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Abstract

The Petro-Plug process using bentonite and gravel to plug oil and gas wells was field tested by
the Rocky Mountain Oilfield Testing Center (RMOTC). The process was used on two wells (1
13-A-10 and 65-AX-1 5) at the Naval -Petroleum Reserve 3 (NPR-3) in Natrona County,
Wyoming. The selected wells were inactive water injection wells and had been perforated in
the Second Wall Creek formation at depths below 3200'. The production casings were filled
with bentonite from Plug Back Total Depth (PBTD) to a minimum of 100' above the
perforations. They were pressure tested to the Wyoming Oil and Gas Conservation
Commission (WOGCC) requirements and passed. The wells were then filled with alternating
intervals of peagravel and bentonite to the surface. The production casing was not removed
from either well bore, nor were they cemented back to surface, so the annular space from
surface to a minimum depth of 25' was filled with bentonite. The production and surface
casings were then pressure tested and met the WOGCC requirements. A schematic diagram of
each well is attached illustrating what was accomplished.

The process will provide an effective alternative to well abandonment using cement.
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TECHNICAL DESCRIPTION:

This process uses bentonite to plug and abandon cased oil and gas wells. The bentonite is placed in the
well casing from Plug Back Total Depth (PBTD) to a minimum of 100' above the top perforations.
Gravel is then placed on top of the bentonite. Alternating intervals of bentonite and peagravel are
placed to the surface. The annulus between the production and surface casings is filled from the surface
to a minimum depth of 25' with bentonite.

PROBLEM:

When a well bore is drilled, a conduit is formed that may allow hydrocarbons to migrate into fresh
water formations. Casing is placed in the well bore and cement is pumped down the casing and up the
outside to form a seal to prevent the migration of fluids between formations. The casing is then
perforated in hydrocarbon bearing zones to allow gas & oil to be produced. When the producing zones
are depleted, the well is shut in. If no further commercial hydrocarbon production can be found, the
well must be abandoned and the casing and perforations are plugged.

The currently approved method to abandon oil and gas wells is to pump a cement slurry, through
tubing, setting cement to cover the perforations and isolate other formations from migrating through the
casing should it fail later. Pump trucks are required to transport, mix and pump the cement into the
casing. A rig is required to run the tubing in to the well to place the cement. This process is successful
but is expensive due to the equipment required.



SOLUTION:

Bentonite is used to provide an effective seal in the casing and across the perforations. The
bentonite must be placed in the casing dry and allowed to hydrate. Based on a test conducted
by the Montana College of Mineral Science and Technology in 1994, when bentonite hydrates,
it will increase in volume by 50% over the dry state creating an effective seal. The aim of this
testing program was to find a reliable method to place the bentonite in the well casing at the
proper depth.

The problem of placing the bentonite in the casing was solved by selecting the proper size and
form for the bentonite, and dropping the product from the surface into the production and
surface casings.

When the bentonite is placed in the casing across the perforations and allowed to hydrate, a
plug or seal is formed. The plug is then pressure tested to prove its integrity. The Wyoming Oil
and Gas Conservation Commission (WOGCC) requires that a well plug be pressure tested to a
minimum of 300 psi and hold for 15 minutes.



OPERATION:

The casing is first filled with water. The bentonite plugs (1.250" X 1.250") are dropped from
the surface at the minimum rate of one box (40 lbs.) every five (5) minutes and fall to the
bottom where they hydrate. The bentonite is placed from PBTD to a minimum of 100' above
the top perforation. Peagravel is placed above the bentonite at the minimum rate of one barrel
(55 gal.) every eight minutes. Then intervals of approximately 50' of bentonite and 1400' to
1700' of peagravel are placed in the casing up to the surface. The peagravel is used to provide
structural support to the casing wall and to provide a porous medium filled with water to ensure
that the bentonite stays hydrated.

Next, the casing head is removed and the annular space is opened. The annulus is filled with
water and bentonite plugs (.375" X .375") are dropped in at the minimum rate of one sack (50
lbs.) every 3 minutes where it hydrates and seals. The annulus is filled with bentonite to within
25' from surface.

Both the production and surface casings are pressure tested to ensure the minimum
requirements of the WOGCC are met. The well head is then sealed with a dry hole marker to
complete the abandonment requirements.

BENEFITS:

1 The bentonite will not crack or break.
2. The bentonite will seal casing leaks.
3. The bentonite continues to seal when ground motion occurs.
4. The bentonite will expand to fill breaches.
5. The bentonite and gravel can be removed by circulation.



TEST WELLS:

The test was conducted by RMOTC on Department of Energy (DOE) wells 13-A-10 0 and 65-
AX-1 5 at the Naval Petroleum Reserve 3 (NPR-3) in Natrona County, Wyoming.

Well 13-A-10 was drilled to Total Depth (TD) of 3540'. The surface casing (10.7511 x 32.75#)
was run to 843' Kelly Bushing (KB). The production casing (5.5" X 14#) was run to 3508' and
the well was cemented to Plug Back Total Depth (PBTD) of 3474'. The well was perforated
from 3379'-3439' with two shots per foot.

Well 66-AX-16 was drilled to TD of 3476'. The surface casing (8.625" X 24#) was run to 190'
(KB). The production casing (5.5" X 15.5#) was run to 3460' and the well was cemented to
PBTD of 3372'. The well was perforated from 3276'-3339' with two shots per foot.

Both wells were inactive water injection wells used in the Second Wall Creek waterflood
project.



TEST RESULTS:

Well 13-A-10 was plugged on 16-Oct-97. The bentonite was placed from PBTD 3408' to 3208',
171' above the top perforation at 3379'. Then 47' of peagravel was placed on top of bentonite,
bringing TD to 3161'.

On 20-Oct-97 TD was 3165' as gravel and bentonite had settled to bottom. The casing threads
were burred, so a pressure test with a water truck could not be done. The casing was filled with
water to surface and observed. No water loss occurred during a 15 minute interval. The
pressure exerted on the bentonite was calculated at 1370 psi. This production casing test met
the WOGCC requirements. (See Chart 1).

The production casing was plugged to surface with alternating intervals of peagravel and
bentonite. The casing head was removed and the annular space was filled with water and
bentonite. Fifty (50) ft. of bentonite was placed from TD @ 843' to 793'. A cement basket was
installed at 43' and sacrete was poured in, to form a bridge. Water and bentonite were poured
into annular space to the surface. The casings were sealed and pressure tested on 1 11-Dec-97
and met the WOGCC requirements. (See Well Diagram 13-A-10).

TEST RESULTS:

Well 65-AX-15 was plugged in December of 1995. The bentonite was placed from PBTD
3372' to 3148, which was 128' above the top perforation at 3276'. The well was pressure tested
to WOGCC requirements. (See Chart 2).

In October of 1997 the well was plugged to surface with alternating intervals of peagravel and
bentonite. The casing head was removed and the annular space was filled with water and then
bentonite. (See Well Diagram 65-AX-15).

The well was pressure tested to WOGCC requirements. (See Chart 2).



















TECHNICAL OBSERVATIONS:

1. Several methods of application of the bentonite into the well casing were tried. The size
of the bentonite plugs requires careful consideration for each application.

2. The extruded bentonite plugs (1.250" x 1.250"), when placed in the casing, fell to bottom
without bridging. This product was used to cover the perforations in the deepest
intervals, and no problems were experienced in application or sealing.

3. The minimum time to pour a (40#) box of the bentonite plugs was five (5) minutes. The
average linear fill was four (4') per box. The depth to top of bentonite should be verified
frequently by wireline measurement to assure the bentonite has reached bottom.

4. The peagravel is buoyant and will bridge off if poured into the well too rapidly. The
minimum time to pour a (55 gal.) barrel was 8 minutes.  The average linear fill per barrel
was 46'. The depth should be verified frequently by wireline measurement.

5. On well 13-A-10, the seal in the annular space failed on the pressure test. The bentonite
was placed from surface to 43' and allowed to hydrate. When pressure tested the
bentonite washed out. A cement basket was installed at 43' and four 80# sacks of sacrete
were poured into the annular space to form a bridge. Bentonite was used to fill the
annular space (36') to the surface. The surface and production casing were pressured to
320 psi and held for 15 minutes.

6. On well 65-AX-15, the bentonite plug fell 44' from the original PBTD of 3148' to 3192'.
This drop occured during the sand pumping of the well to remove a bridge formed by
gravel. Additional bentonite was added to the well to meet the WOGCC requirements.

7. Candidate wells must be evaluated on an individual basis. The criteria should include,
but not be limited to, the following:

! Total depth
! Deviations of well bore
! Casing size
! Casing ID (caliper tool should be run)
! Bottom hole pressure
! Fluid depth



SUMMARY

The Petro-Plug bentonite plugging process for cased oil and gas well abandonment was
successful. Several methods of application and different sizes of bentonite products were used
in this test. The extruded bentonite plugs (1.250" x 1.250") provided the most reliable results
when poured into the well at a minimum rate of 5 minutes per 40# box. The peagravel should
be poured in at a minimum rate of 8 minutes per (55 gal.) barrel. Frequent measurement by
wireline should be conducted to verify bridging has not occurred. Pressure testing of the seal
should be done after the perforations have been covered and before further bentonite or gravel
is placed in the well. Cost analysis are not included in this report.
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MANUFACTURER:

Petro-Plug, USA. LLC of Casper, Wyoming, holds the patent application No. 08/532,420 for
"Drill Hole Plugging Method Utilizing Layered Sodium Bentonite and Liquid Retaining
Particles."

TITLE: Petro-Plug Bentonite Plugging
INVENTOR: Maurice James

Petro-Plug, USA, LLC.
106 Big Horn RD.
Casper, Wyoming 82601

PHONE: (307) 473-8696
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