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TTillATMENT OF SANDED DOLOMITE 

Sanded dolomite was encountered at 560' in Forminco #1, and was at 
least 491' thick, although the total section was not penetrated. 
This sloughing formation Caused the premature abandonment of this 
well, and resulted in a research effort to develop a method of 
treating this interval. 

The sanded dolomite is believed to occur randomly in the dolomitized 
sections in the area due to acid gas leaching. Consequently, it is 
not a lithologic structure that can be mapped, and we must be pre
pared to combat this problem whenever we encounter it. 

For example, sanded dolomite was not encountered in well #42-7, but 
it may have been encountered in well #31-33. An 85' interval of 
unconsolidated sloughing material was encountered in well #31-33 at 
4785', but due to lost circulation problems, no material was circu
lated back to the surface. However, the interval was treated with a 
modification of the procedure described below (due to the depth and 
temperature, acid was not used), and successfully stopped the slough
ing and allowed the hole to be completed. 

Appendices 1 and 2 give a detailed pr~cedure for conducting this 
patented* process. As can be seen from the Appendices and the detail 
given in the patent, this procedure requires a significant amount of 
extra equipment, as well as stockpiling enough chemicals to do the 
treatments. These costs are reflected in the higher cost of drill
ing wells in this area. 

* Patent 4,120,369 
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copy attached 



APPENDl X 1 

PROCEDURE FOR PERFOlU'IING A CONSOLIDATION TREATNENT 

1. . Fresh water pref1ush(Pump fluid 
with th~ bit on the bottom.) 

2. Chemical Preflush: 
0.2% surfactant -5% calcium 

Volumes for Hole Size (Gallons) 
---;-:---- -::-...!..---:-
8 3/4 in (22.2 em) 12 1/4 in (31.1 em) 
gallons ell.meters gallons cu.meters 

140 (0.52) 320 (1. 21) · 

chloride-2% !lydrochloricacid 200 (0.757) 370 ,,' (1.4) 
. (Pump while raising the bit to 
fill about 60 feet (18: 4 m) of hole.) 

3. Close the annulus and pump water 
to displace the chemical preflush, 
but keep the pressure below frac-

.\ turing pressure 

4. .Open the annulus and lower the 
bit to the bottom. Pump water 
to circulate the preflush up 
into the annulus 

5. 50% 41 0 Be "N" sodium silicate) 
50% water ) 
(Pump while raising th2 bit to 
fill about 60 feet (18.4 meters) 
of hole.) 

6. Ciose the annulus and pump water 
to displace silica~e. Keep the 
pressure below fracturing 
'pressure. 

7. Open the annulus, lower the bit 
to the bot tom and pump ,,,ater to 
circulate the excess sodium 
silicate st~ge up into the annulus 

B.· 5% calcium chioride flush solu
tion. (Pump while raising the 
bit to fill about 60 feet (18.4 
meters of hole.) 

9. Close the annulu s and pump water 
to di s place calcium chlorid e 
flu sh s olution . Keep th e pres s ure 
belou fracturin g pr essu re. 

10. Open the annulu s and low er the bit 
t o t he bottoin ; pump wa t e r to ci r cu
IDte t h e excess calciulIl chloride 
\Ulter up i nto tile annulus 

11. Resume normal mu d circulation 
llnd dril ling 

100* 

230 

.. 200 

• 

100'" . 

230 

200 

100* 

140 

(0.378) 

(0.87) 

(0.757) 

(0~·378) 

(0.87) 

(0.757) 

(0 . 378) 

(0.52) 

180* 

370 

370 

180* 

530 

370 

180* 

320 

(0.68) 

(1.4) 

(1.4) 

(0.68) 

(2.0) 

(1. 4) 

(0 . 68) 

(1. 21) 

)'t A tillle constr ,1int of 30 IllJ Ill ILcs shoul d be applied to t. hese steps. If all t il e 
indic,1Lcd volU1lll~ is not pun:pcu witld.n 30 minutes, the trcatllll'nt step ::.; hould 
be tel"lll inntcd, :lIlU tile rem,dning vol Ullle s houl d be a cld.cd: to t he next (d is
pl[lCClll Oll t ) st op. 

' . 



APPENDIX 2 

, ' 

TOTAL VOLUMES AND CHEMICAL REQUIREHENTS PER 30 FEET . 
Hole Diameter 

8 2/ lf ,In. (22.2 em) 12 1/4 In. (31.1 em) 
, ' Hole __ l:.:.Io;:.:l::.:e::..-. ____ _ 

Water 1540 gaL (5. 82 m3) 3165 gal. (12.0 m3) 

Calcium Chloride 167 lb. ,(76 Kg) 308 lb. (140 Kg) 

Surfactant 0./,0 gaL (L5l 0.74 gaL (2.8 
liters) liters) 

Concentrated Hydrochloric Acid (37%) 9.1 gal. (34.4 16.8 gaL (63.6 
'liters) liters) 

41 0 Be liN" Sodium Silicate Solution 100 gaL (0.378'm3)185 gal. (0.700 m3) 

~akcup of lO-Barrel Batches Each Stage 

,Stage 1 

Water 

Calcium Chloride 

9.56 bb1 

175 lb 

:37% Hydrochloric Acid 

Surfactant 

, 19 gaL 

,Stage, 2 

Water 

41 0 Be "N" Sodium Silicate 

Stage 3 

Water 

Calcium Chloride 

~, 

0.85 gt.L 

5.0 bbl 

5.0 bbL 

10.0 bbl 

175 lb 

(6.51 m3) 

(79.4 Kg) 

(71.9 liters) 

(3.18 liters) " 

(0.80'm3) 

(0.80 m3) 
' . ~ . 

(L59 m3) 

(79.4 Kg) 
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[57J ABSTRACT 
A method for drilling a well through a subterranean 
formation containing one or more zones of unconsoli
dated dolomite, wherein the drilling opeHltion is inter
rupted periodically to consolidate the newly drilled 
incompetent dolomite by the injection of a sequence of 
reactant slugs comprised of (I) an aqueous solution 
containing an acid, a surface active agent and a precipi
tating agent for silicates, (II) an aqueous solution con
taining a water-soluble silicate, and (III) an aqueous 
solution containing a precipitating agent for silicates. 

18 C1alms, 11 Drawing Figures 
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METHOD FOR DRILLING A WELL TIInOUGJI 
UNCONSOLIDATED DOLO;\IlTE FOUt\lATIONS 

DACKGROUND OF THE INVENTION 

I. Field of the Invention 
This invention relates to the drilling of wells. and 

more particularly concerns an improved method for 
drilling a well through a formation containing uncon
solidated dolomite. 

2. Description of the Prior Art 

merous core holes nnd al lenst one well drilled to ex.
plore a geothermal prospect have been abandoned due 
to this problem. Pflor nrt consolidation methods have 
been fOllnd to be inadequatc for the consolidation of the 

5 incompetcnt dolomitc formations. Therefore. anced 
exists for n method for drilling through incompetcnt 
dolomite formations. 

Accordingly. a principal objec't of this invcntion is to 
providc n mcthod for drilling a well through 'incompe-

10 tent dolomite formations. 

Drilling a well through an incompetent subterranean 
(ormation has presented many.problems. Convention
ally, aqueous-base drilling fluids containing water. clay 
and various additives are circulated through the bore 15 
hole during the drilling operation to carry drill cuttings 
(rom the bore hole to the surface. These clay-containing 
drilling fluids form a mud cake on the bore hole walls 
which reduces the sloughing of the incompetent forma
tion as long as the fluid pressure in the bore hole due to 20 
the standing column of drilling fluid. exceeds the pres
sure of the connate fluid in the incompetent formation. 
Therefore, drilling through typical incompetent forma-

Another object of this invcntion is to provide a 
method for drilling through a hydrothermally-leached 
formation containing incompetent dolomite. 

Yet another object of the invention is to providc a 
method for consolidating an incompetent dolomite for
mation during the drilling operation sufliciently to pre
vent subsequent sloughing of the formation into the 
bore hole duril)g the drilling operation. 

A further object of the invention is to provide an 
improved drilling method by which a relatively thick 
incompetent zone of dolomitc can be penetratcd while 
avoiding sloughing of the dolomite into the bore hole 
and while reducing fluid loss to the incompetent forma-

. tions per se is not particularly a problem. However, it is 
commonplace to encounter a lost circulation zone. ei- 25 
ther in the incompetent formation itself or in an under
lying strata, or to lose the column of drilling fluid due to 
the cumulative effect of individually manageable fluid 
losses to a plurality of formations. When the lost circu
lation results in a fluid pressure in the bore hole less than 30 
the fluid pressure in the adjacent incompetent forma
tion, the formation will slough into the bore hole. A 
stuck drill string often results from this sloughing and 
may lead to abandonment of the drill string and the 
well. 6]5 

The incompetent formations normally encountered in 
drilling oil and gas wells are generally formations which 
contain quartz sand and/or clay. Accordingly, the prior 
art methods of consolidating these formations have 
been directed to injecting one or more chemical solu- 40 
tions to react with the quartz sand or clay to form a 
consolidated sheath about the well bore. Depending 
upon whether or not it is desirable to permanently seal 
the formation from the well bore. the chemical solutions 
can be selected such that the resulting sheath is either 45 
pemleable, such as disclosed in U.S. P-at. No.3, I 7'5.611 
to Hower, or substantially impermeable. such as dis
closed in U.S. Pat. No. b 2.207.759 to Reimers. 

Dolomite formations encountered in drilling oil and 
gas wells are generally competent unless the formation 50 
also contains a significant amount of quartz sand or 
clay. Accordingly. dolomite formations which are sub
stantially free of quartz sand and clay have not required 
consolidation. However. subterranean formations con
taining one or more zones of unconsolidated dolomite 55 
have been encountered in driliing core holes for miner-

tion . 
Further objects, advantages and features of the inven

tion will bccome apparent to those skilled in the art 
from the following description taken in conjunction 
with the accompanying drawings. 

SUMMARY OF THE INVENTION 

The invention provides a method for drilling a well 
through an incompetent dolomite formation. In the 
method, the drilling operation is periodically suspended 
after penetrating a distance into the incompetent forma
tion and the portion of the newly drilled formation 
adjacent ihe bore hole is consolidated by the injection 
of a sequence of discrete slugs comprised of (1) an aque
ous solution containing an acid. a surface active agent 
and a precipitating agent for silicates, (II) an aqueous 
solution containing a water-soluble silicate capable of 
reacting with solution I to form a silicate gel, and (III) 
an aqueous solution of a precipitating agent for silicatcs. 
Solutions I, II and III react in the newly d'rilled portion 
of the formation to form and set a silicate gel thereby 
forming a substantially impermeable. consolidated 
sheath around the bore hole. This sheath serves to pre
vent sloughing of the incompetent formation during the 
later stages of the drilling operation and until the wcll 
can be completed. 

In a preferred embodiment of the method of this 
invention, formations which contain one or more zones 
of the incompetent dolomite arc drilled by conventional 
rotary drilling tcchniques using an aqueous. substan
tially clay-and oil-free drilling Iluid. Thc' well is drilled 
in a plurnliiY of incremcnts and each ncwly drilled por
tion of the formation is consolidated by the nt'orcmen
tiolled treatment prior to drilling the next increment. 

als exploration. and in drilling wells to explore geother
mal prospects. The incompetent dolomite is believed to 
result when a wne of dolomite crystals dispersed in a 
calcite matrix is subjected to pound wilter leaching, 60 
such as hydrotheffilal leaching by a geothermal Cluid. 
The ground water selectively leaches the more soluble 
calcite matm; matenals to leave the unconsolidated. 
finely divided dolomite crystals. These crystals are 
rciatively free Clowing and !Ire prone to sloughing into a 65 
void space. sllch us a bore hole. 

Previous attempts to drill through these unconsoli· 
datcd dolomite formations have been unsuccessful. Nu-

The invention provides the imrortant udv:1n(;Jge of 
consolidating each ponion of the formation as it is cn
countered. thereby avoiding the possibility of a stuck 
drill string due to subscquent sloughing of the forma
tion. The consolidation also subs(antlaiiv ciiminates 
fluid loss to the formation adjacent the ~onsolidated 
nnnular sheath. Furthermore, the consolidation treat
ment cun be and is preferably conducted without pull
ing the drill string from the hole und the method docs 
not require the use of a well lincr or any special tools. 
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4 
DRIEr DESCRIPTION or THE DRA WINGS 

The invention will hI' more rendily understo0c! hy 
reference to the drawings wherein like numerals refer to 
like elements, in which: 

FIGS. 1 through 11 are schematic diagrams of a cross 
section of earth strata which illuwate the series of steps 
carried out in a preferred embodiment of the method of 
lhis invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

dumped into mud pit 62 in order to avoid contamination 
of the drilling fluid, 

FIG. 1 illustrates the st:ltus of well 10 nfter the bore 
hole has been drilled from point A to pOint U into for-

$ mation 16 and the newly drilled portion of the [orma
tion has been consolidated in accordance with the 
method described more fully hereinafter. [)uringthis 
consolidation a substantially impermeable sheath. 
shown generally as 40, was formed around the bore 

10 hole. which sheath preverits sloughing of the formation 
into well 10. 

In the method. the bore hole is extended from point B 
The method of this invention is applicable to all dril- to point C into formation 16 in the conventional man-

ling operations in which incompetent dolomite forma- nero i.e., by rotating drill string 20 and circulating a 
lions are to be penetrated, such as core drilling for min- 15 drilling fluid downwardly through conduit 21 and up-
erals exploration, rotary drilling in the exploration for wardly through annulus 26. Upon reaching point C, the 
oil, gas or a geothermal fluid or in the drilling of wells drilling operation is interrup.ted and the newly drilled 
or shafts to gain access to a subterranean formatIOn. The portion of formation 16. Le" from point B to point C. is 
method of this invention finds particular utility in the consolidated by the sequence of steps illustrated in 
rotary drilling of a well through an incompetent dolo- 20 FIGS. 2 through 11. In these steps. a body of each 
mite formation overlying a geothermal reservoir. reactant solution is lirst positioned in the bottom of the 

A preferred embodiment of the method of this inven- bore hole by slowly raising the drill string as the reac-
lion is illustrated in FIGS. 1 through 11. As shown in tant solution is nowed into the well, This raising of the 
FIG. I, well 10 extends from the earth surface 12 drill sIring reduces the mixing of the reactant solution 
through a first subterranean formation 14 and a short 25 with the other fluids in the well and also minimizes the 
distance (from point A to point B) into a second subter- time during which the drill string is immersed in the 
ranean formation 16. Formation 14 is fairly competent reactant solution. This latter feature greatly reduces the 
and therefore docs not require consolidation. Forma- chances that the drill string will become stuck in the 
tion 16, however, contains unconsolidated dolomite well by premature cementation of the reactant solu-
which is prone to sloughing into the bore hole. Below 30 lions. Next, the well annulus is sealed by one of the 
formation 16 is a fluid-bearing reservoir 18 such as a methods well known in the art and a spacer slug is 
reservoir containing oil, gas, sieam or high temperature injected under pressure to displace the reactant solution 
brine, or other mineral deposits of interest. The objec- into the newly drilled portion of the formation. AI-
live of the rotary drilling operation is to penetrate into though the incompetent formations are normally po-
formation 18 to tap the fluid contained therein or to 35 rous and often drain fluid continuouslv from the bore 
obtain core samples of the mineral deposits. hole, the reaCk1nt solutions :Jre injected under- pressure 

A drill string, shown generally as 20, is disposed in to ensure placement of a slI!!icient quantity of the solu-
well 10 in a conventional manner. Drill 'string 20 in- lions in the formation to : 'm a sizable consolidated 
eludes rigid conduit 21 and drill bit 22 attached to the sheath. Furthermore. the r"neability of the formation 
end of conduit 21. Well casing 24 is disposed in the top 40 is· significantly reduced bv : he injection of solutions I 
of well 10 in a conventional manner to seal off the top and II, therefore solution III must be displaced into the 
strata of formation 14 from the bore hole and to provide formation under pressure. Typically, the permeability '. 
a fluid tight pathway from well 10 to blooie line 28. of the consolidated 'sheath will be on the order ~f les~ r. ~~ •. 
During the drilling operation. drill string 20 is rotated tha.n one thous~~ldth of the permeability' oj;I,he .. ':!!;fl~ 
by a prime mover, 110t shown. and a drilling fluid is 45 sohdated formatIon.. .. .,.~ .. ' '.' =--.'>'-;';'::::;"-':',::::::;r'" .. 
circulated by pump 60 from mud pi,! 62 through line 63, ...• As shown in FIG. 2, the drilling fluid is dispillce((:·".f"~~: 
downwardly through drill string 20, upwardly through upwardly through well annulus 26 by injecting a-,~!yafl.f;':'~· _ 
welJ annulus 26 and out through blooie linc 28 back to liquid through conduit 21 while drill strin-g.20 is rested" 
mud pit 62. Valve 30 is provided on blooie line 28 to on the bottom of the well. Then, drill string 20 is raised' 

, 
shut in well annulus 26. The circulating drilling fluid 50 as a discrete slug of solution I is introduced through 
carries drill cuttings from the bore hole to mud pit 62. conduit 21 into the bore hole to provide body 42 of 

Chemical injection pump 64 is provided to inject solution 1 in the bottom of well 10, as shown in FIG. 3. 
reactant solutions from tanks 66, 67 and 68, and spacer Next, annulus 26 is shut in by means of valve 30 or any 
liquid from tank 69 through line 6J and into well 10. other conventional device, sllch as nn expandable 
Three-way valves 70 lind 72 are provided to switch 55 packer, not shown, positioned on drill string 20. A 
from the drilling fluid circulating system to the chemi· spacer liquid is injected under pressure into well 10 
cal injection system. Tank 66 contains solution I which through conduit 21 to displace solution I into the newly 
is an aqueous solution of an acid, II surfnce active aBent drilled portion of formation 16, fiS shown in FIG. 4. The 
and a water-so1.ublc prccipitlltins agent. Tank 67 con- pressllre in well 10 is then reduced by opening vllive 30; 
was solution II which is on aqueous solution ora \I'oter- 60 drill string 20 is run to the bottom of well 10; find the 
soluble silicate. Tank 68 contains solution I II which is excess solution I is displaced out of anllulus 26 by a 
an aqueous solution of a wilter-soluble precipitating spacer, as shown in FIG. 5. 
agent. And tank 69 contains 11 spacer liquid which is Solutions II and I II nre each introduced into the 
substantially nonreactive with respect to solutions I, II bottom of well 10 find displaced into the newly drilled 
and III nnd tile drilling nlliJ. Three-way valve 72 is 65 portion of formation 16 by the same method as de-
provided on blooie line 28 to direct nny excess of solu- scribed ubove for the injection of solution J. Briefly, 
lion I, II and I II to II disposul site. not shown, through FIG. 6 illustrates body 44 of solution II in the bottom of 
conduit 74. Preferably the e:\cess reactant slugs are 1I0t the bore hole. which was formed by the injection of a 
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6 
discrete slug of solution" through conduit 21 as drill string being stuck in the well. the above-described pro-
string 20 was raised; FIG. 7 illu ~ trates the disriacelllent ce.\S steps arc preferred in order to substantially prohibit 
of solution .II into the newly drilled pOltiol, of forma- this result. · 
tion 16 by a spacer liquid which was injected into the In rotary drilling, the drilling fluid employed to drill 
shut-in well under pres~ure; FIG . !l illuqrates the dis- 5 through strata overlying the unconsolidated dolomite 
placement of the excess solution II urwardly through formation is not deellled critical, but rather Will be se-
the well annulu<; by a spacer; FIG. 9 illuqratcs body 46 lected according to methods well known in the art 
of solution III in the bottom of the bore hole, which wa.~ which derend in general upon the type of strata pene-
formed by the· injection of a discrete slug of solution 111 . trated. However the selection of a drillin~ fluid for 
through conduit 21 as drill string 20 was raised; and 10 drilling through the unconsolidated dolomite is critical 
FIG. 10 illustrates the disrlacement of solution III into ' to the success of the method of this invention. Of 
the newly drilled portion of formation 16 by a spacer course, in those drilling methods which do not require 
Ouid which was injected into the shut-in well under drilling fluids, such as cable tool drilling, none will be 
pressure, used. 

In rotary drilling through an incompetent formation 
by the method of this invention. it is desirable to use a 
clay-free drilling fluid. Clay tends to invade the rela
lively porous incompetent formations and causes plug
ging problems. In adpition, when high temperatures are· 

It is preferred that the amount of mixing of the reac- 15 
tant solutions with other fluids in the well bore, i.e., 
connate fluids and spacer slugs, be minimized and that 
the amount of spacer actually displaced into the forma
tion between the reactant solutions be minimized. in 
order that the reactant solutions become well mixed at 20 encountered, a corrosion inhibitor is usually required in 

the drilling fluid in order to combat the corrosive ef
fects of oxygencontaining gases or carbon dioxide in 
either the drilling fluid, such as an aerated drilling fluid, 

the highest possible concentration of reactant chemi· 
cals. Accordingly, it is preferred that the slugs of reac
tant solutions and spacer be sized such that the excess 
solution remaining in the bore hole after displacement 
by the spacer completely fills the bore hole adjacent the 25 
newly drilled portion of the formation as illustrated in 
FIGS. 4, 7 and 10. TIlis procedure reduces the 3mount 

or in the connate fluid . However, clay tends to absorb 
these corrosion inhibitors so they are not available for 
corrosion protection. Furthermore, while clay-contain-
ing drilling fluids normally form a mud c3ke on the 
walls of the bore hole which serves to temporarily seal 
off incompetent formations, this mud cake is usually not 

of spacer displaced into the formation to the small 
amount due to the natural fluid loss during the displace
ment of the excess solution from the bore hole illus
trated in FIGS. 5 and 8. 

As shown in FIG. 10, a portion of each discrete slug 

30 adequate to prevent the subsequent sloughing of the 
incompetent formati'on when the well goes dry due to 
lost circulation. However. the mud cake is difficult to 
remove by chemical treatment and th erefore effectively of solutions I, II and III has been displaced into forma 

tion 16. Although shown in formation 16 as distinct 
fluids, it will be understood of course that the three. 35 
solutions will mil( in formation 16 adjacent the bore 
hole. Solutions I, II and III interact to form a silicate gel 
which consolidates the formation adjacent the bore hole 
by fomling a substantially impermeable annular sheath 
about the bor:: hole. FIG. 11 illustrates the status of well 4D 
10 after sheath 48 has sct in the newly drilled portion of 
formation 16. Sheath <Wand sheath 4S together form a 
substantially continuous sheath which prevents slough-
ing of fonnation 16 into the bore hole and substantially 
'eliminates fluid passage between the bore hole and for- 45 
mation 16 . . 

The third and subsequent portions of formation 16 are 
drilled and trented by repeating .these same steps. The 
fomlation containing incompetent dolomite will nor
mally be drilled. in a plurality of increments of from 50 
about 20 to about 100 feet in depth, preferably between 
about 20 and about 60 feet in depth, Once the unconsoli
dated fonllation has been [':lssed or the fluid-bearing 
reservoir has been penetrated. the c0nsolidatiof} tre :! t
menl cnn be' sllSl'endro and e0f}vention:l1 drilling ilnd 55 
completiof} methods can be used to compkte the well. 
such as by running n wcliliner or production casing and 
cementing it ill place. 

From tilisdescriptillll o f the preferred process steps. 
it will be apparent til :\! num CfOUS modili ca tions cnn be 60 
made in the method of injection of the reac tant solutions 
into the formation. For examl'it:. it is contemplat ed that 
the so lut io ns e lfl be in jected wit hout the ril is in t! an Ll 
lowerin g of th e drill strin g, and that one or Illore of the 
space r so lut ions nwy be dele ted witho ut ndverse ly af~ 65 
fee ti ng the conso lidat ion of the formuti on. However, 
since the premature Ill i:\i ng of the reac tant solutions o r 
some o ther unforeseen prob lem could result in th e drill 

seals off the incompetent forma! I" (\ flom any fluids 
which are injected into the bore h.:- .. .. <,) consolidate this 
formation. Therefore, ' in drill;n :..' ,;; ro \J gli incompetent 
formations by the method of this Hlvention, clay-con
taining drilling fluids and other drilling fluids which 
form a relatively impermeable and difficult to remove 
cake on the walls of the bore hole are to be a voided. To 
the contrary, drilling fluids which form easily removed 
cakes arc preferred. 

Similarly, oil-containing fluids are to be avoided 
when drilling through incompetent formations by the 
method of this invention, The usc of oil-containing 
fluids often results in rendering oil-wet the formation 
imnlediately adjacent the 'bore hole with a resulting 
lower mobility to aqueous fluids. This lower mobjlity 
undesirably reduces the injectivity of the aqueous treat
ment solutions. It is critical to the success of the consoli
dation treatment that the reactant solutions I. II and III 
penetrate into the unconsolidated formation in an 
amount sufficient to consolidate a sizable sheath about 
the bore hole. such as an annular sheath having a differ
cnti:ll radius of at least 3 inches nnd preferably at least 6 
inches. In order to consolidate a sheath this large, n 
fairly substnntial quantity of th e reac tant so lutions Illust 
be displaced into the un cllnsolid:ltcd formation. Ac
co rding ly. an y fluid which redu ces the perm eability of 
the formati on. such as clay- or o il -co ntainin g drilling 
fluid , should be avoided. In particular, cakeformin g 
conventional drilling fluid <I dditi ves suc h as c lay, lig
ni te, li gnin and lm t c ircnlati on material s whic h fo rm 
cakes which nrc diffic ult to remove should be avoided, 
if poss ible. whil e drillin g thro ugh the sloughing dolo
mit e formation. 

Aqueous drilling fluid s w hic h ure substantiall y free of 
o il and c lay arc preferred fo r use in drilling th rough 
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the type of ncid and precipitaling agent contnined in the 
solution. In general, Ihe surfactnnt must be soluble in all 
aqueous acidic solutioil containing multivalent cations. 
Accordilir,ly, surface aclivc sulfalcs lind phosphates 
which form precipilates With multivalent calions are 
not suitable. Additionally. vi~cous soops, such.as sodium 
and potas~ iul11 sails of proccsscd or modified rosins. as 
well as other vi scosity increasing agents. Stich as poly
acrylamides, arc to be avoided since thcsc reagents 

10 adversely reduce Ihe mobility of the solution. If the 
viscosity of solution I is increased, the quantity of the 
reactive solutions displ aced into the incompctcnt forma
tion will be less. thereby rcducing the effcctiveness of 

Incompetent dolomite formnlion~. Suitable drilling flu
Ids can consist essenl ia lly of waler or a sodium chloride 
brinc; howcver I"esc nllicl s ue oflen not s uil~ble ill a 
particular wdl due to a hi i' h ll11id loss or low density. 
As is known, a watcr·soluble polymer can bc added to 
increase the viscosily of the drilling nuid and to im ' 
prove the nuid loss pro pe rties or the drilling fluid. 
While a high nuid loss is to be avoided, a very low fluid 
loss is also undesirable since this indicates that the for
mation has been rendered rcbtively impermeable to 
water. Prefcrably thcpolymer is selected to reduce the 
fluid loss to an acceptable leve l without adversely af· 
fecting the permeability of the formation to the consoli
dation solutions. Slightly crosslinked polymers, such as 
slightly·crosslinked acrylic and hydroxyet hylccllulosc 15 
polymers, have becn found to be effective. On the other 
hand, heavily cross linked heteropolysaccharides and 
polyacrylamide polymers have been iound to detrimen· 
tally affect the consolidalion treatment . Preferred poly· 
mers included the hydro .~ ycthylcellulose polymers mar- 20 
keted by Hercules, Inc . under the trademark l\'atrasol. 
Particularly preferred polymers are the sod ium poly
acrylates marketed by Ameri can Cyanamid Company 
under the trademark CYP:1f1 an d those polymer addi
tives marketed by Rotary Drilling Services and X·L 25 
Laboratories under the tradema rk Ben-EX and by Pal
Mix under the trademark Super·X. 

the consolidation trcatmcnt. 
Surface active amincs. alkyl sarcosines, n·alkyl tri

methyl ammonium chloridcs and sorbitan monolaurates 
have been found to be uscful in the method of this .in
vention .. An ethylene oxide condensation producl of the 
primary fatty amines marketed by Arrnak Company 
under the trademark Ethomeen C/15 is an example of 
the cationic surfactants found 10 be useful in this inven-
tion . Also useful are the cocoyl sarcosines marketed by 
Ciba·Geigy Corporation under the trademark Sarkasyl 
LC (anionic), the n·alkyl trimethyl ammonium chlo
rides markeled by Armour Industrial Chemical Com
pany under the trademark Arquad T-50 (calionic) and 

Conventionally, a weighting agent such as calcium 
carbonate is added to an aqueous based drilling Iluid to 
adjust the fluid density and to improve l1uid loss con- 30 
trol. A calcium carbonate weighting agent marketed by 
Drinadd Company under the trademark Sluggit has 
been found to be suitable . 

the sorbilan monolaurates marketed by Atlas Chemical 
Industries under the trademark Tween 20 (non ionic). 

The most preferred surface active agents are those 
surface active amines which exhibit corrosion inhibiting 
properties. Most corrosion inhibifors .have sllriace ac
tive properties and, if compatible with the aqueous acid 
solution conlaining mullivalent cations, are preferred 
for use in the mcthod of this invention. Suitable corro-One suitable drilling Iluid is an aqueous solution con

taining about I pound per barrel of Cypan sod ium poly- 35 
acrylate and about 10 pounds per barrel of Sluggit 
weighting agent. 

Although drilling fluids which form easily removed 
cakes are preferred. it is contemplated that under some 
well conditions the only suitable drill ing Iluid will be a 40 
clay-containing fluid . The method of this in ve niion can 
still be used to consolidate Ihe incompelent dolomite 
adjacent the bore hole but app ropriale steps must be 
taken to remove the mud cake bet'ore solutions I, II and 
III are introduced into the iorma tion . It may be neces- 45 
SRIY to remove the mud cake by an acid treatment, such 
as a flush of hydrofluoric acid, or by means of a me
chanical scra per. 

Solution I is an aqueou's solution containing an acid, a 
surface active agent and a precipitaling age nt for sili- 50 
cates. The acid is se lec ted from the water·sol ubl e inor
tanic and organic ac ids which fonn water·soluble salts 
with the surface active agent nnd the lllultivnlcnt cnlion 
of the precipi tatin g age nt. Dependins on th e p;lI:ticulllr 
precipitnting IIgent, suitnbl e inorgnnic acids include 5~ 
hydrochlo ric, nit ri c. h yd roi ,'d ie , h yd roll ut)ri.: a nei hy
drobromic ncids. Sui lablc org'l nic !lClds include formic. 
IIce tic, propio ni c nnd ci tric acids. J'lyd roc hl orlc acid is 
particularl y preferred . So luti l1 n J will normally co nt ai n 
between IIbou t 0.5 and noollt 20 \\'eight percent of acid. 60 
with good rcsu ll s bc in g ob l'lined with be tween I IInri 10 
weight pcreent. und particularly bctwecn 2 and 5 
weight percent of acid. 

T he surface active ,1genls u~eflll in Solution I include 
anion ic, nonionic. cationic and amphotcric ar,cnls. (cf. 65 
Detergents and Emuls illCfS. 1975 Annu nl, John W. 
McCutcheon, Inc. ) A widc V0nety of surfac tnnts !Ire 
useful, but Ihc preferred sur fa ctant wi ll depend upon 

s~n inhibitors which can be used either alone or in 
addition to the afore-mentioned surfactants in Solution I 
include a corrosion inhibitor marketed by the Hallibur
ton Company under the trademark HAI-75 and an 
amine corrosion inhibitor 'marketed by The Dow Chem
ical Company under the tradcmark Dowell-A· ! 30. 

Solution I will contain between about 0.005 and about 
5 weight percent of Ihe surface active agent, WIth good 
results obtained when the solution contains between 
0.05 and J weight percent of the surface aClive agenl, 
more particularly between about 0.1 and 0.5 weight 
percent. The concentration of the surface active agent 
should never be enough to cause a significant increase in 
the viscosity of the solution or to otherwise rcduce the 
mobility of the solution in the dolomite fOnl13lion. 

The prccipitating agents suit able for use in the 
method of Ihe invcnlion include the water-soluble salts 
of multivalent cations which react with si licates to form 
and set a silicate gel. Suitable mullivalent cations in
clude Ihe ulkaline earth Illctals, .~uch os magnesium, 
ca lcillill. SIWlltiulll Rild borilll11, and certain o r the transi· 
tion l11 et:II s. slI ch as zinc. l1l a n ~a noe , iron. ni ckel 'IInd 
cobn lt. Iron nnd ca lcium :1[e the preferred multival ent 
cat ions clue to their ava ila bi lit y and low cost. S uitnbl e 
prccipi tRtin g agenls in clude Ih c Illultivolent ca ti on salts 
of inorgan ic acids. stich ;I S hydroc hloric. hydrobromic, 
hydro iod ic and nitric ac id s, nnd the multi vale nt ca tion 
sa lt s of organic acids. such ns t'orrn ic. ace tic. propionic 
nnd citric acids. Ch loride sa lt s :Ire prcferred due to their 
low cosl. wit h iron and cniciulll ch lorides being p'lrlicu. 
Iarly prcferred. Snlulio n I should contain betwcen 
about 1 nnd about 20 wcight perce nt of thc preeipit :lting 
ngcllt. Good rcsu lls are obtai ned when the conce ntra· 
tion of Ihe precipitating nge llt is between about 2 nnd 10 



. ' 

·1 

I . , 
"I 

, , ! 
-t 
,I 

, , " 
, .#. : 
. I ' 

; ~ , . ' I 
.1 .. ' ; 

• ! 
: ! 

. 
J " . 
r 

,1 ., 

, . 
• 

9 
4,120,369 

10 
weight percent, more particularly nbout .5 weight per
cent. 

Solution I comprises an nqueous so lution containing 
from nbout 0.5 to ~bou t 20 weigh t percent of II water
soluble acid, from about 0.005 to about 5 weight perccnt 
of n surface ac tive agent, and {rom :thout 1 to about 20 
weight percent of a water -soluble precipitatlrlg agent 
(or silicates. Particularly preferred compositions for usc 
as Solution I include aqueous solutions comprised of 
fresh water containing from about 2 to 5 weiv,ht percent 10 
hydrochloric acid, from about 2 to 10 weight percent of 
lron or calcium chloride, and from about 0.1 to about 
0,5 weight percent of either HAI-75 corrosion inhibitor 
or Ethollleen C/15 surfactant or mixtures thereof. 

Solution II is an aqueous solution containing a water- IS 
soluble silicate which is capable of reacting with the 
precipitating agent of Solution I to form and set a sili
cate gel. Suitable silicates include organic silicates, such 
liS ethyl-ortho silicate, and inorganic sijicates, such as 
the alkali metal and ammoniulll silicates. The ' albli 20 
metal and ammoniuTll silicates are preferred and sodiulll 
silicate is particularly preferred. SoJium' silicate is a 
relatively complex inorganic substance, available in 
various grades frolll Na~SiO, to Na)O.4SiO! and any of 
tllCse grades may be suitable for the purposes of the 25 
invention. A sodium silicate marketed by the Philadel
phia Quartz Company as a 37 % concentrate under the 
trade name Sodium "N" Silicate is particularly pre
ferred. The concentration of the silicate in Solution II 
should be at least about 7 weight percent. The concen- 30 
tration of silicate should not however be so large as to 
render Solution II difficult to pump. . 

sheath. Although the voluJ11es clln vary widely, the 
following volllm~s nre presented as e~emplnry for the 
treatm~nt of 30 ket of'newly dnlled formnllon for the 
indicated si7.e of bore hole by the method illustrated in 
fIGS, 1-11. 

Volume or 
Treatment Stug,_~ 

llore Diam. Dor< Dinm. 
Treatment stug Composition U·in~h Il - on~h 

I) Spneer J% NnCI t40 320 
1) Solution I 5% CaCt! 200 370 

2% HCI 
0.2% HAI-75 

3) Spacer 3% NaCI 100" . ISO" 
2)0" )7(1" 

4) Solution II tS.5% Na,SiO, 200 370 
5) Spaca 3% NaCI . 100" 180" 

230" '30' 
6) Solution III . 5% CaCI, 200 370 
7) SpReer J% NaC[ 100" 180" 

140" 320' 

SrJcrr in)C"clrd under rr('»ur~ to dl~rlACC • Irke vnlumc C'r rucl l nl Kllulion inlo 
the:" rOnllJh.l n, 
SpJccr introduced 10 displace uceSl rcactant solution (rom the bore holt. 

The suitabilit y of a particular combination of reactant 
solutions for consolidating incompetent dolomite can be 
determined by a Dolomite Consolidation Procedure, as 
follows: 

Dolomite crystals from a hydrothermally-leached 
formation arc placed into a L5-inch glass tube on a wire 
screen supported by a rubber stopper, so as to form a 
loosely packed, I-inch thick cake on the screen. The 
rubber stopper is provided with a i-inch tubing which 
provides fluid tight communication between the glass 
tube and a vacuum tlask, 

Preferably, Solution II comprises an aqueous solution 
containing between about 5 and about 40 percent of an 
alkali metal or ammonium silicate. ,One suitable silicate·35 
solution is made by diluting the sodium "N" silicate 
concentrate in a one to one ratio with fresh water to 
yield a 18.5 weight percent solution of sodium silic!lte. 

Solution III is an aqueous solution containing a pre
cipitating agent for silic3tes. The precipitating agents 40 
disclosed above as a constituent of Solution I nrc also 
preferred for use in Solution III, and the precipitating 
IIgents employed in these solutions cun be the sallle or 
different precipitating agents selected from the afore
mentioned precipitating agents. Iron and calcium chlo- 45 
rides are preferred precipitating agents. Solution III 
should contain between i)bout I and 20 weight percent 
of the precipitating agent, \",ith good results being ob
truned when the concentration of the precipitating 
agent is between 2 and 10 weight percent, particularly 50 
about 5 weight percent. 

The dolomite cake is saturatcd with a 3 weight per
c::nt sodium chloride solution and then sequentially 
contacted with each of solutions I, II, III by placing 40 
milliliters of the prepared solution on top of the dolo
mite cake and drawing a slight vacuum through the 
lilter cake. Any excess solution which remains on top of 
the dolomite cake after 30 minutes is carefully poured 
off and measured prior to treatment with the next solu
tion. Subsequently the rubber stopper and wire screen 
are removed from the glass tube and, if the dolomite 
cake docs not fall out the glass tube, the tube and cake 
are immersed in a beaker of water. A fter several min
utes, the dolomite cake is qualitatively judged for con
solidation and rated as follows: 

The spacer liquid is an aqueous solution which is 
non-renctive with the drilling fluid and solutions I, II 
lind 1I1. Suitable liquids include fresh water and dilute 
solutions of nlknli I1l c t ~ 1 nnt! iHIl11l0lliuII1 s:llts, such liS a 55 
3 wciE: ht percellt 50 11ltil)[1 of Nne!. 

Solutions I, II llllJ Ill. and th e s!,Hce r liqllid should be 
suhstantiall y oil-free. Any oil injec ted into the uncon-

. solidatcd fomlation ",ill udverscly atlect the cOll solid a
tion treatment by reducin g the quantity of reac tive 60 
solutions injec ted Iln d by causing the consolidated 
sheat h to be more permeab le. 

The volumes of th e r c~c t a l1t so lutions employed to 
consolidate each newl y drilled porti on of the incompe
tent fo rmation will depend, of course, on the diameter 65 
of the bo re hole, th t: conce nt ru tio ll s of rt:ac t[l nts lIsed, 
the length of th e II cwly dril led por ti on of the bore hille, 
and the desired thi ckncss of th e eonso lidat .J annular 

CONSOLIDA TION INDEX 

o - Cake falls out of the tube prior to immersion in 
water. 

I - Cake rem[lins in tube but has a mush consistency. 
2 - Cake h[ls a hard top or bottom surface but the 

other surface is soft . 
J - Cuk e hns II hurd top or bo tt om surface with the 

other surfnce bein g semi-hard. 
4 - Cake h:1s a h[l rd top and bO llom but had a small 

qUllntity of loose pieces on the top. 
5 - Cuke is so lid and h[ll'd . Dased on this tes t, the 

combinations of reac tant solutions selec ted should 
have a Consolida ti on Inde~ of at le;Jst 3 and prefer
ably should have a Conso lida tio n Ind ex of 4 or 5. 

The invention is furth er ilillstrated hy the fo llowing 
examples wh ic h are illustrative of specifi c modes of 
prac ti c ing the in vc ntion and li re not int endcd as lillliting 
the scope of the iuvention as detined by the appended 
claims. 
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EXAMPLES 1-9 

The witnbility of various conbinations of reactant 
solutions for lise in th e method of this invention is deter
mined by the Dolomite Con~()lidation Procedure de
scrihed nbove. Solution I of E.\ amplcs \ - 6 lack one or 
/11ore of the· essc ntial in )'.rc:dlcnts of the ~ollit i ou s or this 
invention and Me run for comrarison with Examples · 
7-9 which arc within the scope of this invention. 

dolomite cake is contncted with the renctnnt solutions 
per Ihe Dolomite Consolidation Procedure. 

The compositions of the various aqucolls drilling 
fluids lind solutions I. II and III. and the corrcsron~ling 

5 Consolidation Indices. nrc prest'llted in Table 2. The 
drillinr, fluids of Examples 10- 14 arc suitablc for the 
mcthod of this invcntion. Ilowevcr. the drilling IltJlds of 
Examples 15 and 16 arc clearly unaccertable since they 
reduce the permeability of the dolomite to the subse-

The compositions of the various solutions and their 10 quently injected reactant solutions. 

TABLE 2 
EXAmple No. to tl 12 IJ 14 IS 16 

Drilling Fluid 
Polymer Super·X Den-EX NairasolllR250 CyrAN XC·AL SC-Polymer 

t Ib/Uhl I O.S I.S 2 1 
Sluggil. IblDbl 10 to to 10 10 10 
ml/16 hr. 130 26 230 42 S<! 31 

to 
30 

Solulion 1 
ml/30 min 6 13 40 40 40 . <I 
DCI. S% S% . S% S% S% S% 

<I 
S% 
2% HCI - 2% 2% 2% 2% 2% 2.% 

Surf.cI.nl 0.25% 0.2% 0.2% 02 l% 0.2l% 0.25% 
Iype IIAI -75 HAI·is IIAI -75 /lAI -7S HAI · 7S IIAI -75 

0.2~% 
HAI-7S 

Solulion 11 · 
ml/30 min 9 S 11 10 . 22 3 3 
18.S 'i'o sodium 
,i lic.te 
Solution III 
mll30 min 4 <I 2 <I 
S% CaCl: 

Consolidalion 
Index 4 4 • 0 o 
XC·AL i$ • highly cr(l~link(d h((cropoly .... c~hHidC' m:ukctcd by Xanco Oil Field Producu 
XC·polymer is • high molecular wei~hl hetcropolY$.ilIccharidc mllrkttcd by Xanco Oil field Products , 

corresponding Consolidation Index arc presented in 
Tahle I. The composition ~ of Examples 7-9 which are 
within the scope of thi s in vcntion have Consolidalion 
Indices of 3 or above. And the compositions of Exam
ples 1-6, which are outside the sco pe of this invention, 
have Consolidation Indices less than 3 and are not suit
able for the purposes of this invention. 

E.emple 
No . 

Solution I 
mV30 min 40 33.5 
C.Cl. 5% S% 
HCI -
Surractant 0. 1% 
-type Elhomeen 

C/lS 
Solution 11 
ml/30 min 6 
sodium 37 % 37% 
silic.te 
Solution III 

40 
S% 

12 
18.S% 

TABLE I 

4 

40 
S% 

0.1% 
Ethomeen 

C/IS 

8.5 
18.S% 

8 
5% 

0.2% 
Sarkos yl 

LC 

1 
18.S% 

While particular embodiments of the invention have 
been described, it will be understood, of course, that the 
inven.tion is not limited thereto since many obvious 

35 qlOdificalions can be made, and it is intended to include 
within this invention any such modification as will fall 
within the scope of the appended claims. 

Having now described the invention, we claim: 

6 

23 

2% 
0. 1% 

Ethorneen 
C/15 

13 
18.S% 

1 

11 
S% 
2% 

0.2% 
Ethorneen 

C/lS 

to 
18.5% 

40 
S% 
2% 

0.2% 
Sarkosyl 

LC 

16 
18.S% 

9 

40 
S% 
2% 

0.2% 
Tween 

20 

22 
18.S% 

ml/30 min <I 6 10 9 
S% CaCI ! 

Consolidalion 
ludex 

EXlI lI1pl es 10- 16 

Similnrl y, the su it abi lit y of vnrious aq ueous drilling 
fluids for use in ·th e me thod of thi s invenl io n is deter
mined by 1I modili ca tion or th e Dl)\ l)l11ite CO ll so lidation 
Procedure. After th e dnlomitc cake is saturated with 
the 3 weight rcrccilt sodiu m chl oride solutio n. a 100 
millil it er co lulllll of dri llin g lluid is poured onto tlte iOp 

1. In R mcthod for drilling a bore hol e throu gh a 
subterranean forma tion con taining one or more zo nes of 
unconsolidated dolomite. the improvement w hich com

t>{) rri ses the steps o f: 

of Ihe dolomit e cnke Ilnd n vnCU lIlIl is drawn on the 
bott om of the cake for 16 hours. If th e drilling flu id 65 
d rains quickl y, Ililother measured quantity of drillin g 
fluid is !ldded. A t the rlld of 16 hOllrs. Ilily excess dril 
ling fluid is curt' fully poured of1' !lnd measured . Then the 

(a) drilling a distancc throu gh sa id subterranea n for
Ill'ation, thereby exposing a newly drilled rortion of 
sa id format ion; 

(b) inte rr urtin g said drillin g; 
(c) introducing into said .bore hole 1I seq ucnce of dis

crete reac lant slu gs of substanti all y oi l-free so lu 
tions compriscd of (I) an nqueous solu ti on cont ain 
ing a wnter-solub le acid, a water-soluble surface 
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14 
nctive agent and n firq w~ter- soluhle prec ipitating 
IIgent for silicates; (II) an aqueous solution contain
ing a water -so luble ~ il il';J!t:; and (Ill) ;I n aqueous 
solution containing n .~ccond water-so luble precipi-

drill string to displace the remainder of said reaclant 
slug upwardly throllgh said annular splice . 

12. The method defi ned iiI cllllm I wherein said solu
tions I, II, and III arc selected such that their Consolida-

tating agent for sili ca tes; S lion Indcx is at least 3. 
(d) displacing e~ch of ~;J id reac tant slu~~ from s;Jid · ]3. In a method for drilling a bore hole through R 

bore hole and into s:lid ncwly drilled portion of subterrane:lII formation contaIning one or more hydro-
Mid formation, wherein s;Jid reactant slugs become thermally ·leached zones of unconsolidl1ted dolomitc 
mixed; overlying a geothermal rese rvoir, wherein II substan-

(e) allowinf, said reactant slu!!s to react in said newly 10 tinily oil- and clay-free drillilig fluid is passed through 
drill ed portion of thc form ation, thereby formin g a the bore hole during the driJling operation, ·the im-
substantially imperm eable, consolidatcd annular provcmcnt comprising thc stcps of: 
shcath about sa id bore hole; and (a) driJling a short distance through said subterranean 

(I) resuming said drillin g. formati6n, thereby exposing a newly drilled POl'-
2. The method defined in claim 1 whercin said bore 15 tion of the formation; 

hole is drilled throu gh said formation in a plurality of (b) interrupting said drilling operation; 
incremcnts, each of said increments being drilled and (c) introducing into sa id bore hole a sequence of dis-
consolidated by sa id steps (a) through (I). . crete reactant slugs ·of ·substantially oil -free solu-

3. The method defined in claim] wherein sa id zones tions comprised of (1) an aqueous solution contain-
containing unconsolidated dolomite are hyd rothermally 20 ing from I to 10 weight percent or a water-soluble 
leached zones which arc substantially free of quartz acid selected from the group consisting of hydro-
Sllnd and clay. chloric acid, hydroOuoric acid, ace tic acid and 

4. The method defined in claim 1 wherein said first citric acid, from 0.05 to 3 weight percent of a sur-
and second precipitating agent.~ for si iicate arc water- 25 
soluble salts of multivalent ca tions which renct with 
silicate to form a silicate ge l. 

·5. TIle method defined in claim 1 wherein said first 
and second precipitating agents are selected from the 
group consisting of calcium chloride and iron chloride. 30 

6. The method defined in claim 1 wherein said surface 
active asent is selected from tile group consisting of 
surface activc amines, alkyl sarcosines, n-alkyl trimethyl 
ammonium chlorides, sorbitan monolauratcs, and mix-
tures thereof. .. .. ~5 

7. TIle method defined In cl:um 1 wherem satd surface 
active agent is a corrosion in hibitin g composition. 

8. The method defined in cl aim 1 wherein snid water
soluble acid is selected from th e group consisting of 
organic and inorganic acids which form water-soluble 40 
snits with said first precipitating agent. 

9. The method defined in claim 1 wherein said water
soluble acid is se lec ted from the group consisting of 
hydrochloric, hydroflu oric, acetic and c itri c acids. 

10. The method defin ed in cl:lim 1 wherein a drillin g 4S 
fluid is circulated throu gh said bore hole during the 
drilling step and wherein s~ id reac tant slugs are sepa
fated frolll ench other and from sa id drilling fluid by 
slugs of 81) inert spacer liquid. 

11. TIle meth od de fin ed in el:Jim 10 wherein said 50 
drilling Ouid is circula ted downwardly th rough a drill 
string disposed in said bore hole and upwardl y throu gh 
the annulnr space between sa id drill strin g alld the walls 

face active agent selected from the group consist
ing of surface active amines, alkyl sarcosines, n
alkyl trimethyl ammonium chlorides, sorbitan 

. monolaurates and mixtures thereof, and from 2 to 
10 weight percent of a first precipitating agent 
selected from the group consisting of water-soluble 
multivalent cation salts of hydrochloric acid, hy
drofluoric add, acetic acid and citric acid ; (II) an 
aqueous solution containing from 5 to 40 percent of 
a water-soluble, inorganic silicate se lected from the 
group consisting of alkali metal and ammonium 
silicates; and (III) an aqueous solution containing 
from 2 to 10 weight percent of a second precipitat
ing agent selected from the group consisting of the 
water-soluble multivalent cation salts of hydro
chloric acid, hydroOuoric acill, acetic acid and 
citric acid, said sequence of said reactant slugs 
having a Consolidation Index of at least 4, and each 
of said reactant slugs being separated from each 
other and from said drilling fluid by slugs of an 
inert spacer liquid; 

(d) sequentially displacing each of said reactant slugs 
from said bore hole into said newly drill ed portion 
of the formation, wherein sa id slugs become mixed; 

(c) allowing said rpctant slugs to reac t in said newly 
drilled portion of the formation thereby forming a 
substantiaJly impermeable, consolidated annular 
sheath about said bore hole; and 

(I) repeating said steps a) thrl) uf,h e). 
14. The mcthod defined in c laim 13 wherein said 

55 short distance comprises between about 20 to nbout 100 
fect. 

of said bore hole, fi nd wherl'i ll e:Jc h of s:lid reac tant 
slugs arc illdi vidually intr0d uced into s:lid b,He hoic alld 
displaced illto s:lid lI ewly drill ed pt) rt io n o f sa id r(~rrna 
lion by thc consecutive stcps l'omprised of ilowillg said 
reac tont slug dO\\,lIw!lrdly th r0 ugh said drill strill g flS 

said drill strill g is raised to ·1\ prcdetermined position, 
thereby formin g a body of said re:lc tant slug in the 60 
botl om of said bore hole; tCIl1!'o rarily sea ling sil id an nu-
lar space; injecti ng n iluid sp:lcer into sa id drill string 
whilc said drill strin g is m:lint:lined in sniel predcter
mined position , thereb y dl spi:lcing ot lellst n port ion of 
said rcac tollt slu g into sllid ncwly drilled portion of sa id 65 
formation; openi ng said annu l:)r spnce; lowcring said 
drill string to 11 point nenr the Qt)ttom of said bore hole; 
and circu lot ing a iluid spacer dOll'nwllrdly throu gh sa id 

15. T he method defined in claim 13 wherein s:lid first 
and second precip it ating agt' nts are se lected from the 
group consist ing of iron c hl or ide and ca lc ium ch loride. 

]6. T he method de fill cd in c laim ]J where in sa id 
surfncc Ilc tive lIsent is a corrosion inhi biting composi
tion. 

17. The method defined in claim 13 wherein said 
solution I comprises an oqucous solution con taining 
abou t 5 weight percent colcium c hloride, about 2 
weight percent hydrochlori c I1c id und between about 
0.1 onc! 0.5 weight percent of on ethy lene oxide conden
sn tioll product of the primary fatty amines. 
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18. The method defined in claim 13 ';'.'herein "aid 

drilling fluid is circulated downwardly throu~h a drill 
~Iring di~posed In ~;\ld bore holt an'd IIpwardlY thrnur.h 
Iheannular space between s:ud dnll stnng and the walls 
or said bore hole. and wherein each of said reactant 
slugs arc individually introduced into said bore hole and 
displaced into said newly drilled portIOn or said forma
tion by the consecutive steps compnsed of flowing said 
reactant slug downwardly through said drill string as 
said drill string is raised to a predetermined position, 
thereby forming a body of said reactant slug in the 

bottom of said bore hole; temporarily scnling said annu
lar space; injecting a fluid spi1Cer into said drill string 
while said drill ~tnllg is lI1:lIlllained In SHiel prnletcr
mined pmilion, thereby displacing at least u portion of 

5 said reactant slug lIlto said newly drilled portion of said 
formation; opening said annular space; lowering said 
drill string to a point ncar the boltnm of said bore hole; 
and circulating a lluid spacer downwardly through said 
drill string to displace the remainder of said reactant 

10 slug upwardly through said allnular space. 
• • • • • 

IS 

60 

65 

II 


