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I 

DOWNHOLE MATERIAL INJECIOR EOR W T  CIRCULATION CWl'ROL 

Govertrment has rights in this invention 

suant to Contract No. DE-ACO4-76DPOO789 between the United States 

of Energy and American Telephone and Telegraph Canpany. 

WXGFWND OF T€E INVENTION 

5 The present invention re1 generally to a deviae and method 

for inj bridging materials and cementitious rnud downhole for the 

oontrolling severe lost circulation and, more particularly, to 

method for enplacing a quick-setting cement dawnhole M l e  

uring that premature setting does not occur inside the drill pipe. 

ul for any downhole or drilling operation the 
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normal drilling. In a wellbore, drilling fluid, such as oePnentitious mud, 

is pumped duwnhole and circulates to the surface to cool the bit, to carry 

rock chips out of the borehole, and in sane cases to control the well; 

when lost circulation occurs, this fluid is lost to the rock formation due 

5 to an incapetent or permeable rock formation (characterized by a porous 

matrix, fractures, vugs, or caverns) which does not have adequate physical 

integrity or pore-fluid to support the hydrostatic pressure inside the 

wellbore 

Although drilling can continue under lost circulation conditions, 

10 it is generally ixrpzttive that the fluid loss be stopped as soon as 

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

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

forroation being drilled cannot be easily detected if rock chips are not 

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

15 llbore when drilling stops, thus sticking to the 

hole; control of the well may be difficult or 

impossible if a high-pressure zone is encountered with the wellbore only 

partially filled with illing fluid invasion of the 

conditions and therefore affects 

ing response of freshwater aqu associated with 

can be contami fluids (fluids 

intervals; and loss zones nut 

ion during ampletion 

a poor or inamp1 betweenthecasingand 



the rock formation and requiring expensive remedial action to prevent 

inter-interval flaw and (in geatherrnal wells) possible casing collapse 

when the wll is put on production. 

Ijost circulation is a major problem in oil and gas well drilling 
5 and other types of exploration with the advent of exploration in deeper, 

more highly fractured producing formations; hawever, lost circulation 

problems tend to be more severe in geothenral drilling than in other types - 

of drilling because of the highly fractured and underpressured nature of 

m y  geothermal formations. Bridging materials (i.e. the particles added 

to drilling d to form a bridge or a plug across a fracture) used as 

drilling mud additives for lost circulati 

drilling are ineffective in plugging large fracture apertures, 

particularly under high-teqerature conditions . 
lost circulation treatrnent in 

surrounding the wellbore w i t h  CemMt, which is both expensive and 

th-consuming due tn the necessity of waiti 

and then drilling through the cemented zone to reach new rock formation. 

irculation is typically the most 

In mature geothermal areas, lost 

lo 

fore, the standard 

1 drilling is to fill the loss zone 
15 

In geothermal drilling, lo 

tly problem routinely encountered. 

20 ent an average 1 well costs, and 

in exploratory wells and developing f 

20% of total Hell aosts. 

ious methods and delivering nraterials 

lbore 

25 annulus, but most do not address the em of lost cir ion mntrol. 

- 
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U. S. Patent No. 3,799,278 to D. L. Oliver describes a dawnhole 

tool for providing fluid access to the wellbore annulus through the side 

of the drill pipe using a dropped dart or wireline in or- to restore 

drilling mud circulation if the drill bit nozzle clogged during 

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

dawnhole tool for providing fluid access from the wellbore annulus to the 

drill pipe interior through the side of the pipe using the pressure drop 

of the flawing fluid to operate a valve, the purpose of the invention 

being to ensure the axial flaw of fluid injected into the drill pipe 

during drilling while allowing interruption of the axial continuity and 

amnecting the interior of the pipe directly with the exterior annulus 

10 

space when the in on is broken off or when the flow descends belaw a 

minimum value. 

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

annulus through the side of the drill 

ure acting on a drapped actuator 

15 for providing a 

pipe using the 

ing access valve, in order to restore the circulation of 

a reverse circulation drill 

the bit in a xwerse 

costs associated 
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Even with the potential benefits derived from the use of these 

muds for plugging purposes, 

the setting process to ensure that the fluid will nut set up inside the 

drill pipe during field application. Thus, there is an existing need for 

an alternative errp?lacement technique for more effectively and econmically 

plugging loss zones dominated by large fractures, vugs, and caverns. 

is a p b l m  w i t h  lack of control aver 

5 

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

pravides more control over the setting process in the hole so that the 

cemntitious mud will not set up inside the drill pipe during field 

10 operation. 

accelerator have been developed. Specifically, the accelerator, typically 

the magnesiua 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 he one of m y  

mterials. In this techn 

surface and pumped dawnhole, but since the accelerator is shielded from 

the Other cement consti 

15 

the oementitious xnud is m i x e d  at the 

by the inert enoapsulantr the cement does 

encapsulant is sheared off, 

setting pxot2ess. The 

20 the t h  required for pumping. 

acaelecated as the ementitious 

However, questions exist 

25 lation technique. 
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There is an &sting need for an alternative system for enplacing 

cementitious xnud downhole in case the encapsulation technique is 

ullworkable, either consistently or at s m  prwen parameters. 

Known apparatus and methods for delivering plugging materials to 

5 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-dxed 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 Gal~akbarov et al. 

describes a dawnhole device for injecting a single stream of predlixed 

oement slurry dawnhole 

circulation zone in order to  

ccmponents of a single fluid stream of oement slurry into a solid and 

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

10 

ill pipe to the location of a lost 

15 lish downhole separation of the 

There is an existing need for a method and corresponding system 

for cpickly and lly plugging lost circulation zones without 

20 requiring pulling 

as crementitious le sixnultaneously but separately, 
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SLIMMARY OF THE INVEM’ION 

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

invention to provide an alternative enplacenmt device and method for more 

effectively and econanically plugging loss zones dminated by large 

fractures, vugs, and caverns. 

It is a n o t h ~  object is invention b provide an alternative 

emplacement device and method for providing more control over the setting 

process in the hole 60 that the cement will not set up inside the drill 

during field operation. 

10 It is a further object of thi ion to provide an 

alternative -la 

duwnhole in case the 

oonsistently or at sane parameters. 

t device and method for ernplacing oementitious mud 

ulation technique is unworkable, either 

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

15 ickly and econdcally plugging lost 

iring pulling or tripping the bit. 

It is an additi of this invention to provide a method 

and corresponding 

plugging material, such as 

OOimpOnentS of a tm-capnent 

tious mud, to he placed duwnhole 

separately, without mixing the uxqonents prior to 

lation control. 

and novel features of the 

t to those skilled in the art upon 

ion of the fOl1 cription or may be learned by the pctice 

imtion. The objects and ges of the invention may be 
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realized and attained by ~lleans of the instrumentalities and ccmbinations 

particularly pointed out i n  the appended claims. 

To achieve the foregoing and other objects and i n  accordatlce w i t h  

the purpose of the present invention, as embodied and hroadly described 

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

carppnents of a W-coqonent  pluggingmiterial, such as cementitious mud, 

to be placed duwnhole simultaneously but separately, without mixing the 

components prior to gnplacgnent i n  the wellbore, for  lost circulation 

control. More specifically, in a first epnbodhmt according to the 

invention, the dawnhole injec3tor system includes a separate tubing 

assembly which acts in conjunction w i t h  the drill pipe to deliver an 

acceleratar slurry, or more specifically a magnesium oxide s1urry, and a 

ceinentitious Ioud slurry dcrwnhole into the wellbore. 

enbodimnt, the dawnhole injector system also includes an insert injector 

5 

10 

In a second 

th  which a portion of the tubing 

of the slurry to  

. The insert  injector 

assembly includes a valve that to direct the accelerator slurry out  

0 the wellbore annulus 

lyphosphate, and borax is 

bit nozzles in the normal m. The bit is 

1 reaction that hardens the rnud 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The accolTlpanying drawings, which are incorporated in and form 

part of the specification, illustrate an embodin-ent of the present 

imrention and, together with the description, seme to -lain the 

5 principles of the invention. 

Figure 1 is a plan view in cross-section of the dawnhole material 

injector with the 

location near the 

assembly extended through the drill pipe to a 

Figure 2 is a plan view in cross-section of the downhole material 
10 injector showing the tubing asdly extended in 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 assembly 

sectioned at the sliding valve, &own as A-A on Figure 2. 

15 Figure 3 is a detail view in cross-section of the dawnhole 

material injector shaving .the tubing assembly extended in the drill pipe 

w i t h  the sealing head 

~ l v e  in closed position. 

Ching the injector assembly, which has its 

Figure 4 is a s-section of the dawnhole material 

injector showing the tubing assembly exkended in the drill pipe with the 

sealing head engaged in 

ion of the dawnhole 

assembly extended in ill pipe 

the injector assembly, 
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DGTAILED DESCRIPTION OF TI1E lNVENCION 

As shown in the Figures 1, 2, and 4, drilling assembly 1 includes 

drill string 10. Drill string 10 is typical of cumon drill strings and 

may be defined here as all the subsurface parts of drilling assembly 1 , or 
all the dawnhole structural parts that hang into the wellbore fran the 

drill rig (not shown). Figures 1, 2, and 4 also show the surface below 

which the drill string 10 extends and the loss zone of the formation. 

Drill string 10 includes drill pipe 11 having a hollow center, drill 

collars 12, crossover sub 13, and drill bit 14 having nozzles 15. 

5 

- 

Drill collars are knawn in the art as the thick-valled central 10 

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

push the drill bit into the subsurface formation. The drill mllar 

section of the pipe typically has the sane inner diameter as the top 

portion of the drill pipe, but an increas diameter. 

Crossover subs are also generally known the art as the section 

of threaded connector that attaches the 

section of the drill pipe. 

11 bit to the drill collar 

drill bit is the attached tool for cutting 

into or crushing the rock for the purpose of advancing the 

ings in the bit to the wellbore from 

ions of drill bits, 

being pursued, may 



drilling, t w o  types of drill bits are widely used, one having cutters and 

multiple nozzles, the other having rotating cones and three nozzles. A t  

least three nozzles are typical, but for the purposes of this description, 

Figure 2 shows only two nozzles 15. 
5 A first epllbod of the invention is shown in Figure 1 and 

includes tubing asely 20, having a hollow center throughout and a 

surface portion 21 including a ailed upper end 22 with an entrance port 

23 for the injection of the accelerator material, typically bridging 

material, 

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 

and water, into the drill pipe. Surface portion 21 also 
l o  

entrance port 26 for the provision of the oementitious mud slurry to the 

drill pipe 11. The entire 1- portion of tubing assembly 20, at the 

opposite end of assenbly 20 from the coiled surface portion 21, w i s e s  

a stinger tube 30 which is lowered into drill pipe 11 by winding and l5 

unwinding of coiled end 22. 

Stinger tube 30 is the section of tubing assably 20 that has a 

weighted wall to facilitate its travel dawn the hollow center of drill 

pipe 11, Stinger tube 30 includes upper centralizing fins 31, sealing 

2o head 32 located cmsiderabl centralizing fins 31 on tubing 

OWEZ surfaces 3% and 33b, 

to its outer 

space tubing assdly 20 

32 is a short, thicker walled 

lizing fins 34 also act to 

oenter and stabilize sealing head 32 inside drill pipe 11. 

- 12 - 



The basic operation of this first enbodiment of the invention is 

apparent. wing normal &i i ~ ,  fluid W o r  

dawn through the drill pipe 11 and out the drill bit nozzle(s1 15 to 

circulate through the tellbore annulus (the are of the wellbore or hole 

surrounding the drill string) and back to the surface. When a lost 

circulation zone is encountered, drill string 10 is pulled up such that 

bit 14 hangs just above the loss zone. Drill string 10 is disconnected 

frcan the draw works (not shown) at the rig floor, and head 24 is mwed 

into connection with, and attached to, the top of drill string 10, as 

5 

10 depicted in Figure 1. W i n g  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 1 1 , hile a slurry of accelerator (and bridging 

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

through the hollow center of tubing assably 20. The flaws of both 

materials exit drill pipe 11 and tub 

nozzle(s) 15 of drill bit 14 to mix together below bit 14 as they flaw 

into the loss zone 

15 

=-lY 20, respecti=lyr at 

tion below drill string 10, thereby 

20 starting -t. 

A second ifflent of the invention is Shawn in 

In this second , injector assembly 40 

13. Unlike tubing 

and not a permanent part of drill string 10, 

- 13 - 



injector assembly 40 may be formed as a permanent part of drill pipe 11. 

Injector assembly 40 generally caprises a short tubular section 41 of 

drill collar, fastened into drill pipe 11, and fitted w i t h  sliding valve 

42 and side ejection port 43. 

5 As seen h more detail in Figures 3 and 5, valve 42 also includes at 

its lower end spring 44 and piston 45 inmediately above spring 44, Spring 

44 acts in conjunction with stingex tube 30 to open and close valve 42, as 

set out in mre detail below. Sliding valve 42 also includes beveled lip 

46 at the uppermost end, as well as three O-rings 47, 40, 49, spaced along 
10 the Outer of the piston 45. Piston 45 moves axially inside 

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

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

Side ejection 

a hole in the side of cylinder 50 through a hole in the wall 

ion of the second embodiment of the invention is 

essentially the same as that of the first Wiment, except that stinger 

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



draw works, and head 24 is moved into connection with, and attached to, 

the top of drill string 10, as shorn in Figures 2 and 4. Tubing assembly 

20 with stinger tube 30 is passed through head 24 and lowered t m d  

injector assembly 40 through drill string 10. 

schematics showing stinger tube 30 just prior to reaching injection sub 

21, and sliding valve 42 in its closed position. 

Figures 2 and 3 are 

5 

Centralizing fins 34 on sealing head 32 of stings tube 30 and 

beveled 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 

The weight of inger tube 30 o~~ sliding valve spring 

forcing piston 45 down to its open position. The weight of 

stinger tube 30 also forces angled surfaces 33b an sealing head 32 to 

amtact the matching surfaces of beveled lip 46 of sliding valve 42. An 

O-ring 36 carried in sealing head 32 provides a fluid seal necessary to 

segregate fluid inside sting= tube 30 from f id inside drill string 10. 

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

provides secondary sealing in case O-ring in sealing head 32 fails. 

Figures 4 and 5 are scherratics showing stinger tube 30 engaged in injector 

and sliding va position. Injector assembly 

include, active (notshuwn) toconnect 

stinger tube 30 to sliding 

alone should be sufficient to open valve 42 and 

Wight Of Stinger tube 30 

ide the necessary 

sti tube 30 is in place w i t h  sl ng valve 42 open, a 

25 mixture of cementitious xnud, typically bentonite, axrmonim phosphate 



(AmPP), borax, and wter is pupd downhole through drill string 10 

including assembly 40, out bit nozzles 15, and into the wellbore and loss 

zone. At the same the, a rnixture of accelerator materials, typically 

MgO, bridging materials, and water, is pump3 dawn the tubing asdly 20, 

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

and into the wellbore annulus and the loss zone. Again, the t w o  fluid 

streams mix togethe% below bit 14 as they flow into the loss zone, therekg 

starting the chdcal reaction that hardens the ognent. 

5 

The outside diameter of injector assembly 40 is typically in the 

10 area of 6-9 inches. The hside diameter of drill string 10, including 

drill pipe 11, is in the area of 3-5 inches. Stinger tube 30 consists of 

approximately 30 feet in length of small-diameter, heavy-wall pipe, 

weighing approximately 200-500 pounds. Tubing asserbly 20 and stinger 

tube 30 ea& have inside diameters of approxhntely 1 inch, thereby 

15 allowi e flaw area for the accelerator fluid as well as relatively 

1-e ing mterial particles, such as up to 1/3 inch in dia~nster. 

such large particles is extremely desirable in 

pluggins of fractures, with the hardened oement acting 

to ndke the plugs permanent. ucture of side ejection port 43 is 

useful in this regard ides too large to pass through bit 

nozzles 15 m y  still 

drill bit 14, typically w i  es of enhanced mixing. 

y 20 and the entire drill 
25 6 ions of MgO accelerator 
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required to provide rapid setting of the anent. Typical flaw rates down 

the drill string range from 100-150 gpn, while those dawn the coiled 

tubing range from 5-20 gpn. 

To prevent sticking drill bit 14 with bridging materials, the 

entire drill string 10 may be reciprocated in a vertical plane using the 

drill rig draw works (not shown). 

Although simple, the dawnhole material injector should provide 

significant reliability. Other advantages of both the structure and the 

of all embodhnts of the invention include the ability to operate 

tripping drill string 10 out in order to ernplace the cement. 

Tripping and removal of the bit 14 is done with conventional cements 

because of the fear of pumping such w t s  through the bit nozzles 15. 

If premature thickening of the cement occurs, the small restrictions 

provided by the nozzles 15 could cause the cement 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 pumping operation 

according to the invention can be safely done without pulling bit 14. 

Also, tubing assembly 20 can be run downhole 

thus saving oonsiderable th over that requ 

treatments. 

15 

relatively short time, 

In wireline coring or other expl 

tion, the embodiment of Figure 1 With inj assembly 40 deleted i 

st appropriate. As previously explained, Figure 1 is sectioned on the 

of the drill string to show no actual nozzle(s) 

25 representing the available fluid exit from the drill 

.S 



string. 

systems (i.e. the barrel for holding the rock core) is tepnporarily 

removed, and tubing assembly 20 is run d m  to the bit 14. Accelerator 

fluid and bridgingmterial are discharged through the coiledtubing and 

out bit 14 directly into the fluid stream flawing dawn drill pipe 11. 

The particular sizes and equipnent disclosed above are cited 

In this application, the core barrel used for wireline coring 

5 

nerely to illustrate particular eibdiments of the invention. It is 

amtenplated that use of this invention may involw cmpnents having 

different sizes and other parameters as long as the principle described 

herein is followed. A dawnhole material injector assably, constructed in 

accordance with the present invention, will provide the capability of 

plsnphg two fluid streams separately, but simultaneously, dawnhole in 

order to enplace a two-component plugging xmterial, such as cementitious 

mud, duwnhole for lost circulation control without mixing the cosnpanents 

prior to their enplacement in the tellbore. It is intended that the scope 

10 

15 

of the invention be defined by the clains appended hereto. 
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