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This inventic relates to the art of earth O'- 
ing, acre particularly oil well drilling and new 
and improved oil well drilling fuids. The whole 
application is a continuation in part of our co 
pending application Serial No. 85,334, filed June 
15, i936, which in turn is a continuation of our 
apolications Serial No. 67,530, iiied Narch 6, 1936, 
and Serial No. 70,554, filed March 17, 1936, the 
latter having matured into United States Patent 
No. 2,044,758, granted June 6, 1936. 
As is well known in the art, a fluid mud is 

pumped dow: Waldly through the drilling Stein of 
a rotary drilling rig and passes through inoles in 
the bit, Washes over the cutting faces of the bit, 
and rises to the Surface through the annular 
Space Sui'rounding the drill pipe, this annular 

tic 
Space approximating tie amount by Winich 
dia.netter of tie oit exceeds the diameter of 
dirii Stein. There are two essential caracter 
istics of oil Welli drilling inudis requi 
pish two more or less distinct fu xis. One 
characteristic required is that tie ind contain & 

Of material which Willi effectively Sea; the Wals 
the Open hole inade and honogene OS 
the cuttings Wiich pass froin tie 
through the annular Spaces Surrounding the drill 
Stein at times when tile pinpS are not circulat 
ing the nud. There are a nuber of Otier eifects 
obtained from a good Wall. iiilding nudi Wich 
have previously been discussed. The Second re 
quileinent for oil Welli ild very often is tiet 
the nud have a Weight per unit voluJae consid 
erably in excess of tine weight of Water in Order 

A 

to produce a head resistant to unusual gas or . 
Water pressures encountered during boring, and 
to assist in forcing Wall building iaid into folina 
tions for better Sealing characteristics. 
Tie accorpiishment of these two requileinents 

for an oil Weil dirilling nud is in in any instances 
co-ningied; for example, in the present &t, if 
a mud is to be Weighted to 12 pounds per galloi, 
lihatcial under the first classiiication must be 
available in the nud to honogeneously Support 
the Weigiiting naterial as Well as the cuttingS. 
The greatest part of the weighting material used 
at the present time in the art consists of either 
fircly ground baytes or iron oxide, both of which 
have strong settling tendencies. For purposes of 
clarity in this specification. We Will tel'n Inud Re 
ki'clic;ts of the first classification gol-VW.), 
aid 'cs, i.e.cnts of the Second classiicatioji 
Weighting-ty2e. 
An object of this invention is to provide a new 

and in proved weighting tyc of diligratic and 
in combination with this a , , , and improved ge:- 
type I.i.d. ther objects Wii appear hereii 
aite. 

lic ideal weightcc driliig id is Cie 
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'ectly in excess of hydrostatic head pressures 
ave been encountered in many forinations. The 
Oilowing table denonstates the rapid increase in 
ressure per Square inch for comparatively small 
dditions to the Weight of one gallon of mud. : 

TABLE I 

Hydrostatic head in a typical well 10,000 feet deep 

Increaso in 
Wt. pergal. Actual pres Sp. gr. libs Sure,ibs. per RSS Sq. in. ... per 

SQ.. in 

S. 33 4,335 0. 
9,00 4, 67S 3-3 
0.00 5, i-S S03 
i. CO 5,71S 1,3S3 
2.00 6,237 902 
3.00 6, 757 2,422 

w ii. (0 7,277 2,02 
i. 5.60 7,707 3, 62 

G. CO S,316 3,9Sl 
2. 03S 7.00 S, S30 4, 50l. 
2.58 iS.0) 9,356 5,02) 

-e Weigiiting materials used in the present 
arc, i. e., ii'Oil oxide and baytes, when allowed to 

tle after being mixed with water will reach a 
critical density of ictween 18 and 19 pounds per 
g&ilon. For example, if a mixture of either of 
these Weighting materia is and water, weighing 
is pounds per gallion, is allowed to stand for ap 
proximately 48 houl's, the settled portion of the 
Weighting material left after decanting the super 
natant Water Will have a density of between 18 

19 pounds. The addition of gel-type material 
to Such mixture Will decrease the density of 
tic Settied naterial, but to accomplish the con 
piete Suspension of the matclial it is necessary 
to nake Such & Viscous naSS that its use Would 
not be practical in an oil Well. For example, a 
brine gel Was inade containing 5% of brine gel 
acterial treated. With 5% of its dry weight of 
i.e, and there was added finely ground Weighting 
laterial. The mixture was thoroughly agitated. 
he resultant viscosity was 86 centipoises and the 

Weigiit per gallon was 13.i pounds. The maxi 
nunn desirable viscosity for practical use ap 
proximates 40 centipoises. After settling for 24 
hours the Weight of the settled material was 14.6 
pounds per gallon, Similar tests showed that the 
weight of an 11-pound mud increased to a 12.5- 
pollic Scti: inlci. It is characteristic of these 
atch'ials that the ilio3t cicise Settling takes place 

at the bottoia of collinn, which in an oil Well 
tends to Stick the bit. Thus, it is evident that in 
drilling practice With heavy nudis the rate of 
circulation must be considerably depended upon 
to prevent settling in the holic. In aany instances 
diis i.ave been Stuck Wien the circulation, for 

o; anoic, as locei Siut down for a, 
literiore, when the nuld has h 
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-- as ound that the weighting naterial setties out to 
a considerable extent, falling to the bottom of the 
pit along with the heavier cuttings that are being 
discarded. The refuse is customarily jetted out 

6 of a Setting pit into a discard pit and it is obvious 
that a considerable amount of weighting materia. 
goes into discard in this way. In actual practice 
it is often necessary to use two or three tinnes the 
ainount of Weighting material which would be 

i0 inecessary to make the rudi to iiii the hole and 
tie pits provided none of the weighting material 
Were discarded. In addition to tais, it is often 
true that where a mud weighing inore tha: 22 or 
12 pounds per gei ion is So Viscous aid convains 

t lö So illch Solid mašte that it is iOSSilic to drop 
1. 1 - - - - ---, -- - - - sea -- - a . - s a the cuttings "Ougii, ii. On the botton of the 
hole, it is calising increased Wea. On the equipient 
and defeating the purpose of the Sciting pits, 
Our piesent invention eliminates all of these 

O 20 dificulties besides providing new advaitages fo 
the nud. We have foud that by adding to cii 
well diriling fiuids a Water-solubie heavy retai 
Salt or a conbination of Salts which are soloie 
in Water, it is possible to increase the Weight of 

25 tile drilling fiuid without tie necessity of adding 
a SuSpain died type of Scid weighting materia: Sch 
as is now used in the art. We have found t 
where Single Soluole eavy metal salts are added 
for weighting purposes, a Salt, which When dis 

30 solved in water at ordinary teiperatures viiiifolin 
* M - 

desirable, it b3ing tus possible to increase the 
Weight of drilling fluid much aore ta: titat of 
ional fuid aid into the age of Wici, incy pe 

35 called heavy driliig fluids, or iistance, i.oire 
than 11.5 pounds per gaiion Weight. 
We have found that tici?e is co: Siderage eco 

nomic advantage in inakii.3 heavy drilii.g. iiids 
by the use of noire than one Saii in tic Solution. 

40 iiere is also a great technical advantage in ti 
rocedure. We have found, for instance, & 

to a Saturated Solution of Sodiulia chloride, Zic 
chloride may be continuously added at Ordina's 
tCInperatures to an extent 55% by Weight of the 
total Solution. Without precipitating either Sait. 
Aiso, Zinc ciloride can be added to a Saturated 
Solution of calciuin chloride to a very cosiderable 
extent without precipitating eiter Salt. 
The following table illustrates the proportion 

50 of Water, sodiuin chloride, and Zinc chloride, as 
weii as the proportions of Water, calcium chloride, 
and zinc chloride With the respective Specific 
gravities, and weights per gallon of these Solu 
tions, required to produce a certaiii total Weight 
per gallon. 

v. 
f AB. 

4. 5 

55 . 

Composition of Solution (by wt.) 
Total 

CaCl, ZnCl | Sp. wt. oor 60 water NaCl grav. gal. 
. ibs.l % El % Lbs. gal. 

r, a 4- - - - - - - - - - - - - - , , , - - - - - - - i. ( i &XR 33 h c. 

73 per gallon shown in tic table is not tie iniaxiinu, 

Weight attainable since an 80% solution of zinc 
chloride alone will produce a solution of Specific 
gravity 2.25 with a weight of 18.23 pounds per 
galion of Solution. Other combinations of salts 
are equally advantageous. For example, there 
may be added to 70 parts of a Saturated Solution 
of Sodium chloride, 25 parts of ferous Sulfate 
to obtain a Specific gravity of 1.312. Another 
example is the addition of 40 parts of ferric Sul 
fate to 60 parts of a Saturated solution of So 
diurn cinloride to give a Specific gravity of .49. 
it is of advantage to use ferous or ferric sulfate 
in Saturated Solution as a base and to add a heavy 
in etal Salt Suicil as Zinc chloride thereto. An 
exate of S is tie addition of 40 parts of zinc 
cio'ide to 60 arts of 50% ferric sulfate Sou 
tion to give a Specific gravity of 1.66. Solutions 
containing a combination of sodium chloride, fer 
ric Suliate and zinc chloride are very efficient 
in in parting weight to a drilling fiuid at the low 
est cost. The connoiations of Sait above shown. 
are not intended as limitations on combinations 
Oi Oil Single Saits, but are intended as concise 
examples of the practice of this invention. 

It Will be obvious that heavy Solutions disclosed 
hereWith overconne all the difficulties contingent 
upon the use of insoluble weighting material, now 
making it possible to use a heavy drilling fiuid of 
low viscosity which will quickly drop the cuttings 
brought up froin the botton of the hole. ::cre 
Will be a raininun loss of Weigiiting innaterial 
since it will be unnecessary to jet any appreciable 
amount of it out of the bottom of the Settling pit 
into the refuse pit. Furthern ore, it should be 
oted that is heavy drilling fiuid can be filtered 

and yet retain its ci.aracteristics, thus allowing 
it to je cle3, ed. refuse, whereas that is in 
possi.ie in the present art. Recovery of any iilidi 
placed in the refuse pit incy also be accomplished 
gy silvering. In many cases it is of advantage to 
separate the cuttings from the drilling fiuid by 
Geains of centiti ging. or example, the Specific 
gravity of the unadulterated drilling iiuid may 
be at a value of 2 whereas the cuttings have a 
Specific gravity of 2.5. This type of Separation 
is easily accomplished and may be continuously 
done by the use of any one of the continuous 
centl'iifugal Separator's now on the market. 
In the practice of this invention it is very 

Often the case that a Solution of a Sait or a coin 
bination of Saits may be used per Se as a drilling 
iiuid, in these cases there is usually a consider 
able amount of fine material embodied in the fluid 
by the process of drilling certain formations, and 
the bulk of this fine naterial may serve to pre 
vent settling of the cuttings where the progress 
Of the diriling is fairly Steady and the periods 
during Winich circulation is stopped are short. In 
many other cases, however, it is necessary to 
produce a gel-type Weighted drilling fluid in order 
to accomplish the Wall Sealing, Supporting and 
weighting equirements of the mud. To accom 
plish this We add to the Solution a gel-type clay 
ca-Cabie of forning brine gels. A base exchange 
Zeolitic clay as described in our United States 
attent No. 2,044,753 is adaptable for this use. 

Citionally, a gel can be made With this clay and 
tile solubie Saits added afterward. An agent to 
increase the viscosity and gelling characteristics 
Of the clay may be used. There is no question 
but what the use of gel-type clay will give su 
jerior Wall ouilding charactciristics to this type 
of di'iing fluid. We preferably use i% to 10% 
of a base exchange zeolitic clay. 
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127 variations in the concentrations of zic 
chioidic and zeolitic ciay a viscous firid varying 
in viscosity from 1 to 80 centipoises and weigh 
ing in ore than 18 pounds per gallon may be ob 
tained without the addition of soiid materials 
such as barytes, iron oxide, etc. 

In many cavy producing oil distiicts there 
occux's what is termed "leaving shale". For c.:- 

ple, the Jaci.Son shale found in the South of 
Texas is generally termed a heaving sale. Teie 
arc gradations in the heaving shale. One of ticize 
is the oentonitic type which when hydrated by 
the drilling mud balls on the bit and forms rings 

is calises 
raised 

- - - - - - L. S. Alici 

r doughnuts around the drill pipe. 
the nole to be Swabbed Winen the bit is 
througin it, thus destroying the Wail. 
times difficult to raise the bit into the Sui'iace 
casing due to the fact that the ball and doughnut 
effect sticks at the bottom of the casing. This 
Shale Will heave into the hole, Ve:'y often stop 
ping circulation of nud, Sticking the bit and 
ausing abandonment of the inole. Another type 

of heaving shale is one which cracks or decrepi 
tates into Smail pieces When hydrated oy tie 
drilling inud and appeal's at the surface in tre 
acidious quantities. This is connolly called 
buckshot shale and heaves into the hole With the 
Saine effect as described above. We have found 
that drilling fiuids conpised of a single soulie 
heavy inetal Sait or a coiabination of Saits in 
cluding a Soluble heavy metal Sait partially or 
coinpletely prevent the hydration of decomposi 
tion of leaving shales. A variation of Shales Sio 
jected to a Soiution of a given Salt Will show a. 
variation of results. Also, the variation of Saits 
contacted with a given shale Willi give varying 
results. For example, a Saturated Solution of 
Sodium chloride inactivated or prevented the die 
corn;posing of an Ariola, Texas shale, wherea 
it did not completely inactivate Matagorda. 
county, exas shale. However, a combination O. 
Zinc chloride and Sodium chloride in Solution did 
completely inactivate the latter shale. The addi 
tion of various solubie Salts to a driliing Ind 
is very important in preventing a shaie iron 
heaving. 

it is well known in the art o i 
formations contain Sufficient colloidal matter i: 

e 

s 
S 

the cuttings to seriously thicken i 
and it is often necessay to dilut 
ther, when a fluid contains a reaSOilabie announi 
of this type of naterial it is often the C&Se that 
a viscosity stimulating agent in the formation. 
will suddenly thicien the drilling mud. In Such 
instances drilling inust be Stopped until the inlid 
can be thinned Out 3 ind got into propai shape. 
Our invention eliminates this dificulty due to 
the fact that nuds found in formations will not 
ale a gel Ol' Show an increase in viscoSiy. For 

example, bentonite Will not gei Wien placed i. 
our heavy Salt Solutions. Thus, Oui addition of 
Soluble heavy metal Salts to the drilling fluid sta 
bilizes the nud. Still another advantage of our 
addition of Soluble salts is that the accompany 
i8 increase of Specific gravity of the Souvion 
lcids power to support cuttings. Thus, the hono 
gencous suspension of the particles in the and 
o, & Wei is accomplished with lower viscosity 
in is now possible. Fultiel'nore, the act, i.a.it 

tic heavy Solution inay be cleaned of rei.e. 5 
tration or contrifuging allows a nud of greater 
itici.ii to go used tail is a siger possite acre 

inake a 

: 3 O Oil C.;3 it cit 
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w ...a s as a sw retai SciS is that i:Solole 
'; cig.iii.3 nateria.is anay be added therezo for a 

ei increase in Weig unit volume With 
Cu3 tie tidasirable viscosity increase. By add 
ing insoluzie Weighting material to a fluid partly 5 
co, wolly Saurated with soluble salts, a far 
heavic intici Inay Gow le inacle than was orihei 
7 posgie, in ecs, it is now possible to inace 

dig oi & 22,'oxinsively double the present. Weight, 
Jo Wiii be appareit that in any conibinations of 0 

Sotille Salt weighting nacterials and insoluble 
Suspendable Weighting naterials may be inade. 
For example, & ify base weigiiting material ina 
be prepared by Enixing together 2.2 pounds of 
Sodium chioide, S.2 poulids of zinc chloride and l3 

isely ground barytes. This ina 
y be marketed as such and when added 

to 6.5 pounds of Water, Will give a mud weigh 
w - s -- a terial in: 

30 

ing 2.75 pounds per gallon. Thus, fairly eavy 
inds Inay be obtained without undue increase 20 
in viscosity and at a low cost. 

f other heavy Salts that may be used 
13 to tie teachings inerein are ferric Sul-- 
ritic chioride, which in 60% solution has 
ific gravity of i. 63; cadmium chloride, 35 
in 60%. Solution as a Specific gravity of 
inc Sup&te, Wiic; iii. 60% solution nas a 
gravity of 1.43; and tin cioride, which 

in 6:% Soiuzion has a Specific gravity of 1.6. 
it is not intended, however, to limit the soluble 
Salis for use according to these Specifications to 
the Specific ones disclosed. The number of solu 
ble Salts well adapted to use alone or in combi 
ratica as disclosed herein is so great that they 
canic be conveniently listed. It is intended 35 
that the Scope of this invention cover the use of 
Soluble heavy inetal Salts singly; and the use of 
a combination of two oz ore soluble salts with 
&lt regard to their classification as to being 
heavy retal S&is. A140 
The SaltS or conibination of salts which we 
aloy in oil Weil driling in accordance with this 

invention often for in acid solutions in water. 
For instance, connercial Sodium chloride is 
slightly acid, calcium chloride more so, and zinc 
chloride quite acid. The psi may be varied by 
various combinations of Saits. 
We prefer to maintain the pH of the brine so 

lutions as high as is possible without causing 
precipitation of compounds formed from the salt 50 
in the brine. Sy Iaintaining a drilling fiuid on 
the alkaline side, corrosion may be greatiy pre- d 
Vented. A. p. Of 8 or nor'e is desirable. It is 
also desirable, in cases where a tendency to pre 
cipitate compouilds from the Salt exists, to add 55 
an inibitor to this action. A buffer salt may 
be added to prevent Substantial variation of the 
hydrogen ion concentration. it is often neces 
Sary to add an acid inhibitor to the brine to pre 
vent corrosion of the equipment with which the 00 
fluid is used. Exaraples of such inhibitors ar 
arsenious oxide and quinoline ethiodide. Th 
use of about .001 to i part of either inhibitor per 
100 parts of Solution is usually sufficient. 

In the drilling of oil wells it is often desir- 65 
able to Wall the hole more parinanently than is 
done by the use of a ge-type nudi. The use of 
our drilling iiiiids composed of Soluble salts with / 
Certain pioSpinates, Suides, silicates, carbo 
na&cs, and oxalates will allow the fo:mation of a 70 
Solid precipitate iii tills interstices of the wall. 
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dium Sulpitide inay be uScd to foll precipiics 
froin the Zinc Cinoride or iron Suifate orine. So 

: diurn Silicate, Sodium carbonate and Sodium oxa 

20 

late are other examples of materials that may be 
used for this purpose. A Solution of Zinc nitrate 
and Sodium phosphate may be used to form a very 
hard precipitate. 
So much of the present aptication as relates 

to oil Well driliiing filiids pre;23 cc from 7a: ...'s 
or brines and fuller's carth of the 'joidi-Cicc)'Jix, 
type is described and claimed in guy' co-pendig 
application Serial No. 35,384, iied June 5, 
The term "heavy inetai' as exployed herein 

Covel's metals having a Specific gravity groater 
than foul', in accordance With the generally ac 
ce,ted definition givci by iiackin, "Cienic3-Dic 
tionary', page 348, (1329). & 

Having thus described the invention, wiiat we 
claii, as new and desire to Secure by letters at 
ent of the United States is: 

1. An oil well drilling fluid containing as a 
Weighting agent a substantial quantity of zinc 
chioride. l 

2. An oil well drilling fuid Weighted with a 
substantial quantity of zinc ciloride dissolved in 
a Saturated Sodiura cioride Solution. 

8. An oil Weil dring Guid. Weighted with a 

SR St. vial 
a Saturated Solition of cici in chloride. 

... An oil Weil drilling ?uid containing as a 
weighting agent a plurality of Water-soluble Salts 
including Substantial amounts of Zinc chloride, at 
least one of said Salts being present as a Sub 
startially satiliated Solution in Water. 

3. An oil Wei drilling fluid containing a plu 
r:iity of water-soluble Saits, one of Which is of 
tic levy netal groli; and at least one of Winich 
is present in the form of a Substaitially Satural 
ed. Sotition. 

3. In the art of earth boring, the step which 
coolises conductiig the drilling Operation in 
the presence of an aqueous Sait Solution having a 
Specific gravity of iroii) is to 2.25, Said solution 
including & Substantial Guantity of a Water Soiu 
ide Salt ci a netal whose Specific gravity is great 
er thai fou'. 

7. In the art of earth boring, the Step Which 
conprises conducting the drilling Operation in 
the presence of an aqueous solution having dis 
Solved therein a substantial quantity of a Water 
Soliiie Salt whose specific gravity is greater than 
four. 
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ERFICATE OF CORRECTION. 

Patei, No. 2,073, 43. Viarch 9, 1937. 

ter ris are: w- '. OY CROSS, ET AL. 

ii. 6. C l f i C a. t l O 
. 

It is hereby certified that error appears in the prived sp 
tine above nuIbered patent requiring correction &S folioWs: Page 2, 

first column, line 26, for "suspended" read suspensoid; and line 44, after 
insert, the Word of; and page 3, first column, line 32, for "of e X U 

read Oi, a 
tions there in that the Saline may conform to the record of the case in the 
Pater, Office. 

Signed and sealed this 29th day of June, A. D. 1937. . 

Henry Wan ASdale 
Acting Coininissioner of Patents. ( S e & i 


