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Introduction

Using water-cement slurries to shut off unwanted
water in oil wells is well known. The slurry is rela-
tively cheap and, where it is immediately successful
and oil production can be regained with a minimum
of trouble, its use is recommended. Where the water
slurry is not adequate, that is, where squeeze pres-
sures are difficult to develop and huge volumes of
cement are required to obtain the needed results,
the use of the DOC slurry should be investigated.
When the two types of slurry are compared on the
price-per-volume basis, the DOC slurry is more
expensive, but experience shows the cost of the
DOC squeeze is much less when the price of the
entire job is added up. The reasons for this differ-
ence are:

1. Less cement is needed. Sometimes the slurry
required is a small fraction of the normal vol-
ume of a water slurry.

2. There is less damage to the producing
formation.

3. The ratio of successful applications under very
difficult conditions is much higher.

DOC is particularly good on channel jobs.

In spite of all the good results, some troubles re-
main. One popular thought is that the DOC slurry is
a selective means of shutting off water in an oil well.
Many jobs have been performed where no remedial
work was required to regain production, but these
cases were the exception, not the rule. This slurry is
like a sponge, and where there is water in the for-
mation, whether it be in the oil or the water zone, it
will be sucked into the DOC slurry, and the amount
of set cement found opposite any zone is in propor-
tion to the quantity of water in the zone.
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Components of the DOC
Slurry

1. Diesel oil or kerosene (as water free as
possible).

Crude oils are not recommended because of
their varying composition, unknown water
content, and frequent contamination with emul-
sion breaking chemicals. Some can be used, but
each one should be checked before attempting
to mix a slurry.

2. Standard or premium cement is preferred.

High early-strength cement can be used, but
because of its greater surface area and fineness,
higher oil-cement ratios must be employed to
obtain a pumpable slurry. Retarded oilwell
cements give a heavier slurry ( a smaller oil-
cement ratio is possible), but these cements are
not necessary because the Portland cement
slurry will not set until it contacts water. In
addition, sets will have lower compressive
strengths. Using POZMIX® cement is not recom-
mended. Laboratory studies show that water
absorbed in the slurry is adequate to set regular
cement but is insufficient to properly set
POZMIX cement.

3. The DOC-3 surfactant  (Part No. 70.15494)

a. It permits adding twice as much cement to a
given volume of oil.

b. The slurry has better pumping characteris-
tics, which also helps when it is reversed
from the well.

c. The set slurry has a much lower permeabil-
ity.

d. The set slurry has a much higher compres-
sive strength.

One of the good properties the DOC-3 gives to the
slurry is the ability of water to come into the slurry.
The slurry actually makes a capillary system that
draws the water into the slurry like a sponge. This is
important because it means the individual cement
particles are still preferentially water-wet. As a
result, the water-wet mass will stick together and
set up hard. The slurry also takes in water, even
when there is a zero differential pressure.

Closely related to the water wetability is the ability
of the slurry to thicken on hitting water. This means
small volumes of slurry can do the job, and the

slurry is particularly good against thief formations.
This thickening is not related to a flash set. It is
more comparable to a powder which pours freely
when dry but sticks together and will not pour
when dampened with water. If the slurry will not
thicken, water will not come into the slurry by capil-
lary action.

Surfactant Diesel Oil Surfactant

DOC-3 100 0.75

Table 15-1 serves as a guide for preparing the
slurry.

gal gal
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DOC Slurry Weights

As shown, the slurry weight varies inversely with
the oil-cement ratio. For a guide, Fig. 15-1 gives a
continuous reading of slurry weight to oil-cement
ratios based on diesel oil weighing 6.86 lb/gal.

The main factors that affect DOC slurry weights are:

1. Water in the oil causes low weights.

The sensitivity of DOC slurry to water contami-
nation of the diesel oil is related to the thicken-
ing action of the slurry when it is water-wet.
When water contamination is present in the
diesel oil, a much less concentrated and lighter
slurry is mixed. Contaminated water present to
a concentration of 0.5% causes the slurry weight
to drop from 16.2 lb/gal to 14.5 or 15 lb/gal.

This water seems to have many sources and has
been traced to the supplier, the tank truck
bringing the diesel oil to the location, and
Halliburton trucks. Regardless of the source, it
has caused considerable trouble in anticipating
the volume of oil needed for a job. However, the
variance in slurry weights caused by water in
the oil is even more noticeable where DOC-3 is
not used.

There is a simple method that can be used to
detect water in oil. Drop a small amount of the
oil in question on a very hot surface. If water is
present, there will be considerable sputtering
and sizzling as the water is quickly vaporized.
A water-free oil will just fume and smoke.

2. Bentonite in the cement will absorb most of the
DOC-3 out of the oil, destroying its dispersing
properties.

When mixing DOC slurries, make every effort to
use dry oil, and mix the slurry as heavy as feasible.
Many jobs have been successful with lightweight

slurries, but  there is a better chance of success if a
slurry with the highest solids-to-liquid ratio pos-
sible is mixed.

If this slurry was not sensitive to small amounts of
water, the beneficial effects, such as extreme thick-
ening of the slurry when it contacts water, and the
success that has been obtained in field applications
would not be possible.

Drying of the Diesel Oil in the Field

One of the main problems of preparing DOC slur-
ries is the presence of water contamination in the
diesel oil, which causes the mixing of a slurry that is
both light and thick. This light slurry gives much
weaker sets and does not allow formation water to
penetrate the slurry as easily.

Since nearly all the effects of water contamination
are bad, the most common-sense method of dealing
with this problem is to eliminate the water. Several
water removers have been tried, and most of these
will work. Dry sand is the cheapest. About 20 ft of
very dry sand in 4-in. casing should take most of the
contamination water out of the diesel oil just before
use. However, to be efficient, the sand should defi-
nitely be dry. Angular sand, rather than round sand
(fracturing sand), works best. The simple act of
repacking with new sand renews the filler in this
water remover.

Techniques of Squeezing

No general recommendation on how to squeeze the
well exists. The best method for any area must be
developed by field use and common sense. Staging
is a familiar method and has worked very well in
some areas. In others, the cement must be pumped
at a steady rate, or no cement is forced out of the

Table 15-1: A Guide for Preparing the Slurry

Diesel Oil

4 gal/sk 5 gal/sk 6 gal/sk

400 gal 500 gal 600 gal

DOC-3 3 gal 3.8 gal 4.5 gal

Portland Cement 100 sk 100 sk 100 sk

Slurry Weight 16.1 lb/gal 15 lb/gal 14.1 lb/gal
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Since water continues to penetrate the slurry until it
sets, that portion contacted last will require addi-
tional time to set.

In the past, as much as 72 hours were allowed for
WOC time, but now 18 to 24 hours seems adequate.
In many cases, as little as 6 hours will give enough
strength to resume normal well operations.

Summary of Compressive Strength
Data on Set DOC Slurries

Tables 15-2 through 15-7 cover the use of 1% cal-
cium chloride, based on the weight of cement, as an
additive to the cement before it is mixed with the
diesel oil and surfactant solution. The mixes were
made using a higher percentage of calcium chloride,
but the effect of these higher concentrations on the
strength of the resultant sets was not determined.

Water was forced through the slurry under 10 psi
differential pressure, and the cement set at the des-
ignated temperatures for a specific time.

The tests were made using Portland cement and sets
were made at 130°F to show the effect of different
waters on the set of the slurry.

These tests used Portland cement and water from
the Cockfield formation, 5,100 ft, Conroe, TX, Site
Unit "CTOU" #97, Well #1, 168°F formation tem-
perature.

wellbore. The following methods have shown con-
siderable promise in regaining production:

1. Where possible, pump all of the slurry into the
formation and over displace with 2 to 4 bbl oil.

2. Where squeeze pressures are obtained in rela-
tively low-pressure formations and the slurry is
in the hole, reverse all of the slurry out of the
hole. This greatly reduces the quantity of ce-
ment that will set up opposite the oil-producing
part of the formation.

3. Since experience has shown that water forma-
tions normally fracture before oil formations,
one DOC squeeze technique is to stop squeezing
immediately after the second break in squeeze
pressure. The first pressure break occurs when
the DOC slurry fractures the water formation.
The DOC slurry thickens when it contacts wa-
ter, causing the squeeze pressure to rise again.
The next break in pressure almost always occurs
in the oil zone. Therefore, the squeeze is
stopped to prevent blocking the oil formation
with DOC slurry.

4. In general, use the lowest practical squeeze
pressure to prevent damage to the oil formation.
Local conditions dictate the best squeeze pres-
sure for that area.

5. Where there is trouble getting enough slurry
into a formation to get a successful treatment,
try prefracturing the formation by heading in
with oil. Follow with the DOC-3 slurry, pump-
ing it as fast as possible. If this fails, try leading
into the formation with DOC-10 and tailing
with DOC-3.

DOC-Frac Process

Since water-bearing formations are generally
weaker than oil-bearing formations, a regular DOC
treatment is applied first. As soon as the DOC slurry
thickens against the water formation, the excess
slurry, if not all displaced, is reversed out, and a
hydraulic fracturing treatment is performed. The
water-thickened DOC slurry prevents this fracture
from occurring in the water zone. The DOC-Frac
process is particularly successful where channel jobs
exist.

WOC Times

The cement will start its hydrating or setting process
as soon as it contacts water. Therefore, that part of
the slurry will set in normal Portland cement times.
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Standard DOC formula:

4 gal diesel oil/sk cement with DOC-3 present
as 0.75% of diesel oil.

Where calcium chloride was used, 1% was added to
the cement before mixing with the diesel oil-DOC-3
solution.

Table 15-2: Summary of Compressive Strength Data on Set DOC Slurries

Time

Compressive Strength (psi)

Fresh Water Synthetic Brine

  2 hours 1,500 2,080

  4 hours 2,350 4,105

  6 hours 3,085 4,895

  8 hours 3,550 5,425

10 hours 4,163 6,000

Table 15-3: Chemical Composition of the Brine

Specific Gravity 1.055

pH 7.3

Total Dissolved Solids 81,340 ppm

Calcium 4,370 ppm

Magnesium 830 ppm

Chlorides 46,380 ppm

Sulfates 230 ppm

Bicarbonates 70 ppm
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Table 15-4: Compressive Strength of DOC-3

Time

Compressive Strength (psi)

Regular Slurry Calcium Chloride Slurry

2 hours 1,706 2,320

4 hours 4,443 4,940

6 hours 6,040 6,220

The greatest compressive strength differential oc-
curs at the shorter curing times.

Table 15-5: Chemical Composition of the Water

Specific Gravity 1.046

pH 7.5

Total Dissolved Solids 69,060 ppm

Calcium 550 ppm

Magnesium 500 ppm

Chlorides 40,700 ppm

Bicarbonates 3,610 ppm

The tests were made using Portland cement from
the Rocky Mountain area but not the same as used
in the first two tests. Water is from the Hamilton
Dome Field and is known as Big Horn Water. The
formation temperature was 121°F. Formulas for
preparing the slurry are the same as described in
Table 15-3.
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Table 15.6: Summary of Compressive Strength Data on Set DOC Slurries

Time

Compressive Strength (psi)

Regular Slurry Calcium Chloride Slurry

2 hours   426 1,950

4 hours 1,340 3,510

6 hours 2,420 4,680

Table 15-7: Chemical Composition of the Water

Specific Gravity 1.000

pH 8.3

Total Dissolved Solids 2,360 ppm

Calcium 40 ppm

Magnesium none

Chlorides 590 ppm

Sulfates 920 ppm

Carbonates 10 ppm

Bicarbonates 110 ppm
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The preceding results clearly show:

1. The compressive strength of the set slurry in-
creases with temperature.

2. The compressive strength of the set slurry de-
pends on the salt composition of the formation
water.

3. Calcium chloride increases the compressive
strength of the set slurry.

The main advantage of using calcium chloride is
that with greater compressive strengths, the well
can be placed on production in a shorter time, sav-
ing the operator valuable rig-time expense. How-
ever, the affect of calcium chloride is more
noticeable at a relatively low temperature and
where the salt concentration of the brine is low.

Fluid-Loss Discussion

There has been considerable confusion about the
fluid loss of DOC slurries. Some special low fluid-
loss oils have been used to prevent lockup of the
slurry before enough slurry can be put away into
the formation. This theory is wrong. The lockup is
caused by the thickening action of the slurry when
contacted by water. It is not caused by fluid loss.

Low fluid loss is not really needed in most cases.
Some formations accept small amounts of DOC
slurry because the formation is not readily frac-
tured, and water contacts the slurry before the frac-
ture can start. To prevent premature lockup
(thickening of the slurry with water), precede the
slurry with a light oil in an effort to start a fracture
before the slurry arrives.

If low fluid loss is needed, the slurry, as normally
prepared with DOC-3, has a low fluid loss, 50 to 100
cc, in the regular Baroid filter press test. This fluid-
loss property is not present without DOC-3. Water
contamination causes greater fluid loss.

The filter cake formed by DOC is not hard, and it is
readily washed off by oil, if water has not first con-
tacted the cake.

Adomite has often been suggested as a low fluid-
loss additive. Adomite does not function as a low
fluid-loss material in DOC. In fact, it may actually
increase fluid loss and cause other harmful effects.

Calcium chloride is an excellent low fluid-loss addi-
tive for DOC slurries. It reduces the fluid loss to
about 10 cc. Moderate water contamination actually

causes a decrease in fluid loss, less than 5 cc, when
calcium chloride is used.

Recompletion

Recompletion is a difficult subject because methods
used in one area are not successful in another. The
best circumstance is when the only remedial work
required is bailing the unset slurry from the hole.
For the other cases, the following methods and
combinations can be considered:

1. The method of squeezing, reversing, and dis-
placing the slurry is a factor.

2. Reperforation in casing.

3. Small MCA treatment. Pump until a break in
pressure is obtained to reduce the possibility of
regaining water.

4. Pump oil into the formation.

5. Perform a small fracture job.
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HYFLO®

In low pressure formations, successful applications
are performed using small quantities of HYFLO
ahead of the DOC slurry. The aim is to remove the
water from the oil-bearing formation before the
DOC slurry can make contact. CAUTION: There is
always a possibility that the chemical treatment
could remove the water from the water zone and
not set any cement in the hole. Use about 1/2 gal
HYFLO/ft of known oil-producing formation, mix
in the diesel oil or light crude oil in a ratio of 1/2 gal
chemical/2 bbl oil and pump into the formation at a
rapid rate. Displace with about 1 or more bbl oil and
pump DOC squeeze slurry. HYFLO can be used in
this manner to precede the DOC-Frac treatment.

Other Uses and Mixes

The DOC slurry has been used with a great deal of
success to mend holes in corroded and split pipe,
but water must be present to set the slurry. How-
ever, water can be pumped ahead of the slurry to
provide the water to set the cement once it is in
place. Some success has been noted where it was
used to combat lost returns. Typically, a mixture
using equal weights of cement and bentonite, mixed
at a ratio of 8 to 11 gal diesel oil/sk of bentonite-
cement mixture is used. DOC-3 is not used here as
the large proportion of bentonite will cause extreme
thickening of the slurry when contacted with water,
and the cement will give some strength to the mass.

Cal-Seal, with and without Portland cement, has
been mixed with diesel oil and DOC-3. The best
slurry mixture is 25% Cal-Seal and 75% cement by
weight. The slurry is prepared in exactly the same
manner and proportions as the regular DOC slurry
and, in some cases, can do a better job than just
Portland cement.

Sand in DOC Slurries

When a stronger set and a heavier slurry is re-
quired, sand makes a good additive to DOC slur-
ries. The sand also increases slurry bulk or fill up
without using additional cement or diesel oil.

A suggested mix which will give better than 18.1
lb/gal slurry is a 50-50 sand-cement blend. This
blend makes a slurry requiring only 1.88 gal of
diesel oil/94 lb of the 50-50 sand-cement blend.

Compare this with 4 gal of diesel oil/sk (94 lb) of
neat Portland cement. Of course, in field conditions,
a regular DOC slurry will mix at more than 4.5 to 5
gal/sk, so 1.88 gal/sk (94 lb) of the blend may not
be attainable, but 2.5 or 2 gal/sk can be achieved.

Many cement-sand blends are possible from 66%
cement to 66% sand (by weight), and only experi-
ence will tell which is best. These percentages repre-
sent only the range tested in the laboratory. More
extreme percentages can be tried if necessary.

The sand should be in the range of 40-60 mesh frac-
turing sand. Coarser sand settles out of the slurry
too fast. Sand finer than 100 mesh to 200 mesh
causes lighter slurries (but still heavier than neat
Portland). Creek sand has possibilities for use, but it
must be dry, and clay and silt should be removed.

Oil-Wetting of Cement
in DOC Slurries

The cement particles are not thoroughly wet by the
oil in a freshly prepared DOC slurry. The longer the
cement is in contact with the oil, the more oil-wet it
becomes and the harder it is for the water to pen-
etrate the slurry and give a good set. This oil-wet-
ting takes place faster at higher temperatures. For
instance, the slurry will still accept water fairly well
if stored at 80°F for 8 days.

Preparing the DOC slurry in clean, dry tanks with
dry diesel oil or kerosene is the best policy. Portland
cement is preferred, and the recommended quanti-
ties of DOC-3 should be used. Do not use pozzolans
and bentonite in the slurry.

The mention of MORFLO® II and HYFLO® is not
intended to preclude their use ahead of DOC, but
care should be taken to keep HYFLO and MORFLO
II from direct contact with the DOC slurry by using
separate tanks for mixing and using an oil spacer
between the materials.

Some crude oils contain natural surfactants which
can poison the DOC slurry because they prevent
water from entering the slurry and causing its set.
For that reason, using diesel oil or kerosene is rec-
ommended to prepare the slurry. This fact may also
explain why some of the squeezes do not have set
DOC opposite the oil zone. Using crude as a spacer
or blanket ahead and behind the DOC slurry is
questionable. Diesel oil is preferred.



Section 15

Diesel Systems

15-12 January 1996

Cementing Technology Manual

Where the oil-bearing formation is oil-wet, use only
a very small quantity of oil ahead of the DOC
slurry. An oil-wet formation does not generally
have a continuous water phase around formation
particles. Therefore, any appreciable oil pumped
ahead of the slurry will sweep the water out into the
formation and away from the wellbore, and water
cannot contact the slurry to cause its set. A water-
wet formation has a continuous water phase around
formation solids which forms a flow pattern for the
water to contact and set the slurry. Using HYFLO or
MORFLO II is not recommended ahead of the DOC
slurry where the formation is oil-wet. Most oil-
bearing formations are water-wet. However, oil-wet
formations should be kept in mind if the DOC
slurry does not seem to be setting. Reduce the
amount of oil pumped ahead of the slurry to just
enough to separate the slurry from water in the
tubing.

High Weight DOC Slurries

There has been a request for a weighing material for
DOC, especially in areas where high mud weights
are required. HI-DENSE® No. 3 (Halliburton Part
No. 70.15349) was suggested and tested. There
should be little or no variation from the regular
mixing or treating technique. Table 15-8 was pre-
pared from laboratory data.

Since many times a 16.2 lb/gal slurry is unobtain-
able because of water in the oil or bentonite in the
cement, the slurry weights in the table may not be
attainable. Therefore, take extra precautions to keep
water out of the diesel oil and gel (bentonite) out of
the cement.

Table 15-8: High Weight DOC Slurries

HI-DENSE  No. 3 lb HI-DENSE No. 3
Cement Mix

/gal Diesel Oil
Slurry Weight

lb/gal (of Slurry)
lb Cement

/gal diesel Oil/sk of Cement /lb of Cement

None None 23.50 16.2 23.5

  23.5 0.25 29.40 17.4 23.5

  47.0 0.50 35.25 18.4 23.5

  94.0 1.00 47.00 21.5 23.5

117.5 1.50 52.40 23.2 23.5

118.0 2.00 61.20 23.5 21.9

235.0 2.50 63.30 23.9 16.8

®
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Reasons for DOC Not Setting

Several cases were reported where DOC slurries did
not set, either because the slurry did not contact
water or was contaminated with other chemicals.
Some chemicals cause the cement to become oil-wet,
which prevents water-wetting and the subsequent
setting of the slurry. In addition, some chemicals
develop a capillary barrier that blocks the entrance
of water into the slurry. DOC-3 does not develop
such a barrier but actually helps the water enter the
slurry. Examples of the type of chemicals that
should not be mixed in the DOC-3 slurry are:

1. Adomite

2. All ordinary soaps and detergents

3. MORFLO® II

4. HYFLO®

5. Emulsion treating chemicals

6. Competitive HYFLO chemicals, such as the
Atpets and Control flow

7. Cement retarders, such as HR®-4 and HR-7,
greatly retard the set of DOC, and their use is
not recommended. As surfactants, they prevent
water entry into the DOC slurry.
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Fig. 15-1: Slurry Weight vs. Diesel Oil:Cement Ration for DOC-3.
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Field Mixing Instructions
for DOC-10

Purpose: DOC-10 is a diesel oil cement slurry that
will not thicken when contacted by normal volumes
of water. Apply it where deep penetration of the
formation is needed. It may also be applied where
premature “lock-up” of regular diesel oil cement
(DOC-3) prevents a successful treatment. Using
DOC-10 as a lead-in slurry ahead of diesel oil ce-
ment (DOC-3) is one of the best applications.

For thief zones, communication behind the casing,
and normal water shut-off applications, regular
diesel oil cement with DOC-3 is still the recom-
mended product.

Composition and Properties: DOC-10 is identical to
regular diesel oil cement except it substitutes DOC-
10 for DOC-3. Slurry weights and fluid-loss behav-
ior are comparable to diesel oil cement (DOC-3).
The failure to thicken when contacted with water is
the major difference. Laboratory tests indicate the
set slurry will be stronger than regular, water-based
Portland cement.

Mixing: To prepare a DOC-10 slurry, DOC-10 is
required in the ratio of 3 gal/1,000 gal of dry diesel
oil. This chemical is blended into the diesel oil be-
fore adding the cement.

Treating Technique: DOC-10 will provide consider-
able freedom of action. Protecting the slurry from
premature water contact before it reaches the for-
mation is beneficial but not absolutely critical as it is
with diesel oil cement where DOC-3 is used. Ac-
cepted field techniques for regular cement squeeze
should be satisfactory for the DOC-10 slurry.

At the completion of the squeeze, excess slurry can
be reversed out. Although DOC-10 is relatively
insensitive to water, with enough time and water, it
will eventually harden.

Selectivity in shutting off water without damaging
the oil zone can be increased by preceding with a
small HYFLO® treatment.

WOC Time: The WOC time will be the same as for
an ordinary water-cement slurry under the same
conditions. Even if there is not enough differential
pressure to force water into the DOC-10 slurry, this
compacted cement (even though unset) could be an
effective barrier to water coning.
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DOC-10 Surfactant,
Diesel Oil Cement

Description & Primary Function: DOC-10 surfac-
tant is part of the Diesel Oil Cement system. DOC-
10 is added to the system because the slurry will not
viscosify when contacted by normal volumes of
water. DOC is a cement slurry prepared with hy-
drocarbon and cement. The principal application is
in remedial cementing to help control unwanted
water production. It helps control lost circulation
and repair corroded and leaking casing.

Safety and Handling Procedures: Avoid contact
with skin and eyes. Flush affected areas with water.
Apply neutral oil to eyes.

Properties:

Additive: DOC-10 Surfactant

Part No.: NIS.65

Specific Gravity: 0.95 to 1.0

Form: liquid

Color: yellow

How packaged: 5 gal

Bulk Density: 7.92 lb/gal

Odor: acid

Normal Range of Use in Wells:

Temperature: 60°F to 300°F (16°C to 149°C)

Concentration: 3.0 gal/1,000 gal diesel

Special Information:

Usage Restrictions: Make sure no water contacts
the DOC during mixing.

Effect of Slurry Properties:

1. increases thickening time

2. decreases strength
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DOC-3 Surfactant,
Diesel Oil Cement

Description & Primary Function: DOC-3 surfactant
is part of the Diesel Oil Cement system. DOC-3 is
added to give the slurry the ability to absorb water
and to lower the oil/cement ratio which results in a
higher compressive strength on contact with water.
DOC is a cement slurry prepared with hydrocarbon
and cement. The primary application is in remedial
cementing to help control water production.

Secondary Effects: It helps control lost circulation
and repair corroded and leaking casing.

Effect on Other Additives: DOC-3 has no major
effect on other additives.

Safety and Handling Procedures: Avoid contact
with skin and eyes. Flush affected areas with water.
Apply neutral oil to eyes.

Properties:

Additive: DOC-3

Part No.: 70.15494

Specific Gravity: 0.907

Form: liquid

Color: dark brown

How packaged: 5 gal

Bulk Density: 7.57 lb/gal

Solubility in Water: @ 20°C, insoluble

Odor: aromatic

Flash Point: 84°F TCC; 101°F TOC

Normal Range of Use in Wells:

Temperature: 60°F to 300°F (16°C to 149°C)

Concentration: 7.5 gal/1,000 gal diesel

Special Information:

Usage Restrictions: Make sure no water contacts
the DOC during mixing.

Effect of Slurry Properties:

1. increases thickening time

2. decreases strength
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Bentonite - Diesel Oil (BDO)
(Gunk Squeeze)

Process Description

The Bentonite-Diesel Oil Squeeze Process is in-
tended for use in those difficult instances of lost
circulation where other fibrous, granular, or flake
materials fail to effect a seal in the mud. This is a
common circumstance with high density muds in
several areas, and the BDO (Bentonite-Diesel Oil)
Squeeze has frequently proved to be a useful
method of overcoming such loss of circulation.

This mixture can be used to yield a semisolid mate-
rial to block lost-circulation channels where bridg-
ing agents are not satisfactory. It has the following
properties:

1. Bentonite - diesel oil slurry can be mixed using
the regular cementing equipment and hopper.

2. Drilling mud is pumped down the annulus at
the same time the Bentonite- Diesel Oil mixture
is pumped down the drillpipe.

3. Bentonite-Diesel Oil comes out around the
bottom of the drillpipe and mixes with the mud,
forming a sticky, putty-like material.

4. Because there is only a limited amount of water
in the drilling mud available for absorption by
the additional bentonite in the diesel oil, a very
thick consistency exists. The diesel oil acts only
as a lubrication carrier.

5. The putty-like material is carried by the flow
current to the area of lost circulation where it
plasters over the zone and seals against further
loss of fluid.

Mixing: The usual mixture consists of 300 lb of
bentonite/bbl of diesel oil which is mixed with mud
in the hole in ratios varying from 3 bbl of BDO to 1
bbl of mud to 8 bbl of BDO to 1 bbl of mud. In many
instances, squeeze jobs are started at the 8:1 ratio
and varied to the 3:1 ratio as the operation
progresses and the situation demands.

The following material makes up a typical 10 bbl
batch of BDO with a density of 11 lb/gal:

7 bbl diesel

27 sk bentonite

Ten to 12 lb/bbl of a sealing material, such as Tuf-
Plug, Flocele, or Mica, can be added.

Precautions:

1. Drain all water and mud out of all pumps and
tanks.

2. Use 6 bbl of diesel oil to thoroughly flush the
pumps, mixer, tub, and tank on all trucks.

3. Avoid contaminating the BDO slurry with mud
or water in the suction lines and pumps.

Placement Techniques: There will usually be two
pump trucks on location for a BDO Squeeze. How-
ever, it is advisable to mix 10-bbl batches in one side
of one truck so it will be easier to clean up the
trucks. Three or 4 bbl of diesel oil are required to
clean the truck mixing tank and pumps.

The zone of loss should be determined first. If there
are two zones where circulation is lost, the top one
should be squeezed first. Normally, about 40-bbl
batches of BDO mixture are used to squeeze off a
lost-circulation zone. However, the size of the batch
depends on depth and severity of the zone of loss.
Two or 3 bbl of diesel oil spacer must be pumped
down the drillpipe before and after the BDO mix-
ture.

1. Place the drillpipe at the bottom of the casing,
open ended, and a back pressure value added in
the string.

2. During the squeeze operation, both trucks
pump simultaneously — one down the tubing
and one down the annulus. The BDO mixture
should not be pumped faster than 2 to 3 bbl/
min. The rate should be slowed toward the end
of the job.

3. During the actual squeeze operation, work the
pipe back and forth through the blowout pre-
venter every 4 or 5 minutes. If the BDO mixture
turns up around the drillpipe and starts up the
hole, it is detected by the weight indicator. If
and when this happens, pull the drillpipe up at
least 50 ft above where the drillpipe is free and
the squeeze continued.

4. When pumping is stopped and considerable
pressure remains on the drillpipe but the casing
pressure is zero, this indicates the squeeze mix-
ture is coming up around the drillpipe.

5. Control maximum pressure to approach, but
not to exceed, the equivalent hydrostatic pres-
sure of a mud about 1.5 lb/gal greater than the
density of the mud in use.

6. After completion of the squeeze, pressure on the
casing should be maintained by the truck
pumping into the casing. Pump enough mud to
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replace the volume of a wet string into the hole.
Pressures should remain 50 to 100 psi below the
final squeeze pressure.

7. After the drillpipe is pulled up into the casing,
the well should remain closed and under pres-
sure for about 3 hours. The hole should be circu-
lated from the bottom of the casing for about 2
hours after the waiting time before a trip is
made.

8. In reaming operations after making a trip, it
requires 15 minutes to ream one joint of pipe
through the BDO mixture.

The mud weight should be no higher than re-
quired to control formation pressures already
penetrated.

9. In instances where the hole cannot be filled, a
packer is set in the bottom of the casing, and
mud and BDO mixtures are displaced down the
drillpipe in alternate batches of 20 bbl BDO to 5
bbl mud, using a spacer of 1 or 2 bbl of oil be-
tween batches.

BDO Spacer: A suitable spacer has been developed
for use between Bentonite-Diesel Oil (BDO) and the
displacing mud to prevent the mud from mixing
with and gelling the BDO. This spacer is used in the
BDO squeeze ahead and behind the BDO mixture
instead of the diesel oil spacer.

Instructions for mixing the BDO squeeze material
have been outlined previously.

One barrel of BDO spacer is mixed as follows:

36 gal diesel oil; 1.7 gal 50-50 Redicote 80-S-diesel
oil; 120 lb Bentonite. (Redicote 80-S is a product of
Armour Chemical Division.)
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Benonite-Cement-Diesel Oil
(BCDO)

Cement can also be added to the BDO slurry to
enhance the strength of the treatment. This is a
pumpable slurry which forms a very thick paste-like
material when contacted by water or water-based
drilling muds. This makes it a very effective lost-
circulation material. The cement allows this material
to develop a low compressive strength, which is not
possible with BDO.

The mixing and placement procedures, precautions,
and applications described for BDO are applicable
here.

Formulation: Table 15-9 details lost-circulation
problems where bentonite-cement-diesel oil slurries
are used. Data in the table are generated from a
blend of 1 sk (100 lb) bentonite and 1 sk (94 lb) ce-
ment where:

100 lb bentonite equals 4.52 gal absolute volume.

94 lb cement equals 3.6 gal absolute volume.

Table figures are calculated for 78°F and based on
Number 1 Diesel Oil, which has an average weight
of 6.86 lb/gal. Different temperatures and the one of
Number 2 Diesel Oil - 6.09 lb/gal - will result in
figures different from those in the table.

Since air is usually entrained in the slurry, slurry
weights taken on the job will be lower than slurry
weights in the hole after pressure has been applied.
The table is for slurries without air. This will cause
some error in fill-up volumes but not enough to
cause any appreciable difficulty.

Since the table figures are for ideal conditions, field
mixing can vary about 3% from table figures.

Mixing in the Hole: Mix the Bentonite - Cement -
Diesel Oil with mud in the hole in ratios varying
from 3:1 to 8:1 of Bentonite - Cement - Diesel Oil to
mud. In many instances it may be necessary to start
at the 8:1 ratio and vary to the 3:1 ratio as the opera-
tion progresses and the situation demands.
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Table 15-9: BCDO Slurries for Lost-Circulation Problems

Slurry Weight
gal Diesel Oil/1 sk Bentonite +

1 sk Cement

Resulting Volume

lb/gal gal bbl cu ft

12.0 18.73 26.86 0.640 3.60

12.5 16.40 24.53 0.584 3.28

13.0 14.38 22.51 0.536 3.01

13.5 12.69 20.82 0.497 2.79
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Bentonite Diesel Oil Slurry
(BDO)

Description and Primary Function: BDO is a slurry
of bentonite and diesel oil. When the slurry is con-
tacted by water, a very thick paste-like material is
formed, making it an effective lost-circulation mate-
rial. It has proven effective in regular and cavernous
lost-circulation zones and where drilling needs
containing fibrous, granular, or flake materials have
been ineffective.

Interaction with Other Additives: Fibrous, granu-
lar, and flake lost-circulation materials can be used
in the slurry to improve sealing properties.

Safety and Handling Procedures: Dust can cause
eye and skin irritation. Flush with plenty of water,
and apply neutral oil (castor or light mineral) to
eyes after flushing. Wash with soap and water to
remove slurry from skin.

Properties:

Additive: BDO

Part No.: none, field formulation

Formulation: The normal BDO slurry consists of 3
sk (300 lb or 136.1 kg) bentonite mixed with 1 bbl
(42 gal or 159 L) diesel oil. With bentonite having a
specific gravity of 2.65 (absolute volume of 0.0452
gal/lb or 0.3774 L/kg) and No. 1 diesel oil weighing
6.86 lb/gal (0.82 sp. gr.), the resultant slurry weight
will be about 10.50 to 10.75 lb/gal (1.26 to 1.29 kg/
L).

Normal Range of Use in Wells:

Temperature: 60°F to 230°F (16°C to 110°C)

Special Information: When preparing and pump-
ing BDO:

1. Drain all water and mud from pumps and
tanks.

2. Use diesel oil to thoroughly flush tub, mixer,
pumps, and tanks on all trucks.

3. Avoid contaminating BDO slurry with mud or
water in suction lines and pumps.

Water contamination can lead to severe gelation
and prevent mixing or pumping of the BDO.

Usage: The BDO job is performed by pumping the
BDO to the point of lost circulation through the
drillpipe while the drilling mud is pumped down
the annulus. The bottom of the drillpipe is located in
the area of the lost-circulation zone. When the BDO
exists the drillpipe, it mixes with the drilling mud
and forms a very thick putty-like material which is
then displaced into the lost-circulation zone to seal
it off. The BDO and drilling mud ratio is about 8 to 1
and is decreased gradually. By the end of the job,
the ratio is about 3 to 1. Use an oil-based spacer
ahead and behind the BDO in the drillpipe to pre-
vent gelation problems while still in the drillpipe.
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Bentonite-Cement-Diesel
Oil Slurry (BCDO)

Description and Primary Function: BCDO is a
blend of bentonite and cement mixed with diesel oil
to obtain a pumpable slurry. The slurry forms a
very thick paste-like material when contacted by
water or water-based drilling muds, making it a
very effective lost-circulation material. The cement
allows this material to develop a low compressive
strength which is not possible with BDO.

Interaction with Other Additives: Fibrous, granu-
lar, and flake lost-circulation materials can be used
in the slurry to improve the sealing properties.
Water contamination in mixing or pumping equip-
ment can cause severe gelation.

Safety and Handling Procedures: Dust can cause
eye and skin irritation. Flush with plenty of water,
and apply neutral oil (caster or light mineral) to
eyes after flushing. Wash skin with soap and water
to remove slurry.

Properties:

Additive: BCDO

Part No.: none, field formulation

Specific Gravity: 2.89 (1 Bentonite: 1 Cement)
3.00 (1 Bentonite: 3 Cement)

Form: powder

Color: gray

Water Requirement: none

Absolute Volume: 0.0415 gal/lb (1 Bentonite: 1
Cement) (0.1197 L/kg); 0.0400 gal/lb (1 Bentonite: 3
Cement) (0.3323 L/kg)

Solubility in Water: @ 20°C, insoluble

Odor: diesel

Normal Range of Use in Wells:

Temperature: 60°F to 250°F (16°C to 121°C)

Concentration: Normal usage is 1 sk (100 lb) Bento-
nite and 1 sk (94 lb) cement. Higher compressive
strengths are obtainable using 1 sk Bentonite and 3
sk cement. By varying the diesel oil, slurry weights
can be varied from 10.0 to 14.0 lb/gal.

Special Information:

Usage Restrictions: Use the same mixing and place-
ment procedures as BDO.
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MOC/One - Selective Water
Control Process

I. Process Description

A. Type

MOC/One is composed of Micro Matrix ce-
ment, a hydrocarbon-carrying fluid (i.e. diesel,
kerosene, etc.), and MOC-A surfactant. These
are mixed to form a slurry that remains inactive
unless contacted by water. On water contact, the
slurry remains pumpable for a period of time
before forming a hard and dense set. The sys-
tem is applicable for temperatures as high as
400°F.

B. MOC-A Surfactant

It is a proprietary organic acid salt which pro-
motes dispersion and increases the concentra-
tion of Micro Matrix cement contained in a
pumpable hydrocarbon-based slurry.

C. Comments

The recent introduction of Micro Matrix Cement
has brought with it a proposal for applying the
product in a hydrocarbon-based cement slurry
for use in selective water control. The current
Diesel Oil Cement surfactant, DOC-3, is not
applicable when using Micro Matrix Cement
because it will properly wet only one-third the
volume of cement, giving a set slurry that is
lower in compressive strength and higher in
permeability. MOC-A, when used at the recom-
mended 2.0% concentration by volume of die-
sel, yields a densified slurry, which when
contacted by water, delivers a high compressive
strength and low permeability set slurry.

MOC/One slurry also has the advantage of produc-
ing a delayed gelation which allows deeper penetra-
tion of the Micro Matrix cement slurry into
formation fractures and wellbore micro-annulus.

II. Materials

A. Chemicals

Micro Matrix, Part No. 516.00611 (50-lb sk)
Ultrafine Portland Cement, Part No. 516.00612
(2,500-lb bag)

MOC-A, Part No. 516.00646, Surfactant

Diesel, kerosene, etc. (water free) N/A (local
purchase)

III. MOC/One Slurry Designs

Using MOC-A at a concentration of 20 gal/1,000 gal
hydrocarbon-carrying fluid allows for a resultant
Micro Matrix cement slurry with a delayed gelation
unlike the rapid set of conventional diesel oil ce-
ment. This delay is ideal for placing the ultrafine
cement slurry into water-bearing formation frac-
tures some distance from the wellbore. The small
size of the Micro Matrix cement also allows for
placement into near-wellbore micro-channels which
may be communicating with adjacent water-bearing
formations.

IV. Mixing Procedure

A. Measure the correct volume of hydrocarbon
fluid (i.e. diesel oil) into a suitable clean mixer,
such as a MX-5000, paddle-type turbine
blender, or ribbon blender. Hydrocarbon should
be free of water.

B. Add the correct volume of MOC-A to hydrocar-
bon fluid.

C. Slowly begin to add the required amount of
Micro Matrix Cement to fluid while mixing.

D. Continue mixing until slurry is uniformly
blended.

E. Slurry is now ready for placement. Do not ex-
ceed formation fracture pressure.
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Table 15-10: MOC/One Slurry Design: 12.5 lb/gal; 0.88 ft /sk

Additive Weight Volume

Micro Matrix Cement 2,500 lb (1,135 kg) = 50 sacks 100 gal (378 L)

Diesel #2 1,593 lb (723 kg) 225 gal (852 L)

MOC-A 36.8 lb (16.7 kg) 4.5 gal (17 L)

3
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MOC-A Surfactant

Description and Primary Function: MOC-A is a
surfactant used in the MOC/One selective water-
control process.

Safety and Handling Procedures: MOC-A can
cause severe irritation to eyes on contact and slight
irritation after prolonged contact with the skin.
Wash eyes immediately with large amounts of wa-
ter for at least 15 minutes, and get medical attention.
Immediately wash skin quickly with soap and wa-
ter. Remove all contaminated clothing. MOC-A is a
flammable liquid which releases flammable vapors
which can ignite explosively.

Properties:

Additive: MOC-A

Part No.: 516.00646

Specific Gravity: 0.980

Form: liquid

Color: yellow

How packaged: 5 gal

Bulk Density: 8.16 lb/gal

Odor: bland

Absolute Volume: 0.1225 gal/lb

Normal Range of Use in Wells:

Temperature: 40°F to 400°F (4°C to 204°C)

Concentration: 2.0% by volume of diesel

Special Information:

Usage Restrictions: Carrier fluid must be water
free. A water-free spacer is required in front.
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