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ARSTRACT

Nynamic laboratory testing of foamed acid on limestone cores
has established the effectiveness of foamed acid as a stimulation
fluid. The effects of foam quality, foam stability, and chemical

compatibility on fluid loss and fracture flow 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 in the stimulation of
both 0il and gas wells.

INTRODIICTINN

The use of foam in fracturine treatments has gained widespread
acceptance in the past few vears. The low liquid content, good
fluid loss control, and quick cleanup are just a few reasons why
foams are being used.! * The fluid loss properties of foam as a
fracturing fluid and the flow of foam through porous media have heen
investigated by several authors." 18 The use of foamed acid in
fracture acidizing has been reported to give the same benefits as
foam in hydraulic fracturing treatments.l? 23 This is the first
work where €fluid loss of foamed acid has been directly measured and
the effect of foamed acid on fracture conductivity has hbeen studied.
This paver presents laboratory data describine the effects of foanm
quality, foam stabhility, chemical compatibility, formation permeabil-
ity, and pressure differential on fluid loss and fracture flow
capacity with foamed acid on limestone.

APPARATIIS AND TEST PROCEDIRE

Fluid T.oss Tests

The system used to study foamed acid fluid loss is illustrated
in Fig. 1. The liquid and gas portions of the foam were maintained
constant by separate control mechanisms. A 1500 ml volume Ampcoloy
floating piston cell was used to hold the acid solution and the
driving fluid for this cell was supplied by a positive displacement
Jaeco pump. Flow rates were mechanically set on the pump and tested

to be 20 ml/min at 1500 psi. The flow rate of nitrogen at 1500 psi
was measured with an integral orifice meter equipped with a digital
readout supplied by Fisher Porter with a Mo. 2 orifice. The meter

was calibrated for various nitrogen flow rates at 1509 psi through

*Reprinted based on SPF Preprint 03%%5 with the permission of the
Society of Petroleum FEngineers (Copyright Nwner).
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the use of a 7CA/Precision Scientific wet test meter. The pressure
of the system and nitrogen flow rates were adjnsted manually by the
use of a bhackpressure regulator for coarse settings and a needle
valve for fine settings. Once pressure and flow rate were stabilized
at the start of the test, very little adjustment was needed to main-
tain the proper pressure and flow rate.

The foam generator consists of a 1%" ml volume Ampcoloy cell and
impeller driven at a speed of 2200 RPM'g, This type of foam generator
was chosen over the wire screen in a pipe typne due to the reactive
nature of the test solution. With time, the acid would tend to react
with and erode away the screen, thus limiting the chances of repro-
ducing a foam with the same texture (hubble size) and consistency
from test to test.

Foamed acid was generated and allowed to pass through two visual
flow cells and out to the waste trap through a high pressure, back-
pressure regulator. The visual flow cells were used to check the
condition of the foamed acid before the fluid loss test hegins with
uniform small bubbles and no gas pockets conditional to a stable
foam. Once this condition was reached, a portion of the foamed acid
was allowed to flow into the fluid 1099 cell while continuing to flow
tfoamed acid through the system to the waste trap. The fluid loss
cell was a standard HYassler Sleeve apparatus used in dynamic fluid
loss tests with an associated heating jacket for testing at elevated
temperatures. MNischarge from the fluiAd loss cell was through another
visual flow cell that contained a 10 ml graduated cylinder to measure
anv liquid leakoff through the core. Any leakoff of nitrogen through
the core went through a high pressure, backpressure regulator and into
a wet test meter. This high pressure, backpressure regulator was
used to maintain the desired pressure differential across the core.

A1l fluid loss tests were conducted with an upstream pressure of
150N DSL. Bedford Tndiana limestone cores (six inches long and 1.75
lnches in diameter) were placed in the Wassler Sleeve and heated to
110°F, The system pressure was raised to 1500 psi and a permeability
of the core to nitrogen was measured at 11N0°F. Once a stahle acid
foam was generated, it was allowed to flow across the inlet face of
the core. The Hassler 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 quality and texture foam was always in
contact with the core. Gas loss and liquid loss was then recorded as
a function of time.

Fracture Flow Capacity Tests

The system used to study foamed acid fracture flow capacity was
a modification of rhe system used to study foamed acid fluid loss.
The fluid loss cell, the visual flow cell containing the 10 ml
graduated cylinder, the backpressure regulator, and the wet test
meter were replaced with a fracture flow capacity cell. The fracture
flow capacity apparatus consisted of a Ampcoloy cell which uses two
three inch diameter Bedford Indiana limestone cores. These cores
were mounted in the cell with a fracture width between them of 0.05
inches. The test solution was then allowed to enter the cell through
a hole in the center of the lower core and F1ow radially across the
faces of these cores for a specified period of time. An overburden
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or closure pressure was then hydraulically applied to the cores to
simulate the closing of a fracture after a stimulation treatment.

The amount of rock crushed and removed was then measured. ¥erosene
was then used to displace test solution and was also flowed radially
across the faces of the cores to measure a fracture flow capacity.
The closure pressure was then released and the cores equally spaced
0.05 inches apart. This nrocedure was repeated three more times for
each test solution to determine fracture flow ¢apacity versus etching
time. An upstream pressure of 1590 psi was used in the fracture flow

capacity tests and cores were heated to 11n°F,

RESULTS

Fluid Loss Tests

Table 1 shows the effect of foam quality and two different
foaming agents on fluid loss control. Conventional 157 HC1l channeled
through a six inch core in less than one minute and exhibits little
or no fluid loss control. Fig. 2 shows the face of this core anA
several larce wormholes indicating where acid breakthrough occurred.
Fig. 3 shows the face of the core across which the 90 quality foamed
acid, 157 HC1 + 17 Foamer A, was flowed for 34 minutes. There was
no fluid loss for 3% minutes and the large number of small holes on
the face of the core indicates 9N quality foamed acid gave good
fluid loss control. These same results were noted for 20 quality
foamed acid. When the qualitv of this foamed acid was lowered from
8N to 70, breakthrough occurred after 1% minutes. At breakthrough
foam came through the core rather than separate gas and liquid phases.
The bubble size in this foam was much larger than when the foam was
initially cenerated. The AN quality foamed acid broke through the
core in 7 minutes. These tests were repeated substituting 17 Foamer
B for 17 Foamer A and results indicated no acid or foam fluid loss
occurred for 36 minutes when any of these four quality foamed acids
were tested. However, nitrogen loss did occur when the 70 and A0
quality foamed acids were tested. These results show the effect of
chemical compatibility in a foamed acid system. Foamer A made a
stable foamed acid with 157 HC1 but when this foamed acid came in
contact with a large amount of spent acid, such as when a 70 or A0
quality foamed acid was run, the foam apparently collapsed and subse-
quently broke through the core. Foamer B appeared to he more
compatible with spent acid than Foamer A so no foam hreakthrough
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 quality and acid concentration on foamed
acid fluid loss are shown in Table ?. Wo acid fluid loss occurred
for any of the four qualities of foamed 157 HCl. Nitrogen loss Adid
occur with the 70 and A0 quality foamed 157 4YCl. This same trend was
shown when acid concentrations were increased from 15 to 7?8 percent
HCL.

Fffect of acid tvpe, formation permeability, and pressure

differential are illustrated in Table 3. The two types of acid
studied, 2%7 HCl and a mixture of mineral and organic acid, foamed
equally well and gave virtually the same fluid loss control. When
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foam breakthroueh occurred, bubble size of the foams were about equal
to the bubble size just after generation. I!Ipon examination of the 89
quality foamed 227 1C1 system, it was noticed that the 0,15 md
permeability core maintained fluid loss control for 25 minutes before
foamed acid breakthrough. The more permeable N.41 and N.53 md cores
experienced foamed acid breakthrough in two minutes. An increase in
differential pressure from 109 psi to 59N psi changed the fluid loss
control of the foamed acid considerably. Comparison of the foamed

227 U] results from Table ? with the results given in Table 2 clearly
illustrates the difference.

A similar trend was noted for conventional acids containine
solid fluid loss material as shown in Table 4. With increasing
pressure differential, it is more Aifficult to maintain
fluid loss control. NMne way to help minimize the effects of the
increased pressure Adifferential is to stabilize the foamed acid.

This can be accomplished by increasing the viscosity of the acid
before it is foamed. Table 5 Adenotes the large increase in fluid
loss control derived from this procedure. The 90 and 80 quality
foamed acids show only nitrogen fluid loss but no acid fluid loss for
36 minutes where previously they broke through the core in 2 to 3
minutes. The 70 and &N quality foamed acids maintain €luid loss
control for 17 to 11 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. TFxtremely 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 acid.?3

Fracture Flow Capacity Tests

These data have shown that foamed acid can give good fluid loss
control. However a successful fracture acidizing treatment does not
depend only on good fluid loss control. Adequate fracture flow
capacity must he established by the acid system used. The quantity
of rock removed and the pattern in which it is removed from the
fracture faces are important. Fracture flow capacity is dependent
upon the nature of the rock and the volume, type and concentration
of acid used. Tn order to eliminate some of the variables, Bedford
Tndiana limestone was selected as a homogeneous rock and was tested
with one concentration of acid (287 HC1). Table 6 shows the results
of equal velocities of treating solution as well as equal amounts of
acid. Tests No. 1 and 3 were both conducted at a total flow rate of
20N ml/min. The foamed acid in Test No. 3 was only one-tenth the
amount of 287 HC1 as compared to the conventional acid in Test Wo. 1
and created more fracture flow capacity. Comparison of Tests No. ?
and 3 which used equal amounts of 2R7 HCl indicated the foamed acid
created more fracture flow capacity. Also, the foamed acid system
removerd more core than either of the two conventional acid systems
tested. It was noted in Test No.3 that some fracture flow capacity
was lost between the first and second time intervals. This effect,
called overetching, is quite common in homogeneous 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. A large
amount of core was also removed in each of the four cases. The 79

and AN quality foamed acids did not obtain the maximum fracture

flow capacity that the 90 and 80 quality foamed acids obtained. The
effect of overetching was also more pronounced in the 70N and A0

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 70 and A0 quality foamed acids generated and Table %
compares these results. The 7" and A0 quality foamed acids achieved

maximum fracture flow capacity an® no sign of overetching was detected.

A smaller amount of rock was removed from the core faces but the
pattern of removal was more effective.

Tables 9 and 1N show the results of acid etched fracture flow
capacity studies with conventional and foamed 2%7 HC1. The tests
were similar to those reported in Table 5 with the exception of a
different foaming agent and just one heterogeneous core being used.
However, 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.

FIELD RESIILTS

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

Case History #1

Fight oil wells were drilled in the Petit limestone formation in
Arkansas at depths of 4200 to 4750 feet with an average porosity of
157 and permeability of 10 md. Tnitial production averaged 30 BOPD,
however thirty days after completion the production had declined to
1n-15 BOPND. Four wells were given a conventional fracture acidizing
treatment with a 10,0N0 gallon mixture of mineral and organic acid.
These wells were slow to clean up and required a swabbhing unit to
recover most of the treating fluids. Tnitial production after these
treatments ranged from 27-20 RNPN, TFour weeks later, nroduction had
declined to the original 117-15 RBRNPN level. The other four wells
were stimulated with a AN-A5 qualitv foamed acid which utilized a
4,0N0-6 000 pallon mixture of mineral and organic acids. The total
volume of foamed acid was approximately 12,000 to 20,000 gallons.
These wells exhibited rapid cleanup and were put on productlon over-
night. Tt was noticed during flowhack that a laree quantity of
fines were being returned after the foamed acid treatments. Tnitial
production after treatment ranged from 47 to 72 BNPD, <Six months
later these four wells were still producing 30-50 RNPN,

Case History #2

A new gas well was completed at a depth of ARR4 ft in the Chester
limestone formation in Yarper County, Nklahoma. An initial acid
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cleanup using 200N gallons of 157 HC1 tested 740 MCF/N at 250 psi on
a 1A6/A4 choke. The formation was highly naturally fractured so a
180,900 oallon gelled water pad was pumped ahead of the foamed acid.
A 30,000 gallon 75 quality foamed acid treatment consisting of a
mixture of mineral and organic acid was performed. Production after
treatment was 1.1% MMCF/D at 5NN psi on a 20/64 choke. Nne week
later, the well was producing 1.N?7 MMCF/N at %50 psi on a 14/A4
choke.

Case History #3

Two gas wells were completed in the Marble Falls limestone in
North Central Texas. Experience indicated the formation was highly
naturally fractured and acid solubility was 59 to 60 percent. Fluid
recovery using conventional fracturing fluids, even with N9 and C09,
had been 60 percent or less. The first well was treated with a 75
quality foam which utilized 10,000 gallons of 207 HC1 containing 1
1b/gal Oklahoma #1 sand. Tnitial production had been a slight gas
show, however, production after treatment was 4NN MCF/D with no
water. The second well was treated with a 75 quality foam using a
5,MN gallon mixture of mineral and organic acid containing 1 1b/gal
Nklahoma #1 sand. Tnitial production had also been a slight gas show
with production after treatment of 200 MCF/D with no water. Most of
the treatment fluid was recovered on both of these wells.

Case History #4

An o0il well was compnleted to a depth of 386N ft in the Salem
limestone formation in Clay County, Illinois. An initial acid cleanup
of 157 WCl was used and the well was put on pump. Most wells com-
pleted in the Salem limestone produce about 30 BOPD after completion
but production drops off very rapidly. This same trend occurs after
a conventional fracture acidizing. After most treatments, a swabbing
unit is required to recover the load fluid hefore the well is put on
pump. Production before treatment was 1N BNPN and 24 BWPD, A treat-
ment consisting of 3,200 gallons of RN quality foamed 2R7 HC1 was
used to stimulate this well. Production following treatment was 135
RNPN and 145 BWPN with most of the treating fluid recovered.

Case History #5

A gas well in Canada had been abandoned since 1940. 1In January,

1979, the hole was re-entered and production casing set. A treatment
consisting of 20,000 gallons of 80 guality foamed 287 HC1 was used to

stimulate this well. Production after the treatment was 3 MMCF/D.

CONCLUISTONS

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

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

4. Tncreasing the viscosity of the acid to be foamed will help
increase the foam stability.

5. An acid viscosifier should be employed when foam qualities
below 757 are used.

6. Both o0il and gas wells have responded successfully to foamed
acid stimulation treatments.
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TABLE 1—EFFECT OF FOAM QUALITY AND FOAMING AGENTS UPON FLUID LOSS OF
FOAMED ACID P =100 psi

|~ ¥oam Rock Permeability to No [ Breakfhroush Time
Nuality At 110°F (md) | (Minutes)

Test Solution: 157 HC1

N n,85 <1
|
Test Solution: 157 HWC1 + 17 Foamer A
| [
9n | n.R]3 | >34
8N | n.72 | >34
70 | N.84 | 1R
A0 | N.hA | 7
l |
| Foam | Rock Permeability to | 735 Minute N, 1A Minute AciAd
|ouality | WNpat 110°F (md) | Fluid Loss (1) | Fluid Toss (ml\l
Test Solution: 157 HC1 + 17 Foamer B
I I
an 1.21 | n n
9N N.26 I 0 0
80 n.56% N n
N Nn.61 n 0
70 N, 8K n.n7 N
70 1.14 N.ARO 0
60N Nn.62 .22 0
AN 1.83 N, 4K 0
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TABLE 2—EFFECT OF FOAM QUALITY AND ACID CONCENTRATION UPON FLUID LOSS OF

FOAMED ACID P =100 psi

SOUTHWESTERN PETROLEUM SHORT COURSE

Foam Rock Permeghility to | 3h Minute N, 36 Minute Acid
Ouality Ny at 110°F (md) | Fluid Loss (I) Fluid Loss (ml)
Test Solution: 157 HC1 + 17 Foamer B
‘ I
an 1.21 8] 0
9n n.26 0 n
8N n.A3 n | n
|0 n0.61 n | n
70 0.8]8 0.07 | 0
7n 1.14 n.k ! 0
60 n.60 n.22 | n
AN 1.83 N, 4A { 3}
|
Test Solution: 207 HC1 + 17 Foamer R
an 0.6A5 N 0
an n.28 n 0
N n.24 n n
]N 0,53 n n
7n 0.53 N.148 n
70 0.53 Nn.,2% b]
60 n.50 n.NRS n
AN N, 48 n 0
Test Solution: 287 HC1 + 17 Foamer B
T I
90 N.48% n 0
90 n.41 n 0
| ]0 ! n.55 | n | 0
| &n | n.69 | n | a
! 7N | N.47 | n.0A | n
1n | n.70 ! n.25 | n
! 6N | 0.71 | n.20 | n
| &0 n.78 | n.o7 | n
[ ! ! [
TABLE 3—EFFECT OF ACID TYPE UPON FLUID LOSS OF FOAMED ACID
P =500 psi
Foam , Rock Permeability to Ny I" Breakthrough Time
Nuality At 110°F (md) | (Minutes)
l
’ _Test Solution: 2?87 HC1 + 17 Foamer B
I
| 9n ‘ n.43 | 3
| an | Nn.39 | 3
| R0 } n.s3 | 2
| 8]0 I n.15 I 25
! ]N | n.41 | 2
I | l
l
{ Test Solution: MWHWC1-YAC + 17 Foamer B
| 9N 0,41 4
| an n.37 4
| /N 0.32 3
| 81 n.31 2
l
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FIGURE 4—EFFECT OF SOLID FLUID LOSS ADDITIVES UPON FLUID LOSS OF CONVENTIONAL
ACID, P =500 psi

| Rock Permeabilitv¥ [ Breakthrough Time |
| (md) | - (Minutes)

Test Solution: 157 HC1 + 2.17 Surfactant +
100 1bs Fluid Toss Material/1n0N gal
|
3.2 | 3
|

Test Solution: 157 HC1 + 0,17 Surfactant +
150 1bs Fluid Toss Material/100N gal

2.5 3
3.2
3.3 )

l
!
| 12
|

Test Solution: 157 HC1 + 0,17 Surfactant +
200 1bs Fluid T.oss Material/1000 gal

!
3.7 I 24

Test Solution: 157 HC1

!
l
!
l

l
l
!
!
|

N w
Noo
D=

.5

*-Permeability to standard brine. TInitial flow through the core
was measured with standard brine. Flow was then measured with
kerosene and finally fluid loss measurement was made with 157
HC1 containing additives at 200°F.

l Rock Permeability™® I Breakthrough Time |
[ (md) [ (Minutes)

Test Solution: 157 HC1

1.9 3.7

Test Solution: 157 HCI + 159 1lbs Fluid Toss
Material/10N0 gal

2.0 4.8

Test Solution: 157 HCY1 + 17 Foamer C
(80 Nuality Foam)
!
| 2.0 l 25

*-Permeability to standard brine. Tnitial flow through the core
was measured with standard brine then fluid loss measurement was
made with 157 HC1l containing additives at 2NN°w,
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TABLE 5—EFFECT OF FOAM QUALITY AND FOAM STABILITY ON FLUID LOSS OF
FOAMED ACID P =500 psi

Foam [ Rock Permeability to Wo Breakthrough Time
Nuality | At 110°F (md) (Minutes)

Test Solution: 287 4Cl + 17 Foamer B

an } N, A3 3
an l N.39 3
’n | n.53 2
2N | N.15 25
20 | N A1 2
|
| Foam [ Rock Permeability to | 13/ Minute N, 3% Minute Acid |
Nuality | Npat 110°F (md) | Fluid Toss (1) | Fluid Loss (ml)
! Test Qolution: 287 Ul + 17 Foamer B +
47 Toam Stabilizer
| [ 1B
| | !
| an | 0. 48 | 13.55 l 0
an ! 0.30 | 3.235 | n
]N l n.41 | 7.72 | 0
’0 | n.37 | 4,84 | 0
! | |
Foam [ Rock Permeability to M, [~ Breakthrough Time |
Nuality | At 110°F (md) | (Minutes)
Test Solution: 287 HC1 + 17 Foamer B +
47 Foam Stabhilizer
|
70 ] 0.4k 10
0 N.138 1n
AN 0.35 11
AN : n.,37 1n
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TABLE 6—ACID ETCHED FRACTURE FLOW CAPACITY WITH CONVENTIONAL AND FORAMED

28% HC1
Conditions: Temperature ---==-==-=----- 110°F
Pressure ---~--==c=m----=-- 1500 psi
Closure Pressure -------- 1000 psi
|FEching Time!|  Fracture Flow Capacity T Core Removed
| (Minutes) | (md-ft) | (inches)

Test No. 1: 200 ml/min 287 HC1

9 9,601 YA
18 12,060 .056

! 27 26,601 . 062 |
346 40,255 LN]R

Test No. 2: 20 ml/min 287 HC1

9 4,833 .058
18 6,000 .074
27 7,535 .N91
36 28,409 .109

Test Mo. 3: 180 ml/min No + 20 ml/min 287 HCL +
17 Foamer B
|

|
9 | 17,533 .NARA
18 I 12,329 N84
27 l 70,000+ I .120
34 : 70,000+ ; 153

+ Maximum reading of instrument.
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TABLE 7—EFFECT OF FOAM QUALITY ON ACID ETCHED FRACTURE FLOW CAPACITY

Conditions: Temperature --===-----c-=--- 110°F
Pressure =-~------==---c=-- 1500 psi
Closure Pressure -------- 1000 psi
|FEching Time|  Fracture Flow Capacity I Core Removed
(Minutes) | (md-ft) l (inches)
Test No. 1: 180 ml/min N9 + 20 ml/min 287 HC1l + 17 Foamer B
| 9 Ouality Foam
9 17,533 066
18 12,392 .084
27 70000+ .130
36 70 000+ .153

Test No. 2:

80 ml/min N9 + 20 ml/min 287 HCl + 1% Foamer B

!N Nuality Foam

|
9 | 8,613 .037
18 | 21,537 .070
27 70,000+ .139
36 70,000+ .175
|
Test No. 3: 47 ml/min N9 + 20 ml/min 28% HC1l + 1% Foamer B
. 70 Ouality Foam _
i l
9 | 12,392 | .036
18 | 41,464 | 074
27 36.026 .096
34 27,250 .120
| |
Test No. 4: 30 ml/min N9 + 20 ml/min 28% HC1 + 17 Foamer B
‘ AN Nuality Foam
l
9 | 14,678 .030
18 l 28,977 075
27 38 443 .007
34 37934 .120

+ Maximum reading of instrument.
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TABLE 8—EFFECT OF FOAM QUALITY AND FOAM STABILITY ON ACID ETCHED FRACTURE

FLOW CAPACITY
Conditions: Temperature =------------- 110°F
Pressure -----=-=cec------- 1500 psi
Closure Pressure -===----- 1000 psi
|"tching Time| Fracture Flow Capacity | Core Removed
(Minutes) | (md-ft) | (inches)

Test No. 1: 47 ml/min N9 + 20 ml/min 287 HC1 + 17 Foamer B
70 Ouality Foam

9 12,392 .036
18 41,464 .074
27 36,026 .096
36 27,259 .120

Test No. 2: 47 ml/min N9 + 20 ml/min 287 HCl + 17 Foamer B +
47 Foam Stabilizer - 70 Ouality Foam

f
9 11,314 | . 048
18 30,126 .067
27 70,000+ .076
36 70,000+ | .087

Test No. 3: 30 ml/min Ny + 20 ml/min 287 HCl1 + 1% Foamer B
60 Ouality Foam

9 14,678 .030
18 28,977 .075
27 38, 443 .097
36 37,234 .120

Test No. 4: 30 ml/min N9 + 20 ml/min 28% HC1 + 17 Foamer B +
49 Foam Stabilizer - 60 Ouality Foam

9 30,695 .037
18 70,000+ .054
27 70,000+ .063
36 70,000+ .070
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+ Maximum reading of instrument.
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TABLE 9—ACID ETCHED FRACTURE FLOW CAPACITY WITH CONVENTIONAL AND
FOAMED 28% HC1

Conditions: Temperature --=----------- 105°F
Pressure =---=-=--ccec-cec---- 1250 psi
Closure Pressure -------- 1267 psi
Formation =-~-wcecccccca-- Ransas City Limestone
Etching Time Fracture Flow Capacity Core Removed
(Minutes) (md-ft) (inches)

Test No. 1: 200 ml/min 287 HC1

9 632 .036
18 3,096 .060
27 12,408 .084
36 55,912 .098

Test No. 2: 180 ml/min N9 + 20 ml/min 287 HC1 + 1% Foamer A
90 Ouality Foam

9 4,788 .032
18 25,958 .052
27 61,894 . 080
36 84,328 .086

TABLE 10 - Acid Etched Fracture Flow Capacity'With Conventional
and Foamed 287 HCI

Conditions: Temperature =------c----- 110°F
Pressure --~----c-cc-cceea- 1250 psi
Closure Pressure =-~------ 1312 psi
Formation ----=ccceccaa-—- Viola Limestone
Etching Time Fracture ¥low Capacity Core Removed
(Minutes) (md-£ft) (inches)

Test No. 1: 20 ml/min 287 HC1

20 3,636 .032
40 48,198 .036

Test No. 2: 180 ml/min N9 + 20 ml/min 28% HCl + 1% Foamer A
90 Nuality Foam

25 140,000+ .072
50 140,000+ ' .106

+ Maximum reading of instrument.
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