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-~ DOWNHOLE MATERIAL INJECTOR FOR LOST CIRCULATION CONTROL

The United States Govemment has nghts in this invention
pursuant to Contract No. DE-AC04-76DPOO789 between the United States

Department of Energy and American Telephone and 'lelegraph Company
' BACKGROUND OF THE mvmmou

~ The préent invention relates generally to a device and method
for injecting bridging n\aterials and cementitious mud downhole for the
purpose of controlling severe lost circulation and, more particularly,
a device and method for enplacing a quick-setting cement downhole while
ensuring that prenature setting does not occur inside the arill pipe.

iThis invention is useful for any downhole or drilling operation where the
: 'problan of lost c1rculation is- likely to occur, e.g. oil and gas drilling,
\ geothermal drilling, coring operations, and mineral exploration.

k Iost circulation is the phenomenon where circulatmg drillmg
fluid is lost to fractures or pores in tbe rock formation rather than
returning to the surface through the wellbore annulus, as it does during
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normal drilling. In a wellbore, drilling fluid, such as cementitious mud,
is pumped downhole and circulates to the surface to cool the bit, to carry
rock chips out of the borehole, and in some cases to control the well;
vhen lost circuletion occurs, this fluid is lost to the rock formation due
to an incompetent or permeable rock formation (characterized by a porous
matrix, fractures, vugs, or caverns) which does not have adeqguate physical
integrity or pore-fluid to support the hydrostatic pressure inside the
wellbore. | o
| Although drilling can continue under lost circulation conditions,

it is generally"inperative that the fluid loss be stopped as soon as

possible after it is discovered for various reasons: the loss of the

drilling fluid itself to the formation is expensive; changes in the rock

u fonnation being drilled cannot be easily detected if rock chips are not

circulated out of the wellbore; rock chips lost to the formation can flow

" back into the wellbore when drilling stops, thus sticking to the

drillstring in the hole; ‘control of the wellnayrbe difficult or
impossible if a high-pressure zone is encountered with the wellbore only

- partially filled with drilling fluid; drilling fluid invasion of the

surrounding rock formation alters in-situ conditions‘ and therefore affects
the logging response of the fornation; freShwater aquifers associated' with

1oss zones can be contaminated by drilling mud and connate fluids (£luids
. trapped in the sediment and/or rock) produced at different wellbore
~ intervals; and loss zones not treated during the drillmg phase can cause
, casing cement to be lost to the open formation during cmrpletion
v'operations, resultmg in a poor or incomplete bond between the casing and
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the rock formation and requiring expensive remedial action to prevent
inter-interval flow and (in geothermal wells) possible casing oollapse
when the well is put on pu:_odﬁction.

| I.ost circulation is a major problem ip oil and gas well drilling
and other types of exploration with the advent of exploration in deeper,
more highly fractured producing formations; however, lost circulation
probletrs tend to be more severe in geothermal drilling than in other types

of drilling because of the highly fractured and underpressured nature of
many geothe:nel formations. Bridging materials (i.e. the particles added
~to drilling md to form a bridge or a plug across a fracture) used as
rdrilling mud additives for lost circulation control in oil and gas

drilling are ineffective in plugging large fracture apertures,
particularly under high-temperature conditions. Therefore, the standard
lost circulation treatment in geothermal drilling is to fill the loss zone

‘surrounding the wellbore with cement, which is both expensive and

time-consuming due to the necessity of waiting for the cement to harden

'~ and then drilling through the cemented zorxeto reach new rock formation.

" In geothermal drilling, lost eirculation is typically the most

.costly ‘problem routinely encountered " In mature geothermal areas, lost

circulation costs represent an average of 10% of the total well oosts, and

in exploratory wells and developing fields, lost c1rcu1ation costs often

: aocount for over 20% of total well oosts.

Various methods and appa.ratus are known for delivermg materials

N into the wellbore and/or for providing fluid access to the wellbore
‘ 'ann‘ulus,{but most do not address the ’problem of lost circulation control.
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U.’ S. Patent No. 3,799,278 to D. L. Oliver describes a downhole
tool for providing fluid access to the wellbore annulus through the side
of the drill pipe using a dropped‘dart or wireline in order to restore
drilling md circulation if the drill bit nozzle becomes clogged during

- operation. U.‘S'. Patent No. 4,072,166 to Tiraspolsky et al. describes a

downhole tool for providing ’fluid access from the wellbore annulus to the
drill pipeinterior through the side of the pipe using the pressure drop
of the flowing £luid to operate»a valve, the purpose of the invention
being to ensure the axial £low of fluid injected into the drill pipe
during drilling while al_lov&ing interruption of the axial continuity and
connecting the interioi' of the pipe directly with the exterior annulus
Space when the injection is broken off or when the flow descends below a
mininmm value. ' _ 7

U. S. Patent No. 4,645,006 to Tinsley describes a dowmhole device

7 for prov1ding access to the wellbore annulus through the side of the drill

pipe using the drill pipe internal ptressure acting on a dropped actuator
to open a shding access valve, in order to restore the circulation of

’ drilling mud if the drill bit nozzle becomes clogged during operation.
- U. S. Patent No. 4,823 890 to Lang desc.ribes a reverse circulation drill

bit and associated apparatus in a pexmanent concentric tubing arrangement

7 for directing the flow of drilling fluids through the bit in a reverse

cn:culation mode.

Thus, both the direct costs, and the urﬂmmm costs associated

iwit.h possmle contamination of freshwater aquifers, as well as other
‘problems related to lost circulation‘ cont_rol i_ndicate an existing need for
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a system providing major-fracture fluid loss control. More particularly,

there is an existing need for technology to plug major-fracture loss zones.
In addition to cost considerations, when the maximum thickness of
the loss-zone fractures is' greater than the diameter of the drill bit

. nozzles, it is not possible to plug the loss-zone witvh‘ drilling mud
~ additives without also plugging the bit nozzles. In such cases, it is
 necessary to use a material that either soiidifi% after it flows through

the bit or is emplaced downhole after first removing the bit. 1In

’geothermal d:cilling, various cement formulations are pumped downhole for

plugging majbr-fracture loss zones. While these cement treatments are
generally effective in stopping fluid ‘loss,r they are expensive in both the
quantity (hundreds of cubic feet) of cement required and the long waiting

~ time (8-12 hours) for the cement to set before drilling can resume.

A new class of cementitious material .is known as c_ementitious»mud,

whu:h consists of bentohite drilling mud with added cohstituents for

turning it into solid form, usually including an accelerator material for
controlling the setting time. The fommlations are develdped' to p:oxiide
rapid—'setting, te:\perature;driven, cements in'which significnnt -c::mpressive

‘ strengthsmaybedevelopedw:.thm shorttimes Asanexample, acement

formulated by mixing convent10na1 bentonite mud with ammonium

L polyphosphate, borax, and nagnesium oxide has been developed which attains
) sigmficarrt ccmpressive strength in less than two hours when sufficient
?»"_concentratxons of the magnesium oxide accelerator are used- the setting
v'-time decreases with temperature, and the naterial expands approxinately 15%
| upon setting.
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| Even with the noteni:ial benefits derived from the use of these

‘muds for plugging purposes, there is a problem with lack of control over
~ the setting process to ensure that the fluid will not set up inside the

arill pipe during field application. Thus, there is an existing need for
an alternative emplacement technique for more effectively and economically
plugging loss zones dominated by large fractures, vugs, and caverns.

There is also an existing need for an alternative emplacement system that

provides more control over the setting process in the Ihole so that the

. cementitious mud will not set up inside the drill pipe during field

‘ operatlon.

» In an effort to find alternative materials for more effectxvely
plugging major-fracture loss zones, carentitmus muds with an encapsulated
accelerator have been developed. Specifically, the accelerator, typically
the magnesium oxide additive, is encapsulated with an inert material that
is sheared off by fluid action at the bit nozzles. The inert material
used for the encapsulant for the accelerator may be one of many |
materials. In this technique, the cenent:.tious mxd is mixed at the
surface and pumped downhole, but since the accelerator is shielded from

the other cement constituents by the inert encapsulant, the cement does
not harden in the drill pipe rega.rdless of the time requ1red for pumpmg.

As the cement flows through the nozzles, the encapsulant is sheared off,

| exposing the accelerator and mitiating the cement setting process. The
' chemical setting reaction is then further accelerated as the cementitxous

md flows into the high tetrperature formation. However, questions exist

as to the timing and reliability of the encapsulation ‘technique.v
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There is an existing need for an alternative system for emplacing

‘cementitious mud downhole in case the encapsulation technique is

unworkable, either consistently or at some proven parameters

| Known apparatus and methods for delivering plugging materials to
the wellbore that do address the problem of lost circulation are subject to

~ the necessity of avoiding premature set-up of the plugging material and the
problems associated therewith. U.S. Patent No. 4,378,050 to Tatevosian et

al. describes a downhole tool for delivering a pre-mixed plugging material
in a container to the bottom of a drill pipe and injecting it into the

wellbore through the bit using a displacing agent (mechanical, fluid, or

gas) to force the plugging material into the bit, with the goal of plugging
a lost circulation zone. U.S. Patent No. 4 ,842,066 to Galiakbarov et al.
describes a downhole device for injecting a single stream of pre-mixed
cement slurry clownhole through the drill pipe to the location of a lost |

~ circulation zone in order to écccuplish downhole separation of the

components of a single fluid stream of cement slurry into a solid and

_liquid phase, with the purpose of plugging the lost circulation zone.

There is an existing need for a method and corresponding system
for quxckly and eoonomically pluggmg lost circulatlon zones w1thout
requxring pulling or tripping the bit,

, There is also an existing need for a method and correspondmg
system to allow the components of a two-oanponent plugging naterial, such
as cementitious mud, to be placed downhole si:mltaneously but separately,

| tw:.thout mxmg the camponents prior to emplacanent in the wellbore, for

lost circulation control.
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SUMMARY OF THE mvmion

In view of the above—described needs, it is an object of this -

v invention to provide an alternative emplacement device and method for more

effectively and economically pluggmg_ loss zones dominated by large
fractures, vugs, and caverns. “ _ |

It is another objeet of this invention to provide an alternative
enplacemerrt device and method fot providing more control over the setting
process in the hole so that the cement will not set up inside the drill
pipe during field operation. - c '

It is a further object of this invention to provide an
alternative enplacement device and method for emplacing cementitious mud
downhole in case the encapsulation technique is unworkable, either
oonsistently or at some proven parameters. »

It is still another object‘of this invention to provide a method

and corresponding system for quickly and economically. plugging lost

circulation zones without requiring pulling or tripping the bit.
It is an additional object' of this invention to provide a method
and corresponding system to allow the oomponents of a two-component

S plugging naterial, such as cementitious mud, to be placed downhole
;simultaneously but separately, without mixing the components prior
emplacement in the wellbore, for lost circulation control. ‘

7 Additional objects advantages, and novel features of the

- invention will become apparent to those skilled in the art upon
, examination of the following description or may be learned by the practice
of the invention. 'Ihe obJects and advantages of the invention may be
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realized’and attained by means of the instrumentalities and conbinations
particularly pointed out in the appended claims.,
To achieve the foregoing and other objects and in accordance with

~ the purpose of the present mvention, as embodied’ and hroadly described

herein, there is provided a downhole injector system for providing the

components of a two-component plugging material, such as oementitious mud,

to be placed downhole Sinmltaneously but separately, without mixing the

components prior toenplacement in the wellbore , for lost circulation
oontrol. More Specifically, in a first embodiment according to the

invention, the downhole injector system includes a separate tubing

assembly which acts in conjunction with the drill pipe to deliver an

 accelerator slurry, or more specifically a magnesium oxide slurry, and a

cementitious mud slurry downhole into the wellbore. In a second

- embodiment, the downhole -injector systen also includes an insert injector

assembly installed in the drill pipe with which a portion of the tubmg
assanbly mates to deliver the separate oomponents of the slurry to
different locations downhole prior to the1r mixing 'I‘he insert injector

,‘ assembly includes a valve that opens to direct the accelerator slurry out
'of the side of the drill pipe and into the wellbore annulus above the
‘bit. At the same time, a slurry of cementitious mud, or more specifically

a slurry of bentonite mud, amnonium polyphosmate, and borax is pumped
o through the drill string and bit nozzles in the normal manner. The bit is

srtuated above the loss zone, g0 that the two slurry streams exit the

. injector in separate locations, then enter the loss zone and mix, thereby
initiating the chemical reaction that hardens the mud into cement |
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are moorporated in and form
part of the specification, illustrate an embodiment of the present

_invention and, together with the description, serve to explain the

principles of the invention.
Figure 1 is a plan view in cross-section of the downhole material

: injector\ with the tubing assembly extendedthrough the drill pipe to a

| location near the drill bit. -

Figure 2 is a plan view in cross-section of the downhole material
injector showing the tubing assembly extended i.n the drill pipe with the
mating section or sealing head approaching the insert or injector
assembly.

Figure 2a is a cross-sectional view of the injector assenbly
sectioned at the sliding valve, shown as A-A on Figure 2,

Figure 3 is a detail view in cross-section of the downhole
material injector showing the tubing assenbly extended in the Grill pipe
with the sealing head approaching the injector assembly, vhich has its
valve in closed position.

Figure 4 is a plan view in cross-section of the downhole material

, injector showmg the tubing assembly extended in the drill pipe with the
sealing head engaged 1n the injector assembly. |

‘ Figure 5 is a detail view in cross-section of the downhole ,
material injector showing the tubing assembly extended in the drxll pipe

" with the sealing head engaged in the mjector assembly, which has its
Vshding valve in its open posxtion.

- 10 -
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DETAILED DESCRIPTION OF THE INVENTION

As shown in the Figures 1, 2, and 4, drilling assembly 1 includes
drill string 10. Drill string 10 is typical of common drill strings and

- may be defined here as all the subsurface parts of drilling assembly 1, or

all the downhole structural parts that hang into the wellbore from the

 drill rig (not shown). Figures 1, 2, and 4 also show the surface below
~which the drill 'st'ring 10 extends and the l'oss zone of the formation.

- Drill string 10 includes dri1l pipe 11 having a hollow center, drill
 collars 12, crossover sub 13, and drill bit 14 having nozzles 15.

Drill collars are known in the art as the thick-walled central

~ section of the drill pipe, which provide weight to the drill string to

push the drill bit into the subsurface formation. The drill collar
section of the pipe typically has the same inner diameter as the top

portion of the drill pipe, but an increased outer diameter.

Crossover subs are also generally known in the art as the section

 of threaded connector that attaches the drill bit to the drill collar
3 sec‘tion'of the drill pipe. ‘:'I‘he drill bit is the attached tool for cutting

into or crushing the rock formation for the purpose of advancing the

wellbore. The nozzles are the openings in ‘the bit to the wellbore from
. which drilling fluid exits the drill string., Figure 1 is sectioned on the

nozzle end of the drill string to show no &ctual nozzle(s) but rather an

» open area 15, representlng the available fluid exit from the drill string.

'.[here are many 1m<7vm structural eonfigurations of drill bits,
which, dependmg on the type of exploration activity being pursued, may
have from one to multiple nozzles. In oil and gas and geothermal '

-1
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drilling, two types of drill bits are widely used, one having cutters and
multiple nozzles, the other having.rotating cones and three nozzles., At
least three nozzle;s' are typical, but for the purposes of this description,
Figure 2 shows‘only two nozzles 15.

A first embodiment of the invention is shown in Figure 1 and
includes tubing assembly 20, having a vhollow center throughout and a
surface portion 21 including a coiled upper end 22 with an entrance port
23 for the injection of the accelerator material, typically bridging

material, MgO and water, into the drill pipe. Surface portion 21 also

includes a head 24 which is threaded at its lower end 25 for connection of
the entire tubing assembly 20 to drill string 10, and contains a second
entrance port 26 fcr the proiiision of the cementitious mud slurry to the
drill pipe 11. The entire lower portion of tubing assembly 20, at the
opposite end cf assembly 20 from the coiled surface portion 21, comprises

a stinger tube 30 which is lowered into drill pipe 11 by winding and

unw1nding of coiled end 22.

Stinger tube 30 is the section of tubing assenbly 20 that has a
weighted wall to facilitate its travel down the hollow center of drill
pipe 11. Stinger tube 30 includes upper centralizing fins 31, sealing
mad 32 located considera.bly beneath upper centralizmg fins 31 on tubing
assembly 20 and having angled upper and lower surfaces 33a and 33b,
respectively, and small centralizing fins 34 attached to its outer '
circumference. Upper centralizing fins 31 act to space ‘tubing assembly 20

: inside drill pipe 1. The sealmg head 32 is a short, thicker walled

section of tubing assembly 20; its small centralizing fins 34 also act to

center and stabilize sealing head 32 inside drill pipe 11,

-12 -
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The basic operatioh of this first embodiment of the invention is
apparent. During notmal dif'ii‘:ling, fluid and/or ;drilling mud is pumped
down through the drill pipe 11 and out the drill bit nozzle(s) 15 to
circulate through the wellbore annulus (the area of the wellbore or hole
sﬁﬁourﬂing the drill string) and back to the surface. When a lost

‘circulatibn zone is encountered, drill string 10 is pulled up such that

bit 14 hangs just above the loss zone. Drill string 10 is disconnected
from the draw worke (not shown) at the rig floor, and head 24 is moved
into connection with, and attached to, the top of drill string 10, as
depicted in Figure 1. Tubing assembly 20 with stinger tube 30 is passed
through head 24 and coiled end 22 is advanced to control the lowering of
stinger tube 30 into and through drill string 10 to the drill bit 14.
Cementitious mud slurry is pumped into port 26 to flow through the hollow
center of drill pipe 11, while a slurry of accelerator (and bridging

material, if desired) is simultaneously pumped into port 23 to flow

through the hollow center of tubing assenbly 20. The flows of both

‘materials exit drill pipe 11 and tubing assembly 20, respectively, at
- nozzle(s) 15 of drill bit 14 to mix together below bit 14 as they flow

into the loss zone in the fom\atmn below drill str:mg 10, thereby

‘starting the chemical reacl:ion that hardens the cement.

A second and preferred embodiment of the invention is shown in
FJ.gures 2, 3, 4, and 5. In this second embodiment injector assembly 40

" is inserted into drill pipe 11 above crossover sub 13, Unlike tubing
: assembly 20 which is separate and not a permanent part of drill string 10,

-13 -




10

15

20

25

injectar assert:bly 40 may be formed as a permanent part of drill pipe 11.

- Injector assembly 40 generally comprises a short tubular section 41 of

drill collar, fastened into drill pipe 11, and fitted with sliding valve
42 and side ejection port 43.

As seen in more detail in Figures 3 and 5, valve 42 also includes at
its lower end spring 44 and piston 45 immediately above spring 44. Spring

| 44 acts in conjunction with stinger tube 30 to open and close valve 42, as
‘set out in more detail below. Sliding valve 42 also includes beveled lip

46 at the uppermost end, as well as three O-rings 47, 48, 49, spaced along
the outer diameter of the piston 45. Piston 45 moves axially inside

cylmder 50, which is attached to section 41 with fins 51, or equivalent
4 structure, at two or more locations around cylinder 50. Side ejection

port 43 cOnsists of'the open passage through a tube 52 that extends

‘ radially from a hole in the side of cylinder 50 through a hole in the wall

of drill collar 41,

The operation of the second embodment of the invention is

: essentially the same as that of the first enbodiment, except that stinger

tube 30 acts as a mating part During normal drilling, injector assembly

‘ 40 is pass:.ve, allowing drilling fluid to pass through passages 60 (shown

in Figure 22) between cylinder 50 and section 41, with no significant

: restrictioms and little pressure drop. Spring 44 keeps valve 42 in its

raised, closed position, thereby preventing drilling fluid from flowing

out side ejection port 43, as with the first embodiment, when a lost

circulation zone is encountered, drill string 10 is pulled up to bring bit

v14 just above the loss zone. Drill string 10 is disconnected from the

- 14 -
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draw works, and head 24 is moved into connection with, and attached to,
the top of drill string 10, as shown in Figures 2 and 4. Tubing assembly

20 with stinger tube 30 is passed through head 24 and lowered toward

injector assembly 40 through drill string 10. Figures 2 and 3 are
schematits showing stinger tube 30 just prior to reaching injection sub
21, and sliding valve 42 in its closed position.

Centralizmg fins 34 on sealing head 32 of stinger tube 30 and

' peveled lip 46 of injector assembly 40 act to ensure that the end of

| stinger tube ’30 passes into sliding valve 42 and contacts the top of

- piston 45. The weight of stinger tube 30 overcomes sliding valve spring
44, thereby forcing piston 45 down to its open position. The weight of

stinger tube 30 also forces angled surfaces 33b on seeling head 32 to

- ocontact the matching surfaces of beveled lip 46 of sliding valve 42. An
0-ring 36 carried in sealing' heaid 32 prcvides a fluid seal necessary to
 segregate fluid inside stinger tube 30 from fluid inside drill string 10.

‘An additional O-ring 37 in the terminal end 35 of the stinger tube 30

prowdes secondary sealing 1n case O-ring in sealing head 32 fails.
Figures 4 and 5 are schenatics showing stinger tube 30 engaged in injector

assembly 40 and slidmg valve 42 in its open position. Injector assembly

40 may also include, active clampmg devices (not shown) to connect

E stinger tube 30 to sliding valve 42, but the weight of stinger tube 30 -

alone should ‘be suff1c1ent to open valve 42 and prow.de the necessary
seahng.

After stinger tube 30 is in place with sliding valve 42 open, a

vmixture of cementitious mud, typically bentonite, anmonimn phosphate

-15 -
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(AnPP), 'borax, and water is pumped downhole through‘ drill string 10
including assembly 40, out bit nozzlee 15, and into the wellbore and loss
zone. At the same time, a mixture of accelerator materials, typically
MQO, hridging materials, and water, is pumped down the tuhing assembly 20,

v through stinger tube 30 and sliding valve 42, out side ejection port 43,

and into the wellbore annulus and the loss zone. Again, the two fluid
streams mix together below bit 14 as they flow into the loss zone, thereby

“starting the cheznical reaction that hardens the cement.

The outsule diameter of inJector assembly 40 is typically in the
area of 6-9 inches. The inside diameter of drill st.rmg 10, including
drill p1pe 11, is in the area of 3-5 inches. Stinger tube 30 consists of
approxmately 30 feet in length of small-diameter, heavy-wall pipe,
weighing approximately 200-500 pounds Tubing assembly 20 and stinger

“tube 30 each have inside dismeters of approximately 1.inch, thereby

~allowing ample flow area for the accelerator fluid as well as relatively

large bridging material particles, such as up to 1/3 inch in diameter.

The ability to pass such large particles is extremely desirable in
', providing temporary plugging of fractures, with'the hardened cement acting
to make the plugs permanent. ’I‘he structure of side ejection port 43 is

also useful in this rega.rd because particles too large to pass through bit

| consrdered desirable to space injector assenbly 40 as close as possible to

drill bit 14, typlmlly within 5 feet, for purposes of enhanced mixing.
'Ihe relative sizes of the tubmg assembly 20 and the entire drill

| strmg 10 are also well matched to the conoentrations of Mgo accelerator

- 16 -
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’ ,treatnents

required to provide rapid setting of the cement. Typical flow rates down

- the drill string range from 100-150 gpm, while those down the coiled

tubing range from 5-20 gpm.
| To prevent sticking drill bit 14 with bridgmg materials, the

~ entire drill st.rmg 10 may be reciprocated in a vertical plane using the

drill rig draw works (not shown).

~ Although simple, the downhole material injector should provide
significant reliability. Other advantages of both the structure and the
method of all embodiments of the invention include the ability to operate

FWithout tripping drill string 10 out in order to emplace the cement.
"~ Tripping and removal of the bit 14 is done with conventional cements
 because of the fear of pumping such cements through the bit nozzles 15.

If premature thickening of the cement occurs, the small restrictions
proVided by the nozzles 15 ‘could cause the cement to set up in the drill

-pipe before it ‘can be tripped out. Cementitious muds do not readily set

up without the addition of the accelerator; thus the pnmping operation
according to the invention can be safely done without pulling bit 14.
Also, tubing assenbly 20 can be run downhole in a relatively short time,

thus saving considerable time over that required for conventional cement

In wirelme coring or other exploration applications of the

vinVention, the embodnnent of Figure 1 with injector assembly 40 deleted is
- most appropriéte. As previously explained, Figure 1 is sectioned on the

nozzle end of the drill string to show no actual nozzle(s) but rather an
open area 15, representing the available fluid exit from the‘drill

- 17 -
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string. In this application, the core barrel used for wireline coring
systems (i.e. the barrel for holding the rock core) is temporarily
removed, and tubing assembly 20 is run down to the bit 14. Accelerator
fluid and bridging material are discharged through the coiled tubing and
out bit 14 directly into the fluid stream flowing down drill pipe 11.
The particular sizes and equipment disclosed above are cited
mérely to illustrate particular embodiments of the invention. It is

-,oontemplated that use of this invention may involve components having

different sizes and other parameters as long as the principle described
herein is followed. A downhole material injector assembly, constructed in
accordance with the present inirention, will provide the capability of
pumping two fluid streams separately, but simultaneously, downhole in
order to emplace a two-component plugging material, such as cementitious
mud, downhole for lost circulation control without mixing the components
prior to their enplacextent in the wellbore, It is mtended that the $cope
of the invention be defined by the claims appended hereto.




ABSTRACT
Apparatus and method for sinmltanebusly‘érﬂ separately emplacing two
streams of different materials through a drillstring in a borehole to a
downhole location for lost circulation control . The two streams are mixed
outside the drillstring at the desired downhole location and harden only

after mixing for control of a klost circulation Vzone.
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