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IMPROVED OIL RECOVERY BY ALKALINE
FLOODING IN THE HUNTINGTON BEACH FIELD

By
Thomas C. Campbell
AMINOIL USA, INC.

P.0. Box 191
Huntington Beach, CA 92648

ABSTRACT

A pilot test of an alkaline flooding process for improved oil recovery is
being conducted by Aminoil USA in the Lower Main Zone of the Huntington Beach
Field. This field was developed in 1940 with primary production continuing
through 1969. At that time, a pilot waterflood was initiated in Fault Blocks
22/23 using a 5-spot pattern with four injection wells. Approximately two pore
volumes of water had been injected into this area prior to initiation of the
alkaline flooding pilot.

A softened water preflush was started in June, 1978 in the same pattern
used for the waterflood pilot following redrilling of two injection wells and
workover of several production wells in the pilot area. The softening plant
was designed for an injection rate of 10,000 B/D. Soft water preflush injection
continued through March, 1980. A series of organic, inorganic and radioactive
tracers were injected in October, 1979 to monitor fluid movement in the pilot
area. In March, 1980, alkaline injection at a concentration of 0.2% by weight
of sodium orthosilicate solution was begun. The concentration of alkali was
increased to 1.0% by weight in October, 1980 and has been continued at this
level to the present time. Alkaline injection will be continued through 1984.
A short postflush with softened water will be injected prior to continued in-
jection with field produced water to the economic limit of the pilot area.

Preflush breakthrough has occurred in three of the production wells, as
measured by reductions in salinity and water hardness. The tracers have not
been detected at any significant levels, except for tritium. O0il production
has followed a typical waterflood decline over the period of pilot operation.
There has been no significant response to the alkaline injection, but there
has been an indication of decreases in the water/oil ratio in the central pro-
ducer in the inverted 5-spot pattern area.

Prepared for DOE under Contract No. DE-AC03-79 ET 12053 (Formerly EF-77-C-03-1476)
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HISTORY OF PROJECT

This project was initiated July 1, 1977 with a completion date of December
31, 1980. The total cost under the project was $2,289,997, with DOE funding
$531,374. During the first year, laboratory studies were conducted to develop
an improved alkaline waterflooding process. A comprehensive coring and logging
program was run during redrilling of one of the pilot injectors. The softening
and injection facilities were constructed during this period. During the second
year, laboratory studies and the preflush were continued. In the third year,
tracer injection occurred in September-October, 1979, to establish flow patterns
and the preflush was completed in March, 1980. Injection of alkali was started
in March, 1980 and will continue through 1984.

GENERAL PROJECT DESCRIPTION

INTRODUCTION
The Huntington Beach Field is a major oil accumulation lying on the Cali-

fornia coastline approximately 20 miles southeast of Los Angeles. Figure 1 shows
the location of the Huntington Beach Field in the Los Angeles Basin with the off-
shore area of the field cross-hatched.

The field has a length of seven miles along the Newport-Inglewood Fault Zone
and a maximum width of three miles. The trapping of oil is controlled by a com-
plex combination of structural, fault, and stratigraphic mechanisms. Production
from the offshore area is from five major zones with the upper zone assisted by
steam injection while three of the lower zones are under waterflood. One of the
Tower zones has not yet been waterflooded and is producing on primary. The cur-
rent water injection rate of 450,000 B/D ranks the Huntington Beach Field as the
third largest waterflood in the U.S.

An example of one of the major producing zones in the offshore area of the
Huntington Beach Field is shown in Figure 2. Note the change in orientation of
this figure. A1l maps of the offshore area are oriented with the shoreline at
the bottom, looking offshore. The contour lines are for the top of the Lower
Main Zone, with the alkaline flood project area outlined near the center of the
map.



The cross section A-B indicated on the Huntington Beach Offshore Area map
(Fig. 2) is shown in Fig. 3. This cross section is just offshore from the pro-
ject area and shows the five major productive zones. The Lower Main Zone is the
subject of this evaluation and it is the zone where the alkaline flood is being
pilot tested.

A map of the alkaline flood project area is shown in Fig. 4. The area was
originally drilled in 1940 and produced by primary means until 1969, at which
time a pilot waterflood was initiated in Fault Block 22 using a single 5-spot
pattern. The pilot flood was expanded to the entire Lower Main Zone in the
period from 1971 to 1972. The same fault block and pattern used for the water-
flood pilot is being used for the alkaline flood pilot with the area in Fault
Block 23 also included as part of the response pattern.

Since all the wells shown in Fig. 4 have been directionally drilled from
onshore locations, the completion intervals penetrate the zone at an average
angle of 20°. In Fig. 4, the small circle shows where the well penetrates the
top of the zone while the large circle indicates the bottom of the completion
interval. The wells are completed with gravel packed slotted liners except for
four older producers in the project area which are completed with slotted liners
but not gravel packed. Production,rates are 1imited to 1000 B/D in these older
producers to prevent sand problems.

Approximately two pore volumes of water had been injected into the project
area prior to the start of preflush injection. It is currently producing at a
water-oil ratio of over 35. Remaining economic life of the project area
was estimated to be one year without the enhanced recovery project. Original
oil-in-place was estimated to be 1300 STB/AF, of which approximately 700 STB/AF
remain in place.

The purpose of conducting the alkaline flood pilot test is to establish the
0il recovery effectiveness of the tertiary process utilizing the waterflood's
existing 5-spot injection pattern in Fault Blocks 22 and 23. In order to allow
a more thorough evaluation of the project, a contract was entered into with the
Department of Energy to provide partial funding for two aspects of the alkaline
pilot project. The objectives of this contract were as follows:



(1) To determine the residual oil saturation distribution in
the watered-out pilot area through a comprehensive coring,
logging and core evaluation program; and

(2) To establish a basis for evaluation of the pilot process
using reservoir tracer tests, laboratory core flood tests
and reservoir simulation.

DETERMINATION OF RESIDUAL OIL SATURATION

Redrilling of Well S-55A
One of the injectors being used in the alkaline flood pilot, Well S-55A, was

redrilled due to poor mechanical condition. This well is shown as the redrilled

Well S-55B on Fig. 4. S-55A had been in use since 1969 with a cumulative injec-

tion of over 20 million barrels of water at an average rate of approximately 7000
B/D.

A program was formulated to log and continuously core the entire productive
section of the Lower Main Zone to determine the oil remaining in place at a loca-
tion which had been extensively waterflooded.

A comprehensive group of logs were run after the coring was completed. The
group consisted of three resistivity tools (a shallow focused log, a medium in-
duction log, and a deep induction log), SP, gamma ray, compensated neutron, com-
pensated density, and a proximity log-mini-log. Computer assisted calculations
were completed on the Togs.

Coring Operations

At the top of the zone, the mud system was changed over to a specifically
formulated coring fluid and the well was continuously cored to the water-oil
contact using both plastic sleeve and pressure core barrels. A total of 535' were
cored using a 3-1/2" diameter plastic sleeve core barrel while 78 feet were
cored with a 2-1/2" diameter pressure core barrel.

The Lower Main Zone of the Huntington Beach Field is split into three major
subzones by shale breaks which are correlatable across large areas of the field.
These divisions are the LM2.3, the LM3-4, and the LM4-5. The coring was planned
so that pressure cores would be obtained both in the LMz_3 and in the LM3.4 zones.

Recovery with the plastic sleeve barrel was 73.5% while recovery with the

pressure barrel was 36%, which was primarily due to the smaller diameter of the
core that the pressure barrel cut. The overall recovery was 69%. This recovery

percentage is excellent considering that the reservoir is a slightly consolidated



sand, interbedded with shale and clay, and that the well is directionally
drilled with a maximum deviation of 45 degrees from the vertical. Deviation
through the zone was 280 from vertical.

The core material was described at the well site and then frozen in dry
ice before transportation to a local core lab for analysis. The core material
which was not used for analysis has been kept in continuous frozen storage.

Determination of Current Qil-in-Place

Determination of reservoir porosity and oil saturation at an extensively
waterflooded location in the reservoir were the primary objectives of the test
well. In a poorly consolidated reservoir such as the Lower Main Zone at
Huntington Beach, it is essential to determine both in situ porosity and satura-
tion due to the stress sensitivity of the reservoir rock.

The depositional environment of the reservoir plays a major role in the
distribution of porosity and oil saturation and in understanding current reser-
voir performance. The turbidite deposition of the Lower Main Zone in a marine
environment has created a reservoir in which the rock properties can vary exten-
sively in a short vertical interval. Lithology can vary from shale through sand
to conglomerate in a three foot interval. The variation in rock type translates
into extremely wide ranges for porosity, permeability and saturations. The rou-
tine core analysis data which are shown in Table 1 give an indication of these
ranges. Helium porosity at zero confining pressure varied by over a factor of
two from 19.7% to 43.4%. Air permeability ranged from 2 to 8650 md while the
range in oil saturation was 0 to 45.8% PV.

Porosity Under Confining Pressure

Porosities in the range of 30% are typically determined from routine core
analysis of poorly consolidated samples. The average porosity from routine core
analysis of 133 core plugs from Well S-55BZ was 29.7%. The effect of triaxial
confining pressure on routine core analysis porosity is shown in Fig. 5 for 14
samples distributed throughout the productive interval of the Lower Main Zone.
The average of these samples is shown as the dashed line in Fig. 5.

Since the exact state of stress in the reservoir is uncertain, the confining
pressure is calculated to be the overburden pressure of one psi/foot less the
reservoir pressure.

At the time of discovery, reservoir pressure was 1800 psi at the datum depth
of 4100 feet subsea, giving an effective confining pressure of 2300 psi. As the



reservoir was produced under primary, the pressure declined to approximately
100 psi for an effective confining pressure of 4000 psi. Waterflooding has
increased the reservoir pressure back to the initial pressure of 1800 psi and
decreased the effective confining pressure to 2300 psi.

The 14 sample average curve shown in Fig. 5 had an initial unconfined
porosity of 28.9% which decreased by 20% or 5.7 porosity units to 23.2% at a
confining pressure of 2300 psi. At the confining pressure of 2300 psi, the
sample porosity ranged from 20.6% to 25.4%.

Since the average unconfined porosity of 28.9% for the 14 core samples on
which confining pressure data was obtained was slightly below the total zone
average of 29.7%, the 20% decrease in porosity due to confining pressure was
applied to each of the subzones and the porosities reported in Table 2. Appli-
cation of the 20% porosity reduction resulted in a total zone average porosity
under 2300 psi confining pressure of 23.8%.

Due to the stress history of the reservoir, a hysteresis or inelastic effect
on porosity could possibly occur. This potential influence was investigated in
the lab by determining porosities of all core plugs on the decreasing pressure
cycle. Although the meaning of the decreasing pressure data from a reservoir
viewpoint is uncertain, in this case there was less than one porosity unit dif-
ference over the pressure range of interest and therefore no correction was
applied for this possible effect.

Porosity from Pressure Core Analysis

A special lab technique was developed to obtain porosity measurements on
plugs cut from the pressure cores. These cores had been recovered under reservoir
pressure and frozen at the surface. The plugs were thawed under a triaxial con-
fining pressure of 2300 psi and the reservoir fluids removed using sequential
flushing with methanol and toluene. Toluene filled pore volume and bulk volume
were determined under confining pressure and the porosity calculated.

The average porosity of seven pressure core plugs from the LMp_3 subzone
was 23.2%. In the LMp_3 subzone the average porosity of the conventional cores
under a 2300 psi confining pressure with helium filling the pore space was 23.6%,
jndicating good agreement between the porosity of the pressure cores and the
porosity of the conventional cores under confining pressure. Pressure core re-
covery in the LM3_4 subzone was insufficient to*present meaningful data for this
subzone. -

——
——— J—



Porosity from Logs

FDC and CNL Logs, using lab measurements of grain density, were used with
a computerized cross plotting technique to calculate porosity. Average log
porosities of 24.2% and the average core porosities under confining pressure
of 23.8% are in good agreement. The log and core porosity comparison for each
subzone are listed in Table 2.

Results of Saturation Determination
By Routine Core Analysis

Routine core analysis was performed on 133 plugs from Well S-55BZ and this
data is summarized in Table 1. 0il saturation determined by routine core anal-
ysis at zero confining pressure varied significantly from zone to zone. Average
0i1 saturation in the LM2_3 interval was 22%, while the LM3.4 had an average
0il saturation of 18.9% and the LMg_g had an average oil saturation of 11.9%.
These routine core analysis oil saturations were corrected back to reservoir
conditions using the following equation

Sor = Sp RCA X Bg x @ RCA
PR
Where Sor = residual oil saturation in the core at reservoir
condition
Sogcpa = 011 saturation determined by routine core analysis
Bp, = oil formation volume factor
/] RCA\ = porosity determined by routine core analysis at

zero confining pressure

PR

to account for the formation volume factor and the change in pore volume due to

reservoir porosity

confining pressure. The corrected oil saturations were 30.9% in the LMp_3,
26.5% in the LM3_4, and 16.7% in the LMg_5.

Since both 0il and water contents are determined directly in routine core
analysis and free gas is not present in the reservoir, the corrected sum of the
0il1 and water saturations should completely fill the reservoir pore space. Over
the entire interval cored, the sum of the oil and water saturations was 98.2%
which fills the reservoir pore space within experimental error.

Saturations from Pressure Core Analysis
The advantage of pressure cores over conventional cores is that they are

recovered and frozen under reservoir pressure which prevents saturation changes
due to loss of reservoir pressure.



A special laboratory technique was developed to obtain saturations under
conditions of continuous confining pressure.

The average corrected reservoir oil saturation of seven pressure core plugs
from the LMp_3 subzone was 32%. The average corrected reservoir oil saturation
from conventional core plugs in the LMo_3 subzone was 30.9%.

The fluid saturations obtained from analysis of the pressure cores confirmed
that significant bleeding did not occur in the conventional cores and the conven-
tional core saturations could be adjusted to reservoir saturations through a
porosity and a formation volume factor correction as noted above.

Saturations from Logs

Reservoir saturations were computed from digitized electric log data using
lab measurements of formation factor and cation exchange capacity. The formation
factors and cation exchange capacities were low, indicating a relatively clean
sand.

The determination of formation water salinity in each of the subzones re-
quired considerable effort due to change in injection water salinity during the
waterflood. The TDS in the formation water prior to waterflood was 25,600 ppm.
Sea water, with a TDS of 33,000 ppm,was injected for the first four years of the
waterflood. The amount of sea water in the injection stream decreased over the
next 1-1/2 years as produced water reinjection increased. A small fraction of
brackish water was used as make-up for the next 1-1/2 years until sufficient pro-
duced water was available to inject all produced water.

Use of the salinity history of the injection water with injection profile
data showed that only sea water had been injected below the LM3 marker. A pro-
duction profile while the well was backflowing showed that 30% of the flow was
from below the LM3. This data allowed the salinity in the LMp_3 zone to be cal-
culated at 29,400 ppm compared to the salinity of 33,000 ppm in the LM3_4 and

LMg_5 and these salinities were used in the log calculations.

The log derived saturations in general agree well with the core derived
saturations. The average oil saturation was 30.2% in the LMp_3 interval where
the conventional core analysis oil saturation corrected to reservoir conditions
was 29.3% and the pressure core o0il saturation was 32%.

The average oil saturation in the LM3-4 interval was 28.3% which compares with
a value of 25.3% from the core analysis data corrected to reservoir conditions.



The average 0il saturation in the LMg_g interval was much lower due to
the occurrence of original water tables in several of the sand bodies. The
average oil saturation calculated from the logs in the LM4-5 interval was 11.7%
while the average o0il saturation from the core analysis data corrected to reser-
voir conditions was 16.0%.

For the entire interval cored, the log oil saturation averaged 24.7% while
the 0i1 saturation from core analysis data corrected to reservoir conditions aver-
aged 25.4%. Log and core oil saturations are compared for each subzone in Table 2.

SOFTENING ANb INJECTION FACILITIES
Preliminary laboratory screening studies had indicated that softened water

with a salinity of 7500 ppm as NaCl would be the appropriate choice for the alkaline
waterflooding project injection water. This water would be used for the preflush

to condition the reservoir and as a carrier for the alkaline chemicals added dur-
ing the main chemical slug injection. Following an extensive review of the environ-
mental constraints, water requirements of the Huntington Beach Field, chemical re-
quirements and water disposal requirements, a blend of produced water and brackish
water available from shallow aquifers was chosen as the raw water stream for the
injection plant. The chemical composition of the available waters and the blend

of 25% produced water with 75% brackish water are given in Table 3.

Several softening alternatives were evaluated. Those choices included Tlime
softening; series softening with a strong acid, gel-type resin; series softening
with a strong acid, gel-type resin in the primary and a weak acid, gel-type resin
as a polish; series softening with a weak acid, gel-type resin; and series soften-
ing with a weak acid, macroreticular type resin. The final system chosen was
series softening with a weak acid, macroreticular type resin.

A great deal of time was devoted to the optimization of the regeneration
efficiency and reduction of the associated operating cost. The two key elements
which came out of the evaluation work were: (1) the improvement of resin/acid
contact by regeneration in the upflow direction with air to agitate the resin bed;
and (2) the recirculation of acid in the downflow direction during the latter por-
tion of the regeneration cycle.

Evaluation of the resin bed neutralization performance resulted in essen-
tially the same conclusions as those drawn from the acid regeneration performance
evaluation. The conclusion was to start the neutralization in the upflow direction
with air and finish with a recirculation of the sodium hydroxide at the end of the
cycle.



Effects of osmotic pressure on the regeneration efficiency of the macro-
reticular resins appear to be of no consequence.

The surface facilities were designed using the parameters established during
the resin evaluation, which are shown in Table 4.

The flow diagram of the softening and injection facilities is given in Fig. 6.
The produced water and brackish water are blended in a 1500-bbl. raw water surge
tank (T-1). The blended water is then pumped (P-1) to the primary softener and
then to the polish softener. From the polish softener the softened water flows
into a 1500-bb1. soft water surge tank (T-2). The soft water is then pumped
(P-3) to the injection pump (P-9).

The softeners are backwashed and regenerated using soft water from the soft
water surge tank (T-3) using pump (P-2). A pump (P-4) provides standby capability
for pumps (P-1), (P-2), or (P-3).

The alkaline chemicals are added downstream of the injection pump (P-9) by
pumps (P-8a and P-8b). Pump (P-8c) is a standby alkaline injection pump. The
acid pump (P-6) is used for the acid regeneration of the softeners. The sodium
hydroxide pump (P-7) is used for the neutralization of the softeners.

The hydrochloric acid used for the acid regeneration of the softeners is
stored in tank (T-3). The sodium hydroxide used for the neutralization of the
softeners and for the alkaline flood is stored in tank (T-4). The sodium silicate
for the alkaline flood is stored in tank (T-5).

The blended water flows through two vessels in series: a primary and a polish.
‘The total hardness of the blended water (25:75) is 650 mg/1. as CaCO3. The total
hardness effluent from the primary is less than 5 mg/1. as CaCO3 and Tess than

1 mg/1. as CaCO3 from the polish vessel.

The softening cycle is determined by a cycle timer with a high hardness alarm/
override. If the primary softener breaks before the cycle timer times out, the
vessel cycle will be advanced.

When the cycle is terminated by either the cycle timer or the hardness de-
tector, the primary vessel goes into the backwash-regeneration cycle and the polish
goes into the primary cycle. The vessel which has been backwashed and regenerated
then comes in as the polish vessel. A fourth vessel (V-4) serves as a standby for
vessels V-1, V-2, or V-3.
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The cycle time for the primary is 6 hours. The backwash/regeneration
requires 2-3/4 hours. There is, therefore, a 3-hour time period provided for
manual backwashing or regeneration of the vessels if required.

TRACER INJECTION AND MONITORING
As a part of the original proposal for support by DOE for additional test-

ing to provide better reservoir definition in the alkaline pilot area, an ex-
tensive tracer injection and monitoring program was designed. The purpose of
the tracer test was to empirically establish injector-producer flow patterns in
the Fault Block 22 area of the Lower Main Zone caustic pilot flow and to deter-
mine reservoir properties within the area. The results of the test were to be
used in conjunction with earlier waterflood data to adjust production and injec-
tion rates in the Fault Block 22 area of the pilot flood in order to maximize
sweep efficiency and o0il recovery.

Tracer material was injected into four injection wells in Fault Black 22
in the Lower Main Zone on the 392.1 Lease. Tracer response is monitored at
S-47A, a central producer which forms a five-spot pattern with the four injectors,
and seven other producing wells surrounding the pattern.

The wells involved in the test were:
Inj. Wells: S-168, S-66A, S-50A, S-55B
Prod. Wells: S-47A,S-12A,S-72A,S-73, S-86A,S-100, C-30, S-88

The amounts and type of tracer added to each injection well are listed in Table 5.
In addition, the soft water being injected as a preflush, which started in June,
1978, is of sufficient difference in composition to act as an injection front
tracer system. Reductions in total dissolved solids and hardness ion levels
indicate the degree of preflush breakthrough to the production wells.

Water samples were taken from the eight production wells listed above at
three week intervals until the tracer injection was initiated. Since that time
samples have been taken from the production wells at one-week intervals. Complete
water analyses for the constituent cation and ion content have been performed on
samples taken every third week. The weekly samples have been analyzed by gas
chromatography for the presence of the alcohol tracers. Analysis for radio-
activity in the water samples was performed by an outside testing Taboratory.

In the two year period since injection of the tracer no alcohols have been de-
tected at the production wells. The analytical procedures used for the detection
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of Tow Tevels of nitrate and thiocyanate ions were not sensitive enough to

detect Tow Tevels of these ions (10 ppm or less), so there is a high degree

of uncertainty in the results. Fortunately, there are small retained samples

of water from the production wells which will be reanalyzed by ion chromatography
within the next few months. These data will not be available for this report.

Tritium breakthrough was detected in May, 1980 at Well S-72A, which is the
closest high-volume production well to Well S-168 into which the tritiated water
had been injected. The initial tracer count was 17 dpm/ml, which increased to a
maximum of 35 dpm/ml in August, 1980. Since that time, the tracer level has de-
clined at a fairly constant rate to a level of 10 dpm/ml early in 1982. In October,
1981, a tritium level of 2-3 dpm/ml was detected in water samples from Well S-73,
which is the closest well to S-168 by distance, but the well has a much Tower
production rate than S-72A. Also, tritium Tevels of 2-3 dpm/ml have been de-
tected in Well S-47A. None of the cobalt radioactive tracers have been detected
in any of the produced water samples. The limits of detection for the cobalt
activity is 25 dpm/1 and 1.0 dpm/ml for the tritium activity.

Preflush breakthrough has been observed in three production wells, S-12A,
S-47A, and S-72A, as a gradual reduction in total dissolved solids, chloride
Tevel and hardness ion levels. The chloride levels in the produced water from
these three wells is plotted in Figure 7. Extrapolation of the decline in the
various constituents in the produced water, compared to the normal average levels
shown for the first few months after preflush injection started, allows an esti-
mate of preflush breakthrough to be made. For Wells S-12A and S-47A, preflush
breakthrough apparently occurred during the period of November-December, 1979,
or about 17-18 months after preflush injection started. For Well S-72A, preflush
breakthrough is more difficult to estimate due to the influx of water from outside
injection wells, which may contribute two-thirds or more of the water produced by
S-72A. The decline in salinity and hardness has been much Tess than was observed
for the other wells which are fed almost entirely by the pilot injectors; but
breakthrough probably occurred during the period of July to September, 1979 or
13-15 months after the start of preflush. This agrees reasonably well with the
radioactive tracer breakthrough which started about nine months after injection.
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LABORATORY CORE FLOOD STUDIES
AND PILOT DESIGN PARAMETERS

Laboratory core flood studies have been run on unconsolidated sand-packs
prepared from preserved samples of core material from Wells S-12A and S-55B.
The core test procedure is outlined in Appendix 1. The results from a typical
core flood run, using crude oil from Well S-47A and core material from Well S-55B,
are shown in Fig. 8. On an average, alkaline injection after waterflooding the
core to residual oil saturation will produce about 0.05 pore volumes of additional
0il. The early laboratory core flood studies, using core material from Well S-12A
and results from earlier field trials performed by other oil companies, were used
to define the operational parameters of the alkaline flood pilot. Based on these
studies, the pilot injection sequence was originally designed as follows:

1. Preflush: 0.40 pore volume of softened water with a total

salinity of 7500 ppm as NaCl

2. Alkaline 0.40 pore volume of 0.2% by weight sodium ortho-
STug: silicate solution in softened water of the same
salinity

3. Postflush: 0.20 pore volume of softened water

Later work, using core material from Well S-55B, indicated that higher con-
centrations of alkaline chemical should be more effective in promoting an earlier
formation of the oil bank and in improving the areal sweep efficiency because of
a better mobility ratio. In addition, outside studies had determined that reac-
tivity of the alkaline chemicals with the reservoir rock would reduce the effec-
tiveness over time to the extent that there would be insufficient alkali present
to mobilize the crude oil if the injection concentration were too low (0.2% or
less). Based on these findings, the alkaline chemical concentration was increased
from the original design rate of 0.2% to 1.0% by weight, sodium orthosilicate.

COMPUTER SIMULATION STUDIES

A reservoir simulation computer model is being developed to attempt to pre-
dict the performance of the alkaline pilot. Modeling the pilot area is a compli-
cated process due to the differences in completion depths of the injection and
production wells. The productive intervals of the Lower Main Zone are divided
into several subzones by thin shale sections, as mentioned earlier in the section
on core analysis. Not all of the wells in the pilot area were completed to the
maximum depth of the Lower Main Zone when they were redrilled, mainly because the
sands were considered to be too depleted for economic waterflooding. Figure 9
shows the average cross-sectional depths of the net sands in the various subzones
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and the completion depths of the injection and production wells in the pilot area.

This Figure shows that fluid injected into the LM3_4 and LMjg_g subzones will be
produced only in short intervals at Wells C-30, S-72A, S-86A, and S-88. The only

deep production wells are S-12A and S-73. Production Well S-47A was not com-
pleted below the LM3 marker when it was redrilled in 1972. This well is the
central well of the inverted 5-spot injection pattern. Studies made prior to
the start of the project had indicated that there would be no problem in inter-
preting the results of the pilot project even though all the wells were not com-
pleted in all the Lower Main Zone sand intervals.

A streamline flow pattern plot based on average injection and production
rates for the period of June, 1978 to March, 1982 is given in Fig. 10. This
plot shows the flow in the LMj_3 subzones in the pilot area. Each streamtube
represents 50 B/D of fluid flow at a mobility ratio of 3. The well Tocations
are set based on the center point of penetration through the LMj_3 subzones.

No layering effects were included in the model as the entire subzone was assumed
to be homogeneous to horizontal flow. Based on breakthrough times of each stream-
line, an approximate prediction can be made for reduction in salinity levels at
Well S-47A for comparison to the observed analysis data. This comparison is

shown in Fig. 11 along with a prediction for salinity reduction which was de-
rived from the streamline program by application of a dispersion equation. This
modified prediction shows a reasonable match with historical data on salinity at
this well.

PILOT AREA INJECTION
AND PRODUCTION DATA

In the alkaline pilot area four injection wells, S-50A, S-55B, S-66A, and
S-168, have been used since June, 1978 to inject the softened water preflush and

the alkaline slug. The average daily injection rates for the total pilot area
are shown on Figures 13 and 14. The cumulative total injection volumes and the
individual injection well contributions are shown in Fig. 12. The softening and
injection plant was designed for an injection rate of 10,000 B/D. This rate was
attained during the first year of operation, but plant operational problems with
the water softening system reduced the average injection rate to about 7,000 B/D
in the second half of 1979. The injection rate averaged about 8,300 B/D in 1980
and 7,200 B/D in 1981. Operational improvements are being made to attempt to
maintain an average daily injection rate of 9,000 B/D to the end of the project.

Historical production data, giving net oil and gross fluid production for
the alkaline pilot area, are given in Fig. 13, starting in 1973. The detailed
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data for the pilot are given in Fig. 14, starting in 1979. This figure presents
the combined net oil, gross production, injection rate and the water/oil ratio
for all the pilot production wells. The same combined data for the three wells
that have shown preflush response, S-12A, S-47A, and S-72A, are shown in Fig. 15.
The individual production data for wells S-12A, S-47A, and S-72A are given in
Figures 16, 17, and 18, respectively.

To date, there has been no significant indication of response in the pilot
area to the injection of alkaline chemicals. The preflush has appeared at three
of the eight production wells, but no increase in pH or silica levels have been
detected by analysis of the produced water. A positive response to alkaline in-
jection should result in a lowered water/oil ratio and an increase in the oil
production at the production wells. Based on streamline breakthrough predic-
tions from the computer model, significant response to the alkaline chemicals
would be anticipated to occur during the second half of 1982 or early in 1983
at wells S-12A, S-47A, and S-72A. These predictions are based solely on plug
flow breakthrough and are not adjusted for the effects of dispersion and alkaline
consumption.

The preflush injection volume was 5.9 million bbls. of softened water, which
was equivalent to 19% of the total project area pore volume, or 33% of the in-
terior 5-spot pattern pore volume. The total volume of 0.2% alkali, followed
by 1.0% alkali, injected through March, 1982, was 6.5 million bbls. This volume
is equivalent to 21% of the total pattern pore volume and 36% of the interior

pattern pore volume. Alkaline injection will continue into 1984 to achieve a
total pattern injection volume of 0.40 pore volumes and an interior pattern volume

of 0.7 pore volumes. A soft water postflush will continue into 1985, followed by
normal field injection water to the economic 1imit of the project.
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APPENDIX I

LABORATORY CORE FLOODING PROCEDURE

Preserved core material from Well S-55B is extracted with toluene to remove
0il and methanol to remove water. The extracted sand is dried at 1500 C for 24
hours and screened through a 10-mesh screen to remove coarse rock particles.
Normally, sufficient dried core material is composited to provide sufficient
material for 10 to 12 core flood runs. The dry core material is packed into
plastic core holders with inner dimensions of 11 inches (27.5 cm) in length by
1.5 inches (3.8 cm) inner diameter. These core holders are fitted with end caps
sealed with rubber O-rings. About 500 g of dry material is required to fill the
holder and a typical void volume (pore volume) is about 110-120 ml.

The dry core material is saturated with filtered produced water obtained
from Aminoil's filter plant and the pore volume is calculated from the weight
difference. The permeability of the core to water is measured at this time.
The core is then saturated at reservoir temperature with crude oil from Well
S-47A, which had been obtained using a special separator. (A1l chemical treat-
ment of the producing well had been halted for a week prior to sampling.) The
permeability to oil at irreducible water saturation is measured and the initial
oil saturation is calculated.

The core is then waterflooded with 1.5 to 2.0 pore volumes of produced water
at a flow rate of one foot per day, and the permeability to water at irreducible
0il saturation is measured. The alkaline flood test is started at this point at
a flow rate of one-third foot per day to simulate typical Huntington Beach reser-
voir flow rates. The desired preflush, alkaline slug and postflush volumes are
injected, followed by produced water to the end of the run. The produced fluids

are analyzed for pH, total dissolved solids, chloride level, hardness level, and
silica level. The results are tabulated and plotted as shown in Figure 8.
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TABLE 1

CORE ANALYSIS DATA - WELL S-55B

Average 0il

Routine Core Analysis Saturation
Average Average Average Corrected to
Helium Air 0i1 Reservoir
Zone Porosity Permeability Saturation Conditions
% md % PV % PV
LMy_3 29.5 641 22.0 30.9
LM3_4 29.7 784 18.9 26.5
LMg_5 29.8 763 11.9 16.7
ZONE TOTAL 29.7 725 18.1 25.4
Range 19.7 - 43.4 2 - 8650 0 - 45.8
TABLE 2
COMPARISON OF LOG AND CORE ANALYSIS DATA FROM WELL S-55B
Avg. Helium Avg. Toluene Avg. 01l Avg. 0il
Porosity of Porosity of Saturation Saturation
Conventional Pressure From From
Core Plugs Core Plugs Conventional Pressure
Under Under Cores Cores
2300 ps 2300 psi Corrected to Corrected to Avg. 0il
Confining Confining Avg. Log Reservoir Reservoir Saturation
Zone Pressure Pressure Porosity Conditions Conditions From Log
% % % % PV % PV % PV
LMo _3 23.6 23.2 24.5 30.9 32.0 30.2
LM3_4 23.8 23.9 26.5 28.3
LMg_5 23.8 24.2 16.7 11.7
ZONE TOTAL 23.8 24.2 25.4 24.7
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TABLE 4

ALKALINE PILOT SOFTENING
DESIGN PARAMETERS

OPERATING PARAMETERS

Linear flow rate 10 gpm/ft2
Kinetic flow rate gpm/ft
Bed depth ft
Resin capacity 3

Vessel operating time
Hardness leakage
Pressure drop at 10 gm/ft2

N0 OO O
=~
«Q
=
~
—h
+
w

BACKWASH AND REGENERATION PARAMETERS

Low scrub rate 5 gpm/ft2
Gas scrub rate 10 scfm/ft2
High rate rinse 10 gpm/ft2
Acid regeneration (5% HC1) 0.33 gpm/ft3
Recirculation rate 5 gpm/ft2
Rinse rate 7 gpm/ft2
Neutralization (4% NaOH) 0.33 gpm/ft3
Recirculation rate 5 gpm/ft2
Rinse rate 7 gpm/ft2

REGENERATION CHEMICAL REQUIREMENTS

b/ ft3

HC1 (37%) g. /43

NaOH (50%)

19



08 0L X €°§

oL yOL X 171

Ol X 272 0L X £°2

GOl X t°2 0L X 6°2
28/¢ 6L/0L

TW/WdG “LoAaT
R3LAL30ROLPRY Pa3ORLU]

"6L61 ¢

6L 4890300 03 /61 /Ll 4aqueldas 4o

poL4ad ayy burdnp pajdafuL audM S[RLUIIRW UIJRUF DAOQEe Y|

lw/wdp G20°0 = 31BQO)
[w/wdp Z = wnijtd] :433eM padnpodd Ul SILWLT uoL3d9933(Q
(Lw/L3 n 0L X 1¥°2) (skep 0/2 = 2/ 1)
L) W ot Lag toL ¥0S-S /69D
(Lw/t) N 0L X 00°§) (shep 12 = 2/L 1)
L) w oy Lqg 2t v99-$ 8602
(lw/L) n ¢.0L X €2°1) (LW ,0L X $2°€) (A 927G = 2/L 1)
Low o a9 %02 456-S 0999
(Lw/t3 n gL 0) (Lw gL X 20°€) (4€ 92721 = 2/1 1)
L3 OF Lag 0061 891-S A33eM pajeLiLal
A1LALIOY |e30]1
("LOA) %26°G 199 092 ¥99-S Louedoud-
("LOA) %G9°¢€ Lag £002 891-S Louey3l3
("LoA) %80l Lag 699 v0S-S Lourylay
("amM) %89°L Lqg 061 956-S NISYHN
("IM) %62° 1 Lag €166 891-S EONeN
*LOA 40 “IM auwn [ oA LL®M J900d |
9 €*23U0) uoL3oafus uoL3oalug

ST13IM 107Id INITYATY 22 94 OINI NOILJIICNI ¥3dvdl

G 314avl

20



L J¥N9I4

S@71314 110 NISvEg S3T139NV SO

V3yv JYOHSH40
"HO8 NOLONILNNH

o

Hov3ag =

NOLONILNAH
HOV38 Tv3s
HOV3g ONOT— ;
ZINONINOA D SonvaioL
3755 SNVH03SOY\ |
==_
SITING 0
| GOOM3T9NI
43 LNID
\ A
Q v



V34V JYOHS440
@7131d HOV389 NOLONILNNH
ANOZ NIVN H43MO'1

¢ [N9IA



A B

gTTO ™
REP \ SAND

PERPSJONES

LV L4 L 7 P 1 A

\\ LOWER JON
\ 4 L

7 PUENTE ERAMATN

oWER N Aain s
A WINZZN

TOPANGA
(M. MIOCENE)

W/

CROSS -SECTION
HUNTINGTON BEACH FIELD

OFFSHORE AREA

FIGURE 3

23



FIGURE 4 o 30

LOWER MAIN ZONE

FB-22/23 ALKALINE
PILOT FLOOD AREA

24



%

POROSITY

FIGURE 5

EFFECT OF TRIAXIAL CONFINING PRESSURE ON
POROSITY OF CORE PLUGS FROM WELL S-55B

40

35

I | J 1 |

AVERAGE

——— _ = s o

RESERVOIR CONFINING PRESSURE

1 1 I I , 1

500 1000 1500 2000 2500

TRIAXIAL GCONFINING PRESSURE

25




28-d

22 84
773M NOILO3PNI
\J\ ag-d
S-1
i - MNVL 39VHOLS 3LvoIIS
08-d
- — v-1
* L d MNVL 39VHOLS J1LSNVD
-
S8
o33 —t - 9-d
o
4 e-1
b-d 2-d - — YNVL 39VHOLS QI9V
!
> - i
A
| WYVd YNVL
- - Y31vM
£d - = O_ 3 Q30N00Yd
praegemer——
1@"' 2-1 ~ 23 NM -1 Q/M8 00S2
WNVL  394NS me Y HE ¥NVL  39unS
¥3LVYM 1408 zQ z3 Y3ILVM MVY | q/mg 00SL
p— eccte——
2 2 Y a MSM

INVd 1071d Q0014 J1LSNvI

WVHOVIQ MOT4 S3ILINIOV4 30V4uNS

9 NII

26



PPM

CHLORIDE LEVEL,

FiGcure 7

CHLORIDE LEVELS IN ALKALINE P1LoT PRODUCTION
WEHLS: S—lZﬁ, S-47A, AND S-72A |

15,000 -

14,000 +

13,000 -

12; 000 b

ll) 000 i

[TTTTTTITT T T I I I I I T I T e T e e e e e et e i

10,000 -

1 r-
i [
=] N
el n
ER !
L-d 7 -1 : L.J": E} : |
7L ¥
11l
|
1
?g S-72A
S-12A
S-47A
oo b b oo

1978 ' 1979 ' 1980 ' 1981 T 1982

27




0°L-00S

0°'8-000!

06 - 00SI

Hd

wdd - ssaupaey €poe)

(3L33CNI 3FWNT0A 340d

S ov G'e oe G2 0'¢ Sl o'l G0
LI e ey Bl B R
7~ //.x;
~” ~
X\ ~
7/ >N~
7 X
7 AN
7 ——N\
x’ N
/ AN
/ X,
7 \
/ RN -
070 O\r\ /( 0

l-lll\\o\
.\.lll..‘..lnlo
o . oII.ll\o\
vl —_ v}
O . X
w (e») m
— BN m
| —
— = (any
. ) Gl R g
%€9 = S -
Aeq/14 €/1 = @30y MO 4 <%
(0 otZ) 4 059L = 1 IS
lWw G 2LL = Ad
] _ _ | I |

20

2]
(o
d3donaoydd 110 Ad

.
o

G0

90

Y/p=S T13IM WOd4d TI0 3ANYI ANV 95S-S T13IM
WOY4 TYIYILYW FH0D Q3IAYISI™d INISN A00T4 FJH0I AHOLYVH0EYT

8 JUNII4

28



SY3INYVW 3INOZ8NS

S/ ik
-00b
— T X
X
— —00¢
v_z.._ 682
_ X
W — X861 0%
L.001
Sn 2¢
| 0
" r—r r rr r r r r r
0og-9 €L-S ool-r 88-S v98-S velL-S V.iv-S vel-s 891-S vGG-S 8G6G-S VOG-S
S113M  NOILONA0Hd ST113M  NOILO3PNI
6 34n914 103r0dd 107Id 3NITVAIV £€2/722 84 ZNW

TVAY3LNI NOIL31dWOD

29

39VYHAV - ANVS 13N



FIGURE 10

ALKALINE PILOT AREA
STREAMLINE FLOW
PATTERN FOR FB 22/23

(LMj_3 SUBZONES)

-f'Injection Front at
500, 1000 Days

Each Stream Tube Represents
a Flow Rate of 50 B/D
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FIGURE 11

ACTUAL AND PREDICTED CHLORIDE LEVELS
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PropucTiON DATA ForR WELL S-12A FIGURE 16
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PropucTIiON DATA For WELL S-47A F1eure 17
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ProbucTioN DaTa For WELL S-72A

Ficure 18
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