAMED ACID P = 500 psi 

I Foam ?ock permeahi.l.ity to W7 

Quality , At ll’7’F (md) 
Sreakthrouzh Time 1 

blinutee) I 

/ 
I 

Test Solution: 3.57 Yf,l + 1% Foamer 3 
I I I 

I ?'! I 

Q.4? I 3 I 
?n 0. ?Q 3 

I 9n 

I 
f-!. 53 I 2 I 

I sn n.15 I 25 
I Qln Q .‘Fl I 2 
I I 

I 
I I 

Foam 1 riock Permeability to 1 36 Minute Y7 I 36 Minute Acid 
quality I Mpat lln°F (md) ] Fluid T,OSS !i) 1 Fluid Loss (ml) 

Test Solutiwon: qq“T VC:7. + I"! Foamer R + _ 
47 Foam Stabilizer 

I I 
I I 

sn n./,s 13.55 n 
on I n 
sn i 

n.?n I 3.215 
0.41 

/ 

7.77 I n 
8f-l n.37 4.94 n 

I roam I ?ock DermeablLlty to M7 I R 

I 

Quality I At llQ°F (md) 
reakthrough Time ) 

I (Minutes) 
I 

I Test C,olution: ?S"/, HCl + 19, Foamer B + I 

I 
4X Foam Stabilizer 

I I I 
I 7n I n.44 10 

I 
70 n.38 I 10 I 
6n n.-35 I 11 

n.17 I in I 
I I 

t 
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TABLE G-ACID ETCHED FRACTURE FLOW CAPACITY WITH CONVENTIONAL AND FORAMED 
28’!7u HC 1 

I’ 

I’ 

136 

Conditions: Temperature _______------ llQ°F 

Pressure ___________-- --- 15f-m psi 

Closure *ressure -------- 1.f-m psi 

ktching Time! Fracture L.l.ow Capacl-ty I Core Removed I 
(Minutes) 1 Cmd- ftl I (inches) 

9 
1s 
27 
?c, 

1: 
27 
36 

Test MO. 1: 7nn ml/min 797 UC1 j 
I I 

/ 
9 ,hQl. I .M4 

13, w 
I 

.n5fi I 
3.G,hW .ncls 

I 4n ,3.55 
I I 

.O!?R 
/ 

Test No. ?: ?n ml/min 78% HCl I 
I 
i 

I 
4,v3 I . n58 I 

I h,wn .n74 

I 
7,535 I .ml I 

. 139 
I 

28 , m9 
I I 

Test wo. 3: 189 ml/min NV + ?r) ml./min 75"1, UC] + 
17% Foamer l? 

I I 

1: 
17,513 . nw 

27 I 
1?,179 I . wL 
7n, t-Inn+ .l?O 

76 70, nnn+ I .153 
! I 

+ Maximum reading of instrument. 
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TABLE T-EFFECT OF FOAM QUALITY ON ACID ETCHED FRACTURE FLOW CAPACITY 

Conditions: Temperature ___..-_____--_ lln°F 
Pressure --____---___---_ 1sfJQ psi 

Closure Pressure -------- 1clOr) psi 

l??tchlng TlmeJ 
1 (Minutes) I 

Fracture FL 
(md-!Z) 

Capacity I Core Removed 
I (inches) 

I 

I 
Test No. 1: 18fl ml/min N2 + 20 ml/min 289, FTC1 + 1X Foamer B 

90 Oualitv Foam 

/ 9 I 
1s I 

1 I 

17,533 12,392 I I .Ofih 
.w4 

;:, 7n,nm+ I 
7n, m-m+ 

1 

.153 .130 

I I 

I 
Test Vo. 2: 90 ml/min N2 + 2Q ml/min 287 TIC1 + 1X Foamer R 

I 
9c) Quality Foam 

I I 

I 9 I 
.n37 

I 
8,613 

18 I 
1 

21,537 I .c)7n 
27 36 I .175 .139 

I I 

70, 7n, f-m+ nfm+ 

I 
i 

I Test No. 3: 47 ml/min r'17 + 20 ml/min 28% FTC1 + 1X Foamer B 
7n-nualitv Foam 

I 
I 18 9 I I .074 .!'I36 

I 

41,464 12,392 

27 
*I 

3h,F126 .OQci 
36 

I 
27,259 I ,120 

I I 
I 
I Test No- 4: 30 ml/min 60 N 7 Wality + 70 ml/min Foam 359, HCl + l'? Foamer R 

I 

I 1; I 
14,678 

I 
.93fl 
.075 

I I 
28,977 
35,443 I .fw7 
37,314 I .121) 

I 

+ Yaximum reading of instrument. 
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TABLE X-EFFECT OF FOAM QUALITY AND FOAM STABILITY ON ACID ETCHED FHACTUK1S 
FLOW CAPACITY 

Conditions: Temperature _______-_-__- ll()'F 

Pressure ---------------- 15f-)o psi 

Closure Pressure -------- 1fJfJO psi 

I Etching Time1 Fracture Flow C apacity I Core Removed I 

I 
(Minutes) 1 (md-ft) I (inches) 

I 

I 
Test No. 1: 47 ml/min N7 + 20 ml/min 28% HCl + 1% Foamer B 

70 duality Foam 

I 
I I 

9 I 12,392 I .036 I 

1 27 18 I 41,464 36,026 I .O74 .096 I 
I 36 I 27,259 I .120 I 

I I 

I 
Test No. 2: 47 ml/min N7 + 20 ml/mIn 28% HCl + 1% Foamer R + 

4% Foam Stabilizer - 70 c)uality Foam I 

I 
I I 

9 I 11,314 I .(I45 I 

I 27 18 30,126 70,000+ .067 .076 
I 36 7r),mo+ .087 

I I I I 
Test No. 3: 30 ml/mfn N7 + 20 ml/min 28% HCl + 1% Foamer R 

60‘0uality Foam 
I I 

I 9 I 14,678 I .O30 I 

I 27 18 I 28,977 38,443 .075 .097 I 
I 36 I 37,234 I .12r) I 

I I I I 
I Test No. 4: 30 ml/min N7 + 20 ml/min 28% YCl + 1% Foamer R + 

47 Foam Stabilizer - 60 duality Foam I 

I 
I I I 

9 I 30,695 I .037 I 
I 21; I 7r),om+ .054 

7r),ooo+ I .063 I 
I 36 I 70,001)+ I .070 
I I 

+ Maximum reading of instrument. 
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TABLE B-ACID ETCHED FRACTURE FLOW CAPACITY WITH CONVENTIONAL AND 
FOAMED 28% HCl 

Conditicbns: Temperature ------w-w---- 105'F 
Pressure ---------------- 123.) psi 

Closure Pressure -------- 12fi7 psi 
Formation --------------- Kansas City Limestone 

I Etching Time Fracture Flow Capacity Core Removed 
(Minutes) (md-ft) I (inches) 

I 

I Test No. 1: 200 ml/min I 259, 1 HCl I 
I 9 I 632 I .036 I 

I 27 18 I 12,408 3,096 I .060 .084 I 
I 36 I 55,912 I .098 I 

I 
I I 

I 

I Test No. 2: 180 ml/min N2 + 20 ml/min 289, HCl + 17 Foamer A I 

I 

90 duality Foam 
I I I 

9 I 

I 1 
4,788 I .032 

61,894 25,955 I .052 . OS0 
I 84,328 I .O86 

TABLE 10 - Acid Etched Fracture Flow Capacity With Conventional 
and Foamed 289, HCl 

Conditions: Temperature ----_-s--s--- ll()OF 
Pressure __-_------------ 1250 psf 
Closure Pressure -------- 1312 psi 
Formation --------------- Viola Lfmestdne 

Etching Ti I 
(Minutesye 

Fracture Flow Capacity I Core Removed I 
(md-ft) I (inches) 

I 
Test No. 1: 20 ml/min 28% HCl 

I I I 
I 

48,198 3,636 I .032 .036 I 
I 

I 

Test No. 2: 180 ml/min N2 + 20 ml/min 
I 

289, HCl + 19, Foamer A 
90-duality Foam I 

I 
I 

I 
25 140,000+ .072 I 
50 14r),mo+ I .106 I 

+ Maximum reading of instrument. 
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KEROSENE 
REGULATED RESERVOIR I 

I 

DIGITAL 
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GENERATOR 
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REGULATOR 

CELL vELuLAL BACK 
PRESSURE 
REGULATOR 

WET TEST METER 
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