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EARTH SUPPORT FLUID COMPOSITION
AND METHOD FOR ITS USE

This invention relates to fluids for use in boring and
trenching operations in the”foundation drilling industry,
the
drilling.

subterranean construction industry, and in well

More specifically, this invention relates to
earth support fluids, their composition, and techniques for

and maintaining them.
»

preparing, using,

In creating foundations and shorings for buildings,

bridges and other structures and in excavating and

subterranean boring for installation of utilities, barrier
walls, transit ways and drainage systems, fluids have been
used to support the surrounding earth during construction
operations. Whenever subterranean construction must Dbe

accomplished in granular, unstable, water-saturated or

gas-charged soils, it has been customary to £ill the
boreholes, tunnel faces or excavations temporarily during
construction with water-based earth-support [fluids, also
known as slurries or muds. These slurries have consisted
essentially of water, a thickenihg agent and earth solids

from the excavation.

The conventional materials for making these slurries

are clays such bentonite and attépulgite. More

recently, water-soluble polymers have been introduced and
The
most widely uséd type of water-soluble polymer in these

as

used in place of or in combination with such clays.



(54) | MPROVEMENTS | N OR RELATI NG TO SEI SM C CHARGE

ASSEMBLI ES FOR MARI NE EXPLORATI ON PURPOSES (71) We, HERCULES

| NCORPORATED, a the use of the nitrocarbonitrate (NCN) type corporation
organi zed under the | aws of seism c charges. the State of Del aware, one
of the United In of f-shore seism c exploration practice, St ates of
Anerica, of 910 Market Street, the conplete seismc charges are assenbl ed
5 Gty of WImngton, State of Delaware, on deck of a boat noving through

the test 50 United States of Anerica, dozhereby declare area and then
enpl aced fromthe boat and the invention, for which we pray that a
detonated. General off-shore technique in patent may be granted to us,

and the the handling of NCN charges on board met hod by which it is to
be perforrred to shi.p has involved inserti iinto .10 b )
particul arly des&ﬂp&éﬂaf'ﬁméﬁd ¥ the p?’ﬁtelac}ﬂgfr d’éﬁimﬂré’éﬂll n8°ﬁ%a‘é’f‘g]cat’?lid(?al ly
actu- 55 f ol | o\BEPR) st atmnenite form of a primarilwnt ddngetrenaddr namwt-o

the prinmer, attaq}yd&@ﬁnkea Ieha 'dh‘é%@xt'%ih‘i‘érat §5thOaf GRIRIALE @arglept h
control (float and stri nﬁ | osi ve char ge assemhl y cong a%%} n% a

per- assenbl ed cKEPGFY & at“ﬁﬁnééf kg PR ohdide welghtsi ghisi ARERY

prinmer elenest andrailablibeimabeth 1Gemddr wanel yibhei beatulisianefermlandiain ng
53][12 : glu'eﬁ[ ggpl | GAlY GBS 2BrBRE" Pb1yREr80OHE1 Sh KPP ok S RAIdO%hum,
xanthan gum, cellulosic polymers, and blends of these. All
of these polymers, including the PHPAs, have been optimized
to be completely water soluble and/or homogenizable.
10 x
These polymers are designed to mix without forming
masses or pearls of undissolved or semi-hydrated polymer.
It has been customary to prehydrate and maximize
solubilization and homogenization of these materials before
15 introduction of the fluid into the excavation or borehole.
This ‘has been accomplished ;erough the use of induction
systems, recirculation, agitation, and processing of the
polymer, and retaining the prepared fluid in a maturation
tank for a period of time to maximize solubilization and
20 homogenization of the constituents of the fluid, prior to
introduction of the fluid into the excavation or borehole.

.Clay slurries or muds are formulated with about five

to ten percent bentonite in fresh water or about five to

25 ten percent attapulgite in salty water. When traditional
polymers are used, the dosage is generally much lower and
ranges from about 0.01 to about 3.0 percent for most
applications. Whether the slurries are formulated with
clays or polymers,'the object is to create a viscous fluid

30 ‘that stabilizes and supports the walls of the excavation,
excludes groundwater and gases from the excavation, and
facilitates the progress of the construction project. A

key to success in these efforts is to avoid loss or seepage

of the excavating fluid into the surrounding earth during

35 the excavating operation. If the fluid is lost into the

»



source i n under water seismic exploration. to place a predetermnined |ength

of firing Seismi c exploration involves the intro- cable (position
| ocator). Each such cycle duction of energy into the earth to initiate
requires a mnimum of about 2 m nutes, wave action for determ nation of

charac- and accordingly, requires |arge charges, 20 teristics of
sub-surface structures, and is generally of from 50 to 100 pounds, in 65
based on the generation of sound, or seis- order that a sufficiently

strong signal be. m c, waves which are reflkected or refracted entted at
each test point. fromburied strata interfaces, and the |iKke. The use
of such large NCN charges is It has been a general practice, in the

di sadvant ageous in many respects, viz. (1) 25 past, to detonate high

expl osives as the pl osive faqrce_ fr e ti [ 7
source for sei smegrgépl(éar'gt'i on* 1 has- s%ﬁh’sﬁégﬁgg%g{}g taﬁg rf;f%r op coar?’eaq%g)r g)é
un- nuch as tlcansntrhe keperfukl of Alwdds fthe exeavatien cadt £3.Llapser | ed

?th ea gretegtn afl! 3tn ataaad grSiiﬁ&xbé@éhf S&}sra'aﬁerseﬁ@raels. ebEer t tat eé:yhca\'rattid‘rf.om
I on, _an accordin of f-.shore explorati : [

from general pr§5F95§1H35£g%%% ¥§F§n?ﬁqs§}§§h ng%oﬂgﬁ?gﬁl%? é§%§#¥¥%ggy

expl osi ves, particohkeaivg faddes iketWedipdthef Formasienbbeliftis | PgFuptinn

in large anountsq $n48dHAYuERBHHG A abEBEbIB k&l dcrreamationCost s; (2)
a large certain marine life including many of the quantity of these

charges is necessarily | nportant food and gane species. Trans-
mai nt ai ned aboard shi fnwithehpripraddit kbe viscosity of the earth support

slurries has been maintained by design generally in a range
10 of about 30 to about 45 seconds per guart as measured with

a Marsh PFunnel according to viscosity measurement

procedures standardized by. the American Petroleum

Institute. This range of viscosities was felt, in light of

"industry knowledge" of the prior art, to be the most
15 effective and least damaging.

!

The cohesion of granular earth solids is governed by
the earth binding coefficient of the slurry. The earth
binding coefficient is the composition’'s affinity for earth

20 solids, which causes the earth support fluid to chemically
and physically bond or attach to excavated earth, both on
the excavation tool and on the excavation walls. This
property preserves or improves the tendency of grains of
earth to hold together in mass as opposed toO éeparating

25 into individual grains or smaller masses. This property
also improves the low-shear adhesion of masses of granular
earth solids to excavating tools, which aids in conveying
of the earth solids up from the excavation. The earth
binding capacity is also manifested as the ability of the

30 earth support fluid to film or encapsulate clay bearing
mineral solids and thereby reduce their tendency to adsorb,
absorb or take up water. -

When clays or dry-form conventional polymers are used
35 to prepare the slurries, specialized equipment and

»



'po?t of* hi gh expl osive seismic charges to to the safety hazards invol ved,
Is eco- 35 the off-shore seismc shooting site is sub- nomcally

undesi rabl e fromthe standpoint 80 ject to the limted quantity that
governing of space, already at a premium that nust authorities permt
on the | oading dock at be available for storage; (3) such charges any
one tinme to mnimse the safety hazards are of size and weight that they
are diffi- i nvol ved, which, in turn, limts the amount cult to handl e
aboard ship and particularly 40 of high explgsives that can be handl ed on
I n heavy seas; and they require extensive 85 the dock and inpairs the
efficiency at which nman power for |oading at the dock and for t he
expl osi ves can be | oaded across the being handl ed, aboard ship for

assenbly dock spg dyans r%%d to thg exgloraiéon, d e Iac%nenh' 4)
use of large NCN %Ié%r. ‘%gi‘atlcﬁfagplﬁ} FEFSthesk r’%’a?%gtﬁ'éet &Yj ¥ Pg gﬁ“é’és,
in sone instancérowdern ¥ sgranuiesjusinty, the ofdftezhorsdipr acdi bembgsnizened
to unduly high f{88 KittiréNd ke MOHE 518Pry péfkddif thePboreholes or
excavations and the mixing equipment, and process the
5 slurry to remove sand and excavated solids. This equipment
normally includes large mixing and holding tanks,
agitators, pumps, hoses or pipes, cyclonic desanders and
vibrating screen machines. Such equipment is large,
relatively complex and costly.
10 n
With some polymers, it has been possible to simplify
the mixing and handling equipment to reduce the investment
required and to simplify the handling of the slurries.
Depending on slurry composition and properties, it is
15 sometimes possible to operate without desanding equipment
; ! and related tankage. For exainple, this might be possible
when non-thixotropic polymer slurries are in use. However,
all dry-form polymers in the prior art have required somé
type of specialized equipment for successful prehydration
20 and mixing of the polymer into a homogeneous and fully-
dissolved form. The practice of using such mixing or
prewetting equipment is referred to herein as "indirect
addition."

25 When the conventional liquid emulsion PHPA (mentioned
above) 1is used as the primary slurry additive, it has
occasicnally been added directly into the borehole or
excavation, and the drilling or excavating tools have been
used to mix it with water and/or fluid in the borehole.

30 However, this is not the industry-preferred method for
emulsion PHPA addition. Typically an eduction unit and
hydration tank with recirculating pumps are utilized to
insure complete solubilization of the polymer prior to
introduction to the excavation, or borehole.

35
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2 cation lines from the boat deck to the one end thereof, with its
base charge in a charge, and auxiliary equipnent, are detonating
Telationship with the nmain ex- al ways succeptible to becom ng entangl ed

pl osive charge, and with its wall closure to inpair success of the shot,
sonetinmes nenber spaced from the interior of the 5 resulting in | oss of
t he charge. cartridge shell sufficiently to be at |east According
to the present invention, flush with thes<cartridge end closure. In
there is provided a conplete seismc charge preferred practice, the priner
devi ce ex- assenbl y ready for firing, conprising (a) tends into the
cartridge shell with its vvaI a cl osed cartrldge shel | contai ning from

cl osure nenber substa y ed on_the t

nitrocarbonitrate car%L lt a%ﬁ? noglt}?%ngu}f‘%s g:eetrhgxgaﬁg [ QQYgOSSl%%earge
as the nmain sdiogmithe é)%-ﬂuéél fermgpg| PHPAS, cihakqje, ha@@lsczg):lgally been
percussion-initi aﬁcﬁ{ﬁlaeredps@ﬁéﬁicﬁb”f%fr' MiRawi Bf fedifear, nued sﬁﬂluwu@cy in,

primer device Wtha};g,rtgﬁ F%ter::d gm% t%oségf%‘?rg'ss rrbla/% %dln to

t he present pri iRvent i e
in the seismibc expgidnstriess atFétlllgﬂr@Fll pphyhenss ndayewabeeme Fyemoged- ason

met hod of App'i(xﬁdéyééging41@93/§§n§9ncy toward agglomeration and wastage

of polymer than can occur when attempting to mix dry-form
polymers with less-than-adeguate equipment. Insufficient
shear is generally applied to accomplish complete inversion
i0 of the emulsion PHPA and dispersion of the polymer in
direct-addition applications. This has in actuality caused
considerable wastage of added polymer due to incomplete
inversion or inactivation of the polymer in the prior art.

15 The various industries have not widely recognized or
addressed i the problems of’ indomplete inversion and
inactivation of liquid emulsion PHPA. Some manufacturers
and consumers have documented hydration and solubilization
problems occurring due to the hydrophobic surfactants and

20 the mineral oil contained in the emulsion polymers.
Problems such as delays in polymer inversion due to
inadequate inversion systems in the emulsions, and
inadequate mixing shear to fully break the emulsion micelle
and develop the polymer chains from an emulsion package

25 have also been noted. It has also been noted that the
surfactant and oil contained in the emulsion did not
completely disassociate from the emulsion-based PHPA. This
reduces performance efficacy through the coating and/or
blinding of active polymer sites. Some industries have

30 recommended the use of a high shear pump, such as the
Echols pump, or centrifugal pump, for premixing of both
emulsion and dry form  PHPAs to insure complete
homogenization and solubilization. One publication
specifically addressing these problems is "Field

35 Application of PHPA Muds" by A. G. Kadaster & G. J. Guild,

g



po%ed dcross one end of said elongated (Serial No. 1248431) is one

provided with shell in closing relationship therewith; an neans for
effecting del ay of detonation of ignition charge within said el ongated
'shell the expl osive charge after initiation of the supported in
confinement on said wall ignition charge. For this purpose, the 20
menber so as to be conpressed in response prinmer device can contain a
del ay fuse 85 to percussion applied to said wall nmenber internediate
the ignition charge and the from outsi-de said elongated shell, and
primer charge; to delay detonation of the ignitable in response to
conpression re- base charge and hence the nmain expl osive suiting from

sai d percussion; a high ex- charge after percussion initiation of the 25

pl osi ve as a basgms@ar %owgt:ta}ga?ls 4Oy hEBhL] OllnSLE Sy R ¥ €

feature of the 9 and spaced from said nition sejsmc
charge assenbly fP6nP P Atof Am°c°cﬁ§?§%c iepy G- pr? pEﬁ%ﬁ%ﬁ?R&Qﬂﬂ n
said view of eas®sof, bandhnt@nlquumexaslarly when el ongat ed shel
intermediate said ignition using the aforesaid apparatus to be de-

charge and sai d base charge;_ said base scribed hereinafter, is that t_he
cartridge 36 charge BBEN8PHeIBhARERPRLIARYBEROMRS Higlth@oL¥mer | directly
provided with vvaIan ahes Wor gheABs o5 excaveelionatisondvahtageshs préamrsec hiar ge

and positioned fhaRindBeen il hOgaCHl ggstly, RLhBR0EHN "ndRLRGALRY

rel ationship there- rma resul open_ recessed
and said priner GHOCGESHEENGWMEPBARE- Il dﬁglsﬁégml§kﬁ%q§%¥ reduce time

required to drill, excavate and construct piers, walls,
10 pads, wells, etc.

Whenever polymer has been used, a primary objective in
mixing polymer into water or earth excavation fluid has
been to create a homogeneous solution or mixture and to

15 accomplish complete dispersion and dissolution of the
polymer as readily as possible. Completely dissolving and
homogenizing the polymer in the water or fluid has Dbeen
considered a key to optimum performance. Incompletely
homogenized polymer of any kind, whether in the form of

20 agglomerates, polymer strings, "fisheyes," gels,
microgels, pearls or masses has been seen as
disadvantageous and wasteful. Avoiding the presence of

incompletely hydrated polymer in the slurry has been a
prime objective of fluid design and mixing practice.

25
Although bentonite is the principal material used for
preparing slurries, bentonite slurries have Dbecome
increasingly regulated as pollutants, and as a result,
disposal costs have risen. Bentonite slurries must now
30 generally be removed from a construction or drilling site

and disposed of in a designated landfill or in accordance
with local authorities and permits. This additional cost,
along with the high capital cost and complexity of
bentonite slurry mnmixing and processing equipment has
35 prompted increased use in subterranean construction and



~able i A response to ignition of said ignition For a better understandi ng
of the inven- 35 charge and spaced in detonating relation- tion, and to
show how the sane can be 100 ship therew th.

~carried into effect, reference will now be Such a seism c charge
assenbly is par- made, by way of exanple only, to the ticularly
suitable for use in the seismc acconpanying draw ngs, in which:-

expl oration nethod according to our co- Figures 1 and 2 are | ongitudinal
cross- 40 pending Application No. 47697/ 68;{Serial sectional views of
filled cartridge shells for 105 No. 1248431), wherein a supply of ex-
containing priner devices in the forma- pl osi vely operated
percussively initiated tion of seismc charge assenbl i es accord-
solid seismc ch 98845 $LQ red above_a _|i to the pres vention
marine seismc a e"Imgbel% WFGTSE 851 i pehgrer FFBBg‘ééagfy&& an%lg’éi%re
| ongi t udi nal zﬁﬁmnkﬁmqa1PH§Asubnersed in water in said area;
cross-sections (Figures 3A and 3B, in part 110 a charge is transported

fromstorage to the onI t hr Qug ,,eV|c ich tQ- ner sed
firing station; and ¢ gﬁ?ﬁl% dﬁg' ﬁHdPﬁ§r¥?%PQHlE§F?rfd§@“ APt s of
charge is iﬁbactEﬁPA(IaqunreatkesSuaqua@Egnmﬁt¢1pﬁéqyssesnd ce2ncan less

constitute Se|Srﬁéilutln§UbSGQ%%QEvg§tOnéﬁﬁ£§k5ﬂ“”#§§h contalns reffﬂ@&ge
assenbl i es accord|é¥£ arbo he prisent 50 In referred rinmer

for
device inventidh surfactants, 314 gh%f the2k®f sni c
charge assenbl y emfindnmentafti gotkutibon pgobdems ovlyiat ddlif iarentsdaindon This

0il and surfactant-pollution problem has only recently been

i0 acknowledged or widely considered. The EPA and other
regulatory agencies are beginning to recognize the

significant toxicity of these hydrocarbons in oil and gas

drilling. In addition to liberating a hydrocarbon into the

environment, PHPA emulsion is beginning to be recognized as

15 a potential fire hazard on-site. Special fencing and

. precautions are now requireg on sites! where emulsion

- polymer is being stored.

There has been 1little understanding of, or remedy

20 offered for a problem frequently encountered in boring,

drilling, and trenching (in non-mineral based slurries)--

the problem of earth support fluid loss into permeable soil

formations. This seepage or "fluid loss"” is common in

granular, permeable soils, such as sand and gravel, and in

25 fractured and fissured formations. Fluid 1loss can

seriously interfere with the processes of excavation,

drilling, or construction. Excessive fluid loss is a

primary cause of destabilization of the excavation,

pollution of groundwater, delays in excavation and boring

30 projects, increased concerns for safety, and increased

consumption of slurry, slurry additives, concrete, cement,
grout, etc.

Extreme cases of fluid loss have been attacked by
35 dumping bentonite, silts, and/or other available colloids

e



present’invention is closed at its ignition through a conplete seisnic
charge assenbly end, that is the end thereof containing the according
to the present invention; ignition charge, by an enpty prinmed rim
Figures 5A to 5C show (Figures 5B and 55 fired or center-fired rifle
cartridge case; the 5C in part only) a |ongitudinal section 120

primer charge preferably conprises a through an alternative form of
prinmer de- di azodi ni trophenol wafer together with a vice for use with
a seismc charge to form mass of di azodisd trophenol, as nore fully a
seism c charge assenbly according to the described hereinafter; and the-
hi gh expl o- present invention; 60 sive charge is any that is suitable as
a base Figure 5D is a side view, partly in sec- 125 charge in a

conventi onal bl asthng GaPeillacthon: W 34ah,3 aekapl cohar dsalseepbl i

present in a SONMEWN I'gher ~proportion-
invention, and anPETRERRS g ofamdh aamr@g}e@abﬁycatil IfP-%E‘élr Cak‘Fl YurersE
is aview of partoghatith interfhe Rf NMiHe devdHeatdreNdSwhiet Oatiaﬁnsﬁal—

cartridge case Of?g%%élzﬁer g‘gﬁ‘gi‘ﬁg %%Q/i nser. ted Siug_rl dgg l§heA I, génébgrgg\l

charge, through
5 sands, the dispersed mlneral colloids in the slurry can

provide improved control of fluid loss because the pores in
the so0il are small. But mineral-based and mineral
supplemented slurries, due to the thick filter cakes they
create, reduce borehole gauge. This reduced gauge can

10 reduce the diameter of formed structures or casings created
in the excavations and boreholes. Similarly, mineral-based
and mineral supplemented filter cakes can negatively affect
the geometry of the formed structures or casing.
Additionally, mineral-based or mineral supplemented filter

15 cakes, as a sheath of continually reactive and hydratable
colloids at the interface ’between the concrete and
surrounding earth, can reduce skin friction on which formed
or poured structureé rely for their load-beariné
capacities. Reduced friction may promote instability,

20 movement and stress on these structures, which - -can damage
the subterranean structure and the super-structure that
rests on them.

" With polymer-based slurries containing no bentonite or

25 other cake-building inorganic colleoids, fluid loss control
has been unattainable or poorly realized. The dissolved
water-soluble polymers cannot plug the pores in the
granular scil or create a filter cake as can bentonite and
inorganic colloids. It has been impossible to control

30 fluid loss without adding mineral «colloids, similar
colloids or finely-divided materials such as native clays

and silts incorporated into the slurry from the excavation.

Figure 1 is a graphic representation of the Marsh
35 funnel viscosity versus the CDP dosage. The term "CDP"



2 3 1248432 Figure 6 is a
diagrammatic illustration of rolling the flange back to form the re- the
manner in which the seismc charge suiting peripherally disposed ridge, or
‘bead, assenbly of Figures 5D and SE can be 124a at the top end of the

cartridge shell. enplaced off-shore and fired. - Protrudi ng ridge,
or wall portion, nem 5 Wth reference to Fig. 1 is shown a now bers such
as 124 and 124a of Figs. | and 70 preferred enbodi mrent of the seismc car-

2 serve as detention nenbers for engaging tgidge unit for association with
the per- detention structure, such as shoulder 37 cussion initiatable
primer device and per- of Fig. 1, of application No. 47697/ 68 cussion
firing in a firing nmechani smshown (Serial No. 1248431) associated wth

a 10 in Figure 1 of_application . 47697/68 nuzzle er _(e.g...nenber
18, Fig. 1 75 shall be u’?&ers“(N’%er"f"al rﬁﬁ?rlf&’84éﬁ.geﬁg$%rfl%ﬂ§ TF Y. 1,
of said applicatpohymen based rprodimtt midddns gibeniscopeafs ithds iowenptieni

conpri ses assenﬁ%ykg%d PP ACoaRRho1bidd aldpn and el ongated cartridge
shell 112 closed by any €jection. Any suitable protruding cartridge

5 _Pigure 2 is a chart showing a comparison of viscosity
development efficiency using a composition and method of
this invention.

Figure 3 is a graphic representation of the fluid loss
10 control characteristics of the composition and method of
this invention in comparison to prior art compositions and -
methods. Figure 3 also shows the effects of hydration time
on fluid loss control of a composition and method of this
invention and on a prior art polymer composition and
15 method, both compared to bentonite.
’ ¥
Figure 4 is a chart showing filtration control
performance versus time at equal hydration times (30
minutes) for a preferred embodiment of this invention and
20 for a composition of the prior art.

Figure 5 is a graphic representation of peak values of
perimeter friction/cell pressure from extraction testing
for fine sand specimens drilled under CDP slurries.

25
Figure 6 is a graphic representation of a comparison
of perimeter 1load transfer coefficients for various
materials.
30 : Figure 7 is a graphic representation of wviscosity

development efficiency of CDP versus emulsion PHPA at high
dosage ranges. - -

-



suitabl’® bottom end closure nenber 113 wall portion can be utilized as
detention 15 and by opposite wall closure nenber 114 neans and can be

| ocated at any point on 80 spaced from open top end 116 to forma the
cartridge wall or at the open end as resulting top recessed shel
portion 117 in desired, and the presence of recessed struc- direct and
unobstructed open comrunica- ture, e.g. recess 117, is optional, although
tion with the outside of shell 112. it is advantageously utilized in
preferred 20 End closure 114 contai ns passageway, Or practice.

85 opening, 118 extending therethrough to Al t hough in preferred
practice the pro- directly comrunicate recess 117 and in- truding wall
portion, as a detent, on the terior shell portion 119. Well nenber 121
exterior surface of the eII the artridge nds
closed end first throug pen| % het rgpreﬁﬁntﬁ%ﬁ%ﬁ 152‘%?m%§ggoﬁ S
25 118 into opera®fveegpnkrazna %¢ﬁs§¢§h¢%ﬁennﬁh%@ﬁl?Oprééraepﬁg Cpptéﬁﬁ be
i nwardly 90 chargeilg?2 of the NCN type to support a protruding into the
shell, e.g. as a peri- prinmer device in detonating relationship
pheral |y extendi ng groove about the outside therew t h;
and i s supporied at itBreperprgaentnal |infentiionshelis. | @ t hatat@rosdilabae . t he
in wall 114 in wyeéerdiahtapiel ati Hﬁéfﬁtﬂabl@zz|a%d§‘§§e”mé/té‘10-ral%ip@%sible

suitable detent 30 there th | any e_manner,, enera
for the cartridge™aseehbt Flsu ’ﬁg SO TSy tﬁ% ao]r{e) @Pts

integral |ipped opeepzrel aadsmmumgaautuanaﬂxbamppm@mbé&plﬁﬁ t heTh¢ dearth
support fluids have suspended therein partially-dissolved

10 or hydrated or dispersible synthetic, natural, or modified

natural polymers; synthetic and natural resins and latexes;

as well as all grafts and blends of the above materials

with or without surfactants or hydration inhibitors. The

earth support fluids are prepared and maintained without

15 added commercial mineral colloids, and exhibit fluid loss

| control and preferably one ,or more of the following

properties: borehole or exggvation wall stabilization,
earth solids encapsulation, improved cohesion of the
excavated earth, and improved development of perimeter load

20 transfer at concrete-to-earth interfaces in subterranean
structures formed in excavations. It should be understood
that for purposes of this application the terms "perimeter
lcad transfer", "perimeter shear", and "skin friction" are
used interchangeably.

25
A preferred embodiment of the present invention
displays, due to the combination of molecular weight and
anionic charge density of a polymer of the invention,
improved earth binding characteristics expressed by
30 improved cohesion of excavated earth solids, éspecially
sands and gravels. This improvement is earth binding and
cohesion facilitates excavation operations, especially
auger drilling, and results in greater productivity.
TG




123, onf the exterior surface of the wall wall, nornmally spring biased to
extend into closure 114 i medi ately adj acent openi ng

the muzzl e menber in a direction substan- 18, often
within a recessed portion of wall tially normal to the longitudinal axis

t her e- 35 114 imredi ately adj acent and surroundi ng .of a sufficient

di stance to be forced to re- 100 openi ng 118, as

i1 lustrated. tract against the spring biasing force in

Ri dge nmenber 124 extends peripherally respppse to initial contact with the
forward and outwardly from cartridge shell 112,
traveling cartridge assenbly in the nuzzle preferably as
an integral part thereof in a but to spring into biased |ocking contact

40 pl ane generally normal to the cartridge wth the groove nenber when the
groove 105 The materiglq Pfkhe BrReSSRt dnyemvionnt dverdh @ine e

i s disgosed gn thsc&oﬁbﬁgauﬁah bﬁemﬂdﬁ&h%;opert;?s #th?ir ion%@d%H%&g%he
cartridge and c ; t ] | . the firi.n evi ce then.
end 116. R dge ngﬁggﬁE 249§%ﬁgpg ?ygéégggévgﬁggﬁggltﬁg’oﬁﬁlﬁgoﬁraﬁﬁﬁfsforce
to cause linking, suriaqdaniut fsearyenrtom phiysicedni gwanplonetry,

retraction ob theadetieht askhpdie pubseguery, 45 dratioh SHhdAEeOfisheld, 10
a distance in th

& j e | 1 . :

order of from 0.071 %gﬁiggrlﬁhﬁgﬁftensncs\/wc T BF%\r’Je%%eﬁtu&dF}%‘%S. cerdEoli s
i|lus- when used acagudingeter ehe enethqdsy definadwhn cthimmasenttr. at ed
ahperCU?SLQn igiwhabahéen¢ui§ﬂawia@; ﬁorcﬁqrtially—hydrat@@Léﬁ?ﬂﬁﬁﬁhﬂ&aﬁ?
those of Fig. tilized in.practice of the_ ipvention as

by the sane, buti%??%ggygﬁﬁﬁgégggﬁsk??ﬁ%ﬁgé}ggrpf?h%Friééﬁhﬁ? i 7f i R4t ion
with a 10 "masses") to be dispersed in the slurry at all times or at

specific times of need during the excavation or drilling
process.

The "gel masses” or "pearls" of this invention are
15 formed upon hydration. These masses are formed in a
variety of sizes and shapes, ;ncluding but' not limited to
planar configurations {such as a potato-chip
configuration); spheroidal configuratiéns. elongated
finger-like configurations, and deformable globules.
20 ;

The dimensions of the hydrating or hydrated masses can
range from 10 microns to about 100 mm with presently
available materials, and can be larger if composed of
multiple individual masses which have fused together in the

25 process of hydrating. Still larger hydrating or hydrated
masses may Dbe possible with modifications in the
preparation of the dry compositions to produce larger dry
particles which are the precursors of the hydrated masses.
The smallest hydrated masses are produced by dissociation

30 of larger hydratéd masses or by direct hydration of finely-
divided dry composition particles.

The masses, when present in the fluid, can be
partially or fully hydrated. The masses are preferably

35 deformable. This deformability helps the masses conform



50 tratd another enbodi ment of the seismic cartridge unit of Figs. 1 and
2 to provide 115 cartridge unit (for association with a
per- a conplete percussion initiatable seisnic cussi on
initiatable priner device) which is explosive charge assenbly of the

I nventi on. ™ the same as that of Fig. 1 except that the
Wth reference to Fig. 3 el ongated shell wal | cl osure
114" including opening 118 and 126 of prijer device 127 contains a high
ex- 55 primer well nember 121', secured at~fts plosive base charge 128
such as PETN, 120 | i pped open end 123" to wall 114", is
dis- adjacent closed end 129. WAll or cap posed as a
closure for shell 112 at the top <closure 131 is disposed in any suitable
man- to, lodgenih Idd cohstedét & @Yuglipwger sgpgeeseiberamgaron,
and across, top p P£ih lAldl.y
di sposed around g%e eggg %#ﬂé}ﬁon&lz;hfﬁ %el%%?’r?bsﬁ (Jaci%gl?fgﬁghl p ﬁit;(?olglsz at
the top and is of substantlally the therewith. Ignition charge 133 in

shell 127 125 The masses carsdiavediardFigite ddfehapanfimertberfliR4,of
S supported in S:Qﬁ,f BRA |Q n,ghguittlm a f the EhSsed. ] dge
menber 124a |s a vantag %?% manner, on ﬁb.fe?Plre or

such I_n agar-

geously formed CARALS§eliphdrateupBd dissqlivg Ap EP%SCERF%%I £
the entire which are comple&éuyrwatﬁr{ﬁuﬂdblb22 Egmfdmmmbagtaopsnﬂphﬂval

per phery Of Cap LlOSHEErd3dn1d NBIMUGIAS ol 1l Uingldig sCnflapl dohe
shell and then open e I's adj acen Fe i n|t|on charge,
through phases of hydration ollowed by dlssoc1atlon
10 During the hydrational phase the masses generally become
la-rger; then at some point they can begin to dissociate and
may produce many smaller hydrated particles or

hydrocolloids in the fluid.

15 The hydrated or partially-hydrated natural and
synthetic polymers which form masses that plug the pores in
granular soils, and thereby s?.ow the seepage of the earth
support slurry into the surrounding soil, are preferred.
Polymers which exhibit earth bir_xding capacity are

20 preferred. Polymers which allows high formation-to-
concrete adhesion, which is expressed as "perimeter load
transfer coefficient®, are also preferred.

The ability of the polymeric and resinous materials to -

25 form both transient or degradable pearls or masses or form
more persiétent pearls or massés for controlling fluid
loss, or for optimally plugging porosity in permeable
formations is achieved in the .manufacturing or processing

of the material or during preparation of the fluid in the

30 field by one or more of the following techniques: (a)
partially crosslinking the material to retard hydration,
reduce solubility, and increase branching; (b) highly
crosslinking the material to retard hydr%tion and reduce
solubility; ({c) surface treatment (including in-situ

35 co-addition) of the materials, as with a surfactant, a
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4 133 and communi cates charge 133 with the containing the fuse
conposition pressed in remai nder of the conmponents of the device the
core, are also advantageously utilized it (open portion 132) is also
referred to as the delay elenment in the prinmer assenbly. herein as the
ignition end 132 of shell 126. I n preferred practice primer charge 137
Confined ignition charge 133 is any qﬁhlses a di azodi ni trophenol
waf er 137a 70 suitable ignition conpositiont3thich ignites pressed above,
and superposed on elon- to produce a flame in response to com (gated
capsul e 137b which extends within pression resulting from percussion
applied and substantially co-axially with shell 126 to the exterior

surface 136" of ebasihg, cmﬁrb?n@gp@mmﬂ neAr pﬁbsﬁéajéa p&ebag'sgx%%hi Ro 10
o T2 B8R ByAREHodZC I3 PohehEES Y L, SHRBHLERAR T henoP
super posed on baSe-efdigvepsgle.q. rﬁkﬂptngqmu§§AM§1Wﬂl§ngeCangnandetc )
ignition and cORhBERS r@t2QPEO el AARM ;NI téppb@aﬁhlauo&h%&gefﬂé&n@ebey
fuse 139, of Conggaigﬁgpatforha% % %%:7:%18& gc? %%ttl){nllz%m%ar icle s1azte %ff the
dry materials, which 4impacts rate of hydration for
hydratable materials and the size of semi-hydrated
particles in the slurry; granulation and size sorting also
impact pore-plugging performance of insoluble or plastic
10 particulates; (£) copolymerizable surfactants being
in;:orporated in the polymers backbone which impact
hydrophilic tendencies; {(g) polymerization to yield an
amphoteric or ampholytic structure; (h} grafting materials
together to form an optimized end material; and (i) the

15 incorporation of a hydrophobic or semi-hydrophobic, or
| non-water soluble material to retard water solubilization.
! ¥

Within the scope of this invention are synthetic,

natural and modified natural polymers, including blends and

20 grafts, which are prepared and used in ways which create a

fluid comprising a continuous liguid phase in which is

present a plurality of hydrating or hydrated polymer

masses. Examples of such materials are synthetic polymers,

polysaccharides, gums, biopolymers and combinations

25 thereof. In a preferred embodiment of this invention an

anionic, polyacrylamide copolymer forms both the continuous

fiuid phase and the discontinuous phase of hydrating or

hydrated masses dispersed in the fluid. In an alternate

embodiment, hydrating or hydrated masses of natural

30 polymers or modified polysaccharides are suspended in a

continuous fluid phase of - solubilized anionic
polyacrylamide copolymer.

The polymers of the present invention are preferably
35 added in a so0lid granular, flaked, or agglomerated state



and design conventionally used in electric primer wafer 137a. Wafer charge
137a is 15 delay blasting caps, conprises in preferred of sufficiently

hi gh density to be ignitible 80 practice a suitable pressed delay fuse
com in response to contact with flanme from position 143. The
parti-cul ar fuse conposi- ignition of delay fuse conposition 143 as

tion, the degree of press of the fuse com above described and

di azodi ni t rophenol position, and the length and diameter there- charge
137c is of sufficiently low density to 2076%7 determne the tine of
burning; and in be detonatable in response to heat devel- 85 nost

I nstances, selection of a specific fuse oped by ignition of wafer charge
137c to conposition 143 and correlation of same thereby in turn cause

ggtB onation of 3a$&th lthlé/i _Eby'lfjﬁ&?rtﬂé@éé_ﬂz%g\iaﬂ’gi abl %izlésﬁﬁétﬁmmhtrﬁn w?sroge
. provi de_a ay | ur inme in.the t hou the compl ete
sei sm c charge vic) gg&e¥e5gaf‘?oﬁ%gé t%roadﬁﬁﬁsql. §nge83ﬁzd'%l.%1ly &6 %? of
the invention comtfefplPat®B 5Ay1900 mm, argelwithi Fbe DBAPOLEY ilan Wefdlits of

:j gni t |t bl e |t n _tSu!t?l%b&%rﬁQEQHf%Sb@ﬂgb”b&tﬁ&@ﬁ ﬁe@gsBmhhaha- 2_.5hn£ne$i&n$ﬂ>stto
irect contagt with. me r I gs in_. whi eac

o tred fronsi onERdRaBE, BRPRISHS L hdtie o Thess: BarBELF hRe S 58 er «
to a |like part wheandnitsigpadwdriatisuchcrygnsti blehoedatdissrdiption may 3

i dentified thereigeh¥ubiey SABBucd Whe 3YarBOEEWHAPE1 Fd MIzeCONPOSI tion 137
Is deton- unlettered nunber, show now preferred 95 atable in

response to heat and flame structure. Wth reference to Fig. 3A the
The polymers of the present invention form viscuous

10 fluids with Marsh Funnel viscosities ranging from about 35
td.about 300 seconds per quart, and more preferably within
the range of about 40 to about 120 seconds per quart.
Increased viscosity is a key feature of the present
invention. Viscosity. pclymer selection and polymer dosage

15 are specified in relation to reactivity, hydrational
potential, ,granularity and porosity of the eaxth formation.
The resultant slurries should’allow settling of disturbed
earth solids larger than about 70 microns as well: as
dispersion of additional fresh polymer.

20

The present invention comprises a method of
formulating and using an earth support fluid containing
polymers which controls £luid 1loss, stabilizes the
formation being excavated, improves loading and removal of

25 earth by excavating tools, and allows development of high
concrete-to-formation friction coefficients. The methods
may be used in subterranean construction operations,
excavations, and well drilling wherein an earth support
fluid or drilling fluid is used in a vertical, angled, or

30 horizontal borehole, tunnel, trench, or other excavation.

The proportion of material in this fluid composition
can range from 0.1 to 100 kilograms per cubic meter by dry
weight of material on volume of water or slurry. The Marsh

. 35 Funnel viscosity of the fluid is preferably maintained



emtted from burning of delay fuse com ignition end 132a of shell 126a
.1s closed position 143 and is disposed subjacent de- by a conventional
rimfired enpty prinmed lay fuse 143 in detonating relationship
rifle cartridge casing 142, which includes 35 therewith. H gh expl osive
charge 128 is end closure 131a with charge 133a for rim 100

detonatable in response to detonation of firing; and with reference to

Fig. 3B the primer 137 and is disposed subjacent ignition end
132b of shell 126b is closed by primer 137 in that detonating

rel ati onship. a conventional center fired enpty prinmed In the primer
device such as illustrated rifle cartridge casing 144 which includes 40

with reference to Fig. 3, primer charge and end closure 131b with charge

133b for 105 meahaége §8é7$}9&'§nta°ndar§0§dv§8$&9@é)u%e)f giatet fhsidg.
Shel | casings 142 %é zed as such in blasfln cap

are of outside dif %ﬁaﬁiguPFFE?%ﬁt 20 secgnds; per g?ﬁﬁﬁfe?n t
hi gh expl osi ve nm@bnsrebthemms tand LS decdndsrgtear sruafrt. Fifnarges

such as pent aerytiy i ol it ghbNEAS, crtholhec 2held 1A o Wéfius | 1

each 45 pentolite, cl.onite, | nstance an
i nterferencetsor f‘?cilm% dpppg 316°r °n%f€\b&d&fnen§n8fpﬂ‘+r%r inMeRtde8-such as

dia- of the casing closure in the priner shell. zodi ni trophenol , |ead

azi de and nmercury eCﬁIE’EHS&E‘c&ﬁ;Eﬁ‘&%%' ?Bﬁhﬂiéffﬁ&bé t%%' ggkﬁn Support

fulmnate; confined . ignition charge. com e asse e 1 nvention
is illus- rFe‘rWé ?’hc?%‘b"é’uspof%t‘é’éﬁ%n]i‘a"ﬂéq cﬁP%P%R‘?—? rl‘%ﬁ%‘d‘ Wi -
reference to Fﬁqylgbgemhlchater swellable, hydratable and/or water-

10 d;spersible compositions. The earth support fiuids contain
suspended therein partially-dissolved and/or hydrated
and/of dispersible synthetic or natural polymers, resins
and/or latexes; and all grafts of the above compositions.
The molecglar weight of the compositiog(é) may vary over a

15  wide range, e.g., 10,000 - 40,000,000 or higher. The.
invenfion, however, finds its greatest usefulness when
acrylamide copolymers having ﬁolecular weights of-100,000
or more, preferably one million or more, and most
preferably in excess of 10,000,000 are applied. The

20 anionicity of the copolymer may be obtained from the
hydrolysis of acrylamide during the polymerization or from
the copolymeration of acrylamide with the anionic monomers .
comprising acrylic acid, methacrylic acid, maleic acid,
maleic anhydride, fumaric acid, itaconic acid, vinyl or,

25 styrene sulfonic acid, 2-acrylamido-2-methylpropane
sulfonic acid (AMPS) and the like, and water soluble salts
thereof. The preferred anionic monomers are acrylic acid,
methacrylic acid, maleic acid, vinyl or styrene sulfonates
and AMPS or their salts. Copolymers comprising acrylamide

30 and/or other non-ionic monomer, with more than one anionic
monomer foregoing is also within the scope of the
invention. _

The molar percentage of the comonomers in the polymer

35 may vary within certain limits, provided that the total



50 | ead® styphnate, nercury fulminate, anti- shows, as the now preferred
enbodi nent, 115 nmony sul phide and | ead azide, and m xtures the
cartridge unit of Fig. 1 containing a of such materials, as are well
known in the rimfired percussion initiatable priner of muni tions art,
and are preferably those Figs. 3 and 3A positioned in the prinmer

often utilized as the "priner" charge in well. Al prined index nunbers of
Fig. 4 55 0.22 caliber rifle cartridges; and delay fuse refer to |like
parts of Figs. 1, 3 and 3A 120 conposi tiléns  include those

normal ly identified by the same but unprined index utilized as such in
the delay blasting cap nunbers. Thus as further illustrated with art,
those now preferred including lead reference to Fig. 4, priner assenbly

127 oxi de/ boaaas @&lt% 1664. | ey laﬁasﬂlg%r?argeeﬁe%@d%ylwim wazrf»e&—-rwl I
121", percussion

| ast, and terni na?lég T’ra{’rl 3{3038 erOXI E/aED‘eL ?é%un%}ﬁqﬁiﬁng&%iﬁ c?(f/egglré'ﬁiﬁm

84/16: ing contaB¥ mptES%nmnnthehaogmmenQZ"Thencomposnmhonxuanﬂnnqmamux|de
/tellurium 60/ 4Qnac,asié&&9ﬁ %@.Pht1&3"théorddﬂ%flyﬁé§eﬁm(YbéQthlmJ.ze(daH)r

wei ght ratlos%. fuse assenblies, is r ef erab di sposeq rely
wi t hin we? | kﬁavvn Rag HAYLAE ﬁrﬁpasﬁqfﬂ‘&tc}aﬁ e W%E?’ErFaagth?ﬁl oP
119" except to peprier 65ocoaphieverg theretddsindie, dpeiidriaig,y leadng.t her

primer end closurg,l3}acioftladd $a2¢hSk86pdAling functions.

The anionic copolymer of the invention may be further
10 modified by incorporating certain cationic monomers in the
polymer forming ampholytic polymers. The cationic monomers

are selected from the group consisting of:
diallyldimethylammonium chloride, guaternized
dimethylaminoethyl (meth)acrylates and N,N-

15 dimethylaminopropyl (methacrylamides) and combinations
,thereof. The quaternizing agent may be methyl chloride or
dimethyl sulfate. !

Non-ionic monomers for use in the practice of the
20 present invention are selected from the group consisting:
acrylamide, methacrylamide, N-vinyl pyrrolidone, vinyl
acetate, stryrene, N-vinyl formamide, N-vinyl acetamide or
mixtures of <the forgoing. Especially preferred is
acrylamide.
25
A small amount of water insolubie/hydrophobic monomers
such as Cs to Cy long chain alkylates, hydroxyalkylates, and
N-alkyl substituted acrylamides may also be incorporated in
the copolymer of the invention. These hydrophobic groups
30 tend to associate with one another in an agqueous solution
to form an inter/intra molecular association. As a result,
the solution viscosity is increased and the viscosity is
relatively insensitive to salts as compared to polymers
without the hydrophobic groups.
35

*®
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51 surface, to be at |east flush with the ex- The anount
of high explosive base terior surface of the open end of
wel | 121" charge 128 in an_assenbly 127 of Fig. 3 in
cartridge closure 114" and. preferably is generally greater than that
utilized as to permt both prinmer closure 131la’ and base charge
in a conventional No. 8 blast- 30 5 the ignition charge 133a’
thereon to pro- ing cap. For exanple, the” dfount of PETN,

trude from prinmer well 121" and end. as expl osive charge is generally in
t he order cl osure nenber 114" into recessed area of fromO0.8
to 1.5 grans as conpared with 117" to facilitate application
of percussion the coroapheppaht B WH thé mbrbmedAflay be conducted inrar by

the piston assemlyahbhgefd dide1ubihigefan B85 Fobhane crBsli Mred or

electric 35 10 device exte osure I'ng cap.
The anount of pri q@ﬁ g§m9051tlon. The crosslinking agent comprises

molecules having either a double bond and a reactive group,
5 two reactive groups or two double bonds. The agent may be
selected from a group comprising N,N~-
methylenebisacrylamide, N,N-methylenebismethacrylamide,
polyethyleneglycol di(meth)acrylate, glycidyl acrylate,
acrolein, methyoacrylamide, _ aldehydes, glyoxal,
10 diallylamine, triallylammonium salts, ammonia, C; to Cyx
amines (including diamine or triamine), epichorohydrine,
diepoxycompounds or the like and mixtures of the foregocing.
The crosslinking or branching is due to the inter or intra
molecular reactions of the monomeric units in the polymer
15 chain with the crosslinking agent. The agent is to be used
in sufficient quantities to assure a crosslinked or
branched composition so long’as the resulting polymef is
still water soluble or hydratable. Preferably,; 0.001% to
20%, and more preferably 0.01% to 10% based on the total
20 monomer Weighg, is used for the purpose. The proportion of
these materials in this application can range from 0.01 to
300 kilograms per cubic meter by dry weight of polymer on
volume of water or slurry.

25 The rheological profile of the polymer fluid is
significantly impacted by the anionicity and the degree and
tyre of crosslinking. Figure 2 is a chart showing a
comparison of viscosity development efficiency using a
composition and method of this invention.
30
The composition pearls or masses can exhibit a finite
and controllable life span in the excavation fluid. This
life span can range from several minutes to several weeks
based on the composition chemistry, physical and chemical
35 properties of the excavation £fluig. The composition



conpression and ignition of the charge e.g. charge 137 (137a + 137c) is

general ly 133a' . about the
sanme as utilized in a conven- When utilizing an enpty
primed rim tional No. 8 blasting cap, e.g. from0.28 to

fired or center-fired rifle cartridge case as 0.30 gram The anount,
degree of press and 40 15 an enclosure for the prinmer device of the

di mensi ons of delay fuse 143 in an assem assenbly of Fig. 3,
the rifle case portion bly of Fig. 3, is a%%bndent on the correl a-

can be of any desired length, such as in tion of those variables with the
desired the order of about 3/8 inch; and from burning rate,
fromO0.3 to 0.4 gram of del ay about 0.3 to 0.4 grain of the
ignition charge massescoripiofs t spanofcadn bei egnutroliedd by 48n20 dne generaal |y

enpl oyed al t houghhe,aepunt of T{}‘E‘ef%irfé!%{}% ! éh?mié’é’i“ ﬁéeﬂ&;pémsdata (1)

I's variabl e dependent upon the particula exe

rther
il lustrative, of 0ggree of crosslinkimg pfigr Pran Jr’?ﬁa'r é#br Je&Erednt%dm
conpl ete percussirosslinkingt adidy/orsebsghching; (3} solubplated. dyor

primer devicg 12%, Q0gpgs 8| Vi &GS ASSEERLY o chBSdpeiicaORs ; Bhha | (feX

cylindrical, rs referrin
nunber ed parts 5@ngdughent of- E?’qd@bt%’elsn(ﬂﬁ"@s’qrn SpEREER BYed t%ftqzltd‘.e
0.236 to 0.238 i romposidienst er. PRIMER UNI' T

The composition masses’ life span may be influenced

10 in-situ either positively or negatively by continued
exbosure to shear stress, exposure to cations or
electrolytes, exposure to earth solids, or continued
hydration over time. A composition pearl or mass can be
defined as a discrete constituent, or element, existing

15 independently within an excavation fluid, and possessing

the characteristics given above in the Summary of
' ]

Invention. These pearls ‘or masses impart unique
performance characteristics to the fluid allowing for the
reduction of fluid loss to the excavated formation. The
20 composition peérls' or masses’ ability to decrease

formation porosity at the formation interface is achieved
through the pearls or masses being drawn into the formation
voids and completely or partially plugging and sealing
these voids.
25
As these composition pearls or masses build on one
another they constrict or plug pore throats to reduce fluid
loss. A filter cake or matrix seal of synthetic or natural
polymer and/or resin is formed. This filter cake or seal
30 may incorporate water soluble polymer or resin to further
improve filtration control and filter cake construction.
The optimization of these pearls or masses is esgential to
the unique properties of the fluid and the filter cake.
These composition pearls or masses of synthetic or natural
35 polymer or resin or combinations thereof allow for the



Metal Shel |
2.98
i nsi de

'0.24 Ignition End Closure 131a
ri dge case for 0.22 cal. short

anmuni tion
Fuse Powder

126d

met al cylindrical Length, inches
55 D aneter, inches
0.22 out si de
Enpty, primed rimfired cart-

Del ay Fuse 143 60
BaC%err]/Te/Se/Pb-Sn

(32/32/16/20*-ratio by weight) Pressed, p.s1P~ 4700

G ams
i nches
0.22
0. 43

10

15

20

25

30

35

0.4 Lengt h,
0. 16 65 D anet er .
Spaced fromignition end, inches

elimination J% ipefitdinid, 08118/ and/or other colloidal
material from the fluid design when used in one method of
this invention.

The interaction between the pearls or masses, the
polymer, and the earth forms a filter cake on the fluid
column walls. The polymer £filter cake significantly.
assists in maintaining a stable side wall in the formation.
Side wall stabilization is enhanced by reduction in fluid
loss to the formation, maintenance of hydrostatic pressure
dffferential transferred through the wall cake and in-depth
matrix seal, and increased earth binding capacity of the
filuid.

The polymer filter cake produced by this invention
gignificantly reduces the fluid loss to the surrounding
fdrmation. Fluid loss to ’the formation hydrates the
ﬁo;mation and disrupts the natural cohesive forces between
formation solids. This loss of cohesive forces causes side
wall sloughing and cave-ins. The polymer filter cake
maintains a significantly more stable excavation than that
known in the prior art by reducing the hydration of the
formation and maintaining a hydrostatic pressure
differential through the cake.

Figure 3 shows the fluid loss control versus hydration
time of the preferred embodiment of this invention and two
other commercially available construction drilling slurry
products. Hydration times shown in Figure 3 are time
elapsed between introduction of polymer into mix water and
initiation of filtration test. Commercially available
products were mixed at low-shear with a single corrugated
disk impeller at approximately 3,000 RPM. The products
were stirred for 5 to 10 minutes and were unstirred during
the remainder of the hydration time. Bentonite was mixed



Di azodini t rophenol , grans 0.29 70 above

capsul e (137a') pressed at 3700 p.s.i. bel ow capsule (137b")

1 oose Base Charge 128

PETN, grans 1.5 - pressed at 3700 p.s.i

CARTRIDGE UNIT 75 Metal Shell 112" ’ metal -
cylindrical Length, inches

4. 68 D anmeter, inches

i nsi de 2. 04 -20- ~ outside
2.09 80 Recess 117', inches | engt h
0.41 Detent Ridge 124', inches

Di stance fromwall closure 114" 0.97
Protrusion from sfeld Hilgh shear0.td/ &¥sure good disper¥idhh arhdasest was

0.19 conducted at a antpcg.ir Bi'egéﬁzeé n@ifﬂﬂgﬁﬁfal agaﬁ.h@l\:mér
manufactured, artificial sandstone disk, 1/4™ thick having
a permeability of 20 darcies and a pore diameter of 60
5 microns nominal.

Figure 4 is a chart comparing filtration control
performance of a preferred embodiment of this invention to
filtration control of a prior-art polymer fluid, when both

10 polymers have equal times of hydration.

In a preferred embodiment of this invention, the
polymer materials are introduced into the fluid by direct
addition into the mouth of the borehole or excavation and

15 the excavating or drilling tools are used to mix the fluid
in-situ without_‘ benefit of other specialized mixing or
pre-mixing equipment or proceﬁure.

In an alternate preferred embodiment of this

20 invention, the materials used to c¢reate the earth support

slurry are introduced indirectly into the mouth of the

borehole or excavation, without the excavating or drilling

tools being exclusively used to mix the fluid in-situ.

Material would be added to the system with the benefit of

25 other specialized mixing, pre-mixing eguipment, hoppers, or
other indirect procedures.

The charge density characteristics of the polymers of

the invention are a primary factor in the earth binding

30 capacity of the £fluid. Earth binding capacity is a
polymer’s or material’s ability and capacity to bond to and
stabilize exposed or excavated earth. This affinity
functions to improve side wall stabilization, borehole
gauge and removal of excavated earth. Anionic charge

35 density, or the ratio of anionically charged pendant units
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Wei ght, grans 250
o 3.27 D aneter, inches
Conmposition, w. percent Anmmonium nitrate
DNT 5.0 Ny Fuel Q|
Particul ate al um num 14.8 °~ * Pb/Sn, 85/15
_21_

on the polymer, is a primary contributor to the degree of
earth binding capacity a polymer possesses. '

In one preferred embodiment of this invention, the
excavation carrying capacity, or the ability of the
excavation tools or systems to hold and remove increased
loadings of earth, is significantly improved due to the
earth binding capacity of the slurry. The improved earth
binding capacity allows removal of excavated solids, or
earth, with excavation tools not previously successful when
p}ior art materials have been used. Improved excavation
carrying capacity increases the efficiency of the

. excavation operations.

In a preferred embodiment of this invention, the
polymer is a water-soluble orzpartially water-soluble or
hydratable or water—dispérsible linear, branched,
crosslinked, partially-crosslinked, or grafted material,
which is further treated with hydrophobic surfactant to
retard hydration or through blending the materials.
Hydrophobic surfactants can be added by in-situ co-
addition, coating, micro encapsulation, or physical
processing.

When the polymer of the subject invention is non-
crosslinked and water-soluble, partially water-soluble,
hydratable or water-dispersible, the granulometry,
hydrophilicity/hydrophobicity, molecular weight, rate of
dissolution, and other factors are combined with an
application technique which. exploits the transitory
hydrational phase (the period of time during which the
polymer is suspended in the fluid as discrete partially-
dissolved or dissolving masses oOr pearls) to accomplish
control of fluid loss.
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The main charge of the conplete seismc and E; solid dinitrotol uene,
fornmul a- charge assenbly is a nitrocarbonitrate by tion F whi ch
term ("nitrocarbonitrate”) is nmeant (3) Flake, forrmulations A and C
granu- 65 15 there are no sensitizers or other ingredients |lar,
formul ation F In that conposition which are high expl o- si ves, and t he
m xture will not detonate The generally preferred nitrocarbon
with a No. 8 blasting cap when packed tratgs contain (weight basis) from
about 75 for shipnment. to 95 percent total inorganic
oxidizer salt 70 20 N trocarbonitrate type explosive charges, and at |east
5 percent of a suitable sensitizer as is well known, contain at |east one
conponent together with a separate fuel i norgani c oxi di zer salt, a fuel,
and a suit-- conponenHY@RePheRkS rFfagsABLS! £8R Ben incorperat@dsiimtoethe

tolglet Eer Wi th vapolymedt dieri i RiaHTE 8 £60d %ndpé@f&é @J?i'télrlbﬁlﬁ:b@l Icﬁfn{ﬁdi’zﬁent
we nown i ngre mor e Qun rills S € 0
i norgani c OXIdIZg?ﬁgé §§Eﬁ$na€héjk?§§% §§EP ﬁa?grg?eﬁe %#nm%ﬁﬁﬁ? ®sal t
although it cansw&fageark gty to nuesardl hwdreiéohi lend \Vbrolord erthe
ug
amoni um  ubi | | Zedta8sof USH pdat18NoAFMEEYe sOfi £h (R '«irlthahﬁrc?é&sdﬁrﬁéﬁgch' ef

I nor gani ¢ OX'd'Z%ﬁesﬁb&r5£hob{é)é%%fgeEgggg éé%§¥fgg's&% acerég%fggngée%ts
having HLB (hydrophilic/lipophilic balance) wvalues in the
range of about 2 to about 10, preferably less than 8.
Suitable surfactants include sorbitan esters, phthalic

10 esters, fatty acids, glycerides, glycerines esters, as well
as amides and ethoxylated or propoxylated versions of the
above. A preferred embodiment of this invention
incorporates slightly to moderately crosslinked polymers
with slight surfactant treatment.

15

In one preferred embodiment of this invention, the
pearls Or masses are transitof&. The transitory nature of
the pearls or masses is controlled by the type and amount
of crosslinking of the polymers. The polymer crosslink

20 ruptures over time and the pearls and masses dJdegrade.
Hydration, shear and ionization degrade the total polymer
and disrupt the mass structure. The soluble polymers,
pearls, and masses, c¢ollapse or degradation can be
accelerated by contact with divalent and trivalent cations,

25 oxidizers and/or chlorides. This collapse or degradation
of the pearls and masses is critical for construction and
other industries where concrete, grout, cement, or other
materials are placed in a column, wall, or trench. In
these applications side wall friction, or side wall load

30 bearing capabilities are important. This invention
prévides for significantly reduced residual interference
with side wall characteristics, thereby producing improved
structural integrity and load bearing capacity.



gr edi ent al one, or with sodiumnitrate or to 15 percent sodium nitrate,
Now pre- ot her suitable inorganic oxidizer salts. Fur- ferred sensitizer
conponents are DNT oil, 80 30 ther exenplary of inorganic oxidizer salts
‘DNT* solids, particulate alum num and that can be used al one or together
with an- mxtures of any two or nore thereof, in a nonium nitrate as
t:ve. i norgani c oxidizer total anount of fron1about 5 to 20 percent, sal t
I'ngredi ent of nitrocarbonitrates are ?t about 5 percent of the
particulate alkali netal and alkali ne ear metal al um num being

f:l ake. Also, in preferred 85 35 nitrates and perchlorates (including am
practice, the nitrocarbonitrate charge con- nmoni um as for exanpl e sodi um
nitrate, tains, as a separate fuel conponent, fuel magnesi um nitrate,

cal ciumnitrate, pota¥he degradptdemdofoeie sglanilared| RAWYReT. oPearls singm
nitrat ehl bar![ UM risisedt Bvi QoG U’ﬁhep?irlul@ X4l eQh Hit\Qb;AFt. e tsiﬂaéeafan: In
any chl orate, m._ perchlorate a eneral ly.
from 2 to 15 per IRt sats. RIGRTeSt 8hELyC Tntrithe " the” Rigen il e

Vel | known sensi tdoeditighents abeef aprinn raxrt drﬂwmamgreﬁérﬁxﬁgvhﬁanrflu;d

smal | nitro-s caJé&&bhbé&% Irfqlgu% %&Jmapefapﬁi&@i Qe&é%ﬁﬁﬂaéi&i Qf
sei sm ¢ char ges, al one or _t oget eg%%ﬁil1 sui tabl e

t hose whi ch have a?%\eéﬁf ?‘F&ﬁ]t”i?g“:?ﬁn pressurg frof pxt o teghring
exanpl e, powder efagoalfing | H3nd armbexiteaset éribledt UwWAsEZing? brbdr 9mmMS
fuel oil, ferrosiddch@Biobr 14405 PBREeESr & emBBE i HENE! b1 9REr EXCapHiMg
about 3 |nches
degradation also improves displacement by concrete, cement,
10 grout, etc. yielding improved gquality of the final
structure or plug due to decreased contaminant intrusions,
voids within, and/or direct contamination of the concrete,

cement, grout, etc. of the final structure.

15 In one preferred embodiment, the hydrated or
partially-hydrated natural and synthetic polymers form
masses that plug the pores in?granular soils, and thereby
slow the seepage of the earth support slurry into the
surrounding soil. Polymers which exhibit earth binding

20 capacity are preferred. Polymers which allows high
formation-to-concrete adhesion, which is expressed as
"perimeter load transfer coefficient®, are also preferred.
See Figures 6 and 8.

25 Figure 8 shows skin friction development of a
preferred embodiment of the invention after 24 hours
contact time in an experimental drilled shaft. The figure
shows that the preferred embodiment outperformed bentonite
in developing skin friction. The figure also shows, by

30 omission when compared to Figure 6, that slurries
formulated from attapulgite and from emulsion PHPA failed
to maintain a column of slurry in the experimental drilled
shafts due £6 complete fluid loss. The polymer of~the
present invention developed the highest skin friction of



.the like. The follow ng formulations (weight Al t hough, with reference to
Fi gures 3, percent bases) are further illustrative of 3A and 4, we have
_described preferred em nitrocarbonitrate type charges above de-

"bodi ments of percussion initiatable priner scribed and now preferred in.
practice of together with cartridge assenbly contaln- 100 50 the invention:
ing same and particularly adaptable to

seism c system and assenbly discl osed and 24- A BCD EF
illustrated in application No. 47697/68“ Amonium Nitrate([err]) 82
91 86 79 91 78 (Serial No. 1248431), other enbodi nents of Sodium N trate
- - - 10 - - primer and cartridge assenbly, are within 105 35 DNT([err])
- 5 - 5[err] 55 the scope of the invention as illustrated with

Alum num([err]) the slurry forblatitfls weich ewere tcapagle ef MmaiBtahningi ve

and  Fuel Ol  f1yuid in th Lhftheal arlilaflddWhas8. for FRL MRRIAd CON
8- - - - Thulsnrefeererlpﬁg to 1lz':'agudreslgAto hgr G ound Coal

4 44 4 4 primer device shown thereinis simlar to 60 (1) G ound
prills, formulations g BstiXl t&nnthdnnmpﬂefeErgdresmedBﬂennd 3B, . entept

and D; granudar, ;§£¢ | f e.
Q her - (% Di Jﬁl t%tg%tgbﬁegg%g?ﬂs’f orer%jl gjt:a%%% ?a’%%%ﬁlgrg%eghgﬁldggg%?é%gon
of Figures 3, 3p0Ehdraterials used to prepare a slurry are sorted or

produced to consist of various size particulates or flakes,
ranging in size from 0.01 mm to 50 mm, preferably 0.01 mm
to 10.0 mm, and most preferably 0.10 mm to 2.5 mm as
10 determined by screening with sieves having openings of
these sizes. The dry particles, flakes, or crystals of
materials used@ to prepare the slurry are of various sizes.
The materials are produced, sorted and selected in various
particle-size sub-ranges to optimize fluid loss control
15 performance in specific types of granular, vugular or
fractured earth formations having varying sizes of pores,
vugs or fractures. The largef particle sizes are required
for such .porous formations as sand, gravels, cobbles and
glacial tills. Less porous formations, such as hydratable
20 shales, clays, and silts require smaller particle sizes.
The choice of particle size is important in optimizing
product efficiency in different formations. In a preferred
embodiment of this invention, the particle size for the
granular, flaked or agglomerated polymer ranges from 0.01
25 mm to 50 mm, preferably 0.01 mm to 10.0 mm, and most
preferably 0.1 mm to 2.5 mm, with the majority by weight of
the granules being between 0.40 mm and 2.5 mm.

All embodiments of this invention may be manufactured
30 and used in liquid form, i.e., as an emulsion ({(oil-
continuous or water-continuous) . suspension form,
dispersion form, so0lid form, or solution form. The
preferred physical form i~s dry granules, flakes or
agglomerates.
35

»*
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7 3B is applicable here. The features in assenbly 263
I n any suitable manner, as Figures 5A identical with
features in Figure for exanple by a bushed frictional fit in the

3 are shown in the draw ngs as foll ows: open end of"well 269. Well 269
I S supported

in opening 268 in watertight rel ationship 5 251 -

el ongat ed shel | with the iT%6rior of shell 264 in any
suit- 70 252 - priner device in general abl e
manner such as by flange, or lip, 269a 253 -expl osive
base charge integral with well menber 269 at the open

254 -cl osed end of shedd preferred emboddm@ntheseoftrdyd sseéeehignd iseahbed
in re- ; ; l; . CEess
bBob i n ol osur e Zgg}y?iﬁnrﬁgﬁlﬁnlﬁﬁfilky QbngRg FLAS WS ld¥indREhYy 35%CES

approximately 2’5% ewith a molecular weight in excess of
100,000, preferably in excess of one million and most
°5 preferably in excess of ten million, as measured prior to
cross-linking, which is slightly crosslinked from 0.01% to
10% using either aldehyde, C, to C, alkylamines including
diamine and triamine, and/or methylene bis acrylamide. The
polymer is either a copolymer of acrylamide and acrylic
i0 acid or maleic acid, maleic anhydride, or fumaric acid, or
AfaPS. styrene sulfonic acid, wvinyl sulfonic acid,
methallylsulfonic acid, and their salts and any combination
thereof. The molar ratio of these components can vary in
order to achieve the desired anionicity for the particular
15 formation and water conditions. particle size for the
granular polymer in most formation conditions should range
from 0.01 mm to 10.0 mm with fhe majority of the particles
being between 0.1 mm and 2.5 rmm. A viscous earth support
fluid is preferable with Marsh Funnel viscosities ranging
20 from approximately 35 to in excess of 300 seconds depending
on the reactivity and porosity of the formation. all
fluids should be as non-gelling as possible to allow
settling of disturbed earth solids as well as dispersion of
additional fresh polymer. -
25
Example

A dry granular water-scoluble polymer slurry of the

present invention was tried under a field test in Seattle,

30 Wa_shington. The field test drilled over twenty soldier
piles for the foundation of a building. The new dry
polymer demonstrated very good performance in comparison to

an indusf:ry-standard oil continuous phase en]ulsion polymer

with an average charge density of 30% anionic, which had

35 previously been useqd, and displayed advantages in



256 -Spen end of shell - | ow, and coaxial with, recess 273.

Washer 75 257 - ignition charge 274,
in recessed portion 273 of closure 267 258 - partially
cl osed cavity in shell I mmedi ately subjacent closure 255, en-

259 - outer surface of shell conpasses opening 268 as an anvi
type 260 - prinmer charge in shell support
for closure nenber 255" at the 260a -

di azodi ni t r ophenol waf er time perciiSion force is applied to com
80 260b - el ongated capsule press and responsively ignite

I gnition charge 260c - second di azodi nitrophenol charge
257' . In one such enbodi ment cl osure 267

iSdadvant agﬁorsl yoforsExidg a’rnuadplllasbi eg tlﬁe borehole, cleaninbnthegHoes 5B
and 5C, eac et | ri and, . . ' i vjice
20 nunber refersggé_gggﬁé%gggbg 8.gEFguf&ﬁgikkyggézggﬁgﬂéﬁyg%ngﬁﬁﬁ§s???rn1y
supported i n 85 fe@hE}9nedibprepsingnelrigdingn-¢tficiengy . nuaid padusdBday
274 at its upperpéDgmer walste and enviroxbﬂntfrﬁ)lld, inPa@edi t i THis 28hitial
represents con; ‘Eﬂ% osMre, 26 | n_ass 26 i o

a5 a?%lal errpot%y é% £né zb%?(lp? W ssrg.&cgsgsm?yand ndt:.cates

ventional pin-fi rimed t Y3ava eous a plrastrc
material of con-that the novel dry podymeriEge e@st nghrableg ngveFpPhdEptal

casing tour thetpaneoasddtiain @ribhendniedusaly). of o 25
portion 251a' or 251b. The features are shell 264 and is inserted into

watertight 90 all the sane as corresponding features in closing
rel ationship with she$haldsqquantities of a dry granularFippiveer3fofantheB.

enbodi ment shownprpsast i iGN IBRIDEPP solid, and a liguid emulsion analog
of_the present invention, CDP Liquid, were supplied. Of
fourteen soldier pile holes, nine were drilled with the new
dry polymer, CDP Solid, three were drilled with the liquid
analog, CDP Liquid, and two were drilled with the industry
15 standard 30% anionic PHPA emulsion polymer.

The soldier pile holes drﬁlled with slurries prepared

from the three different polymers ranged in diameter from

30 inches to 42 inches, and in depth from 28 feet to 42

20 feet. The formation was glacial till, poorly sorted, with

lenses of sand, layers of silty clayey sangd, and sandy silt

with cobbles and gravel. Water was encountered at various

depths within the boreholes, and in some holes strong water

flows were encountered. One hole was a re-drilling or

25 reaming-out of a water extraction well previously drilled
on the property to help lower the water table on site.

The competitive test showed that the polymers of the

invention had advantages over the conventional emulsion

30 polymer with the dry form of the invention demonstrating
advantages in ease of use. The advantages included:
superior control of fluid loss to the borehole; greater

ease of use by the drilling crew; reduced product
requirement [the dry polymer replacing the conventional

35 polymer emulsion on a 1:6 basis]); reduced wastage;

“



“Wth reference to Fig. 5D, all prined 267 and shell 264 can be a plastic
unit of i ndex nunbers refer to |like parts of Fig.
integral construction formed by injection 30 5A identified
therein by the sane, but nolding. Nowpreferred plastic materials 95
unprined, index nunber. Conplete seismc for the formation of the integral

unit of charge assenbly 263 conprises el ongated shell
264 and cl osure 267 are pol ypropy- -27- cartridge shell 264
closed at the bottomend |ene, polystyrene. and the |ike.

265 by any suitable closure neans such as When utilizing an enpty prinmed
rim 35 crinped on closure 266 and at the other fired, or

center-fired rifle cartridge case as end by closure neans 267 secured to
shel | an end cl RIS Teke P Dedetyatier: gmproved cohesive loadipgjofn
gny sui tabl e man@erlredl €M SHII@s Iarga:heg/éa@_ avfﬁltiohir]ftbelﬁa_aﬁdp@?ah@édCan
e  ror@s e extendi ng therethrough in of any
desired | ength, SUCH 48" ﬁc%?.hg’g%%égfon. di rect

comuni cation, and in substantially of about 3/8 inch. From about. 3 to 4
grains ] 5 Alwzcsg@g ?bﬁgﬂﬂﬁﬁ}ai‘z\ﬂéZ&btéﬂﬁéd Ntejodimehtshebk ehet he
i gnition charge i S gen- . . .

erally enpl oyed %ﬁ?g%%aud'ﬁs t%leavgm)uﬁFni sdes':r:Lbed hexrein, lt Pfslhﬁ%%d&SE%W' y
252" extends enduR@erstaed abhat dependaventpem tie nui t¥esfzicteghito the
cont enpl at ed The e e R0 1 bl | 264
cont enpl at ed. . . . into well nember in s :
priner device 25255 ¥he TN IRTPIHAR S Giensions are possibjie wilfiohe
sufficientlifto derpotinexpgiren vehe hasrfirixb3'angenarabey ¢F orihgbodnsgant4 to
3 inches in invention.

»



-Lh_ggfbggt[ng relationship wth nitrocar- |length by about 0.224 to 0.226
inch in bonitrate charge 270. Prinmer assenbly 252

' ?’Lﬂmut"mumlﬂdm expl osi ve I2;3 pir ﬁf '[eLgbl v disposed enti rg: gsu\r/\liet SIGQ and

ni ttoctar bonmtrate« charge device of Fig. 5A, is generally greater than

270 except to permt primer end closure 255 that utilized as base charge
in a conven- to be flush with the exterior_surface of tional No. 8

bl asting cap. For exanple, the -28- cl osure 267, and
preferably, to permit both anount of PETN, as charge 253 in Fig. SA

wal | closure 255 and charge 257" thereon to is generally in the order of
from 0.8 to protrude from the end of nmenber 267, in
1.5 grans as cooparesl: with a conventi onal either event, to
enabl e direct application of amunt of 0.4 gramutilized as base charge
percussion force outside shell 264 to surface in a No. 8 electric blasting
cap. The anountl. A method for thpsopreparatinmrasdi ose ad apgmearitdn of

of primer charggrabi iz &126@. cofipgesitig: . .. charge
257" . 5 ally about the sane as utilized in a
conven- _ Passageway 268, and support for well tional
No. 8 blasting cap, @l g. &dimg 8. DBuid-bag@dneantineews nhasel bod €avigy are
nore to 0.30 gram in the earth; agdearly shown in Fig. 5E which is a
Vi ew In one form of practice, the initiator of end
portion 271 of cartridge assenbly prinmer device, such as of Figs. 5B and
5C, _ b) 268iddnghsupolymisre havgngcan ZBRonipr Fhargelglensday be
fabricatedipy insertian ofrd &BYY 1% to about 95% to said continuous
phase.
2. The method of claim 1 wherein said polymer is
15 functionally effective to form az plurality of composition

; pearls or masses in said continuous phase. :
4

3. The method of claim 1 wherein said polymer is
20 functionally effective to achieve fluid loss control in
said earth cavity.

4. The method of claim 1 wherein said polymer is
25 functionally effective to stabilize the earth adjacent to

the cavity.

5. The method of claim 1 wherein said polymef is
30 functionally effective to enhance the cohesion of earth

solids to facilitate their removal from said cavity.

6. The method of <claim 1 wherein said polymer is
35 functionally effective to improve the perimeter load
Thisﬁhietliﬁlﬂmn i{ﬂilixced




-vice 252" j 9 is supported prined rimfired, or
center-fi ngl Hﬂml IU 5 in opening 268 in the end nenber 267
e SiNg as e

of cartri open end cl osure, 130 8
"1 248 432 _ 8 in a fuse cap of
standard design which is (not shown) is |oaded with seismc charge an
el ongated shell containing a base ex- assenbly 263" for delivery of sane,
cl osed pl osi ve charge and a prinmer conposition end 267" first, to the
underwat er shooti ng 45 superposed the 2on and containing an zone.
Assenbly 263" is then passed through 5 enpty (open) end portion for
-accepting a tube 276 into the underwater shooting zone detonating fuse

for initiation of the primer. and, fromtube 276, into direct contact of
One nethod i n acrendfecechktac il Litidsh&CIsesuctuiralbeler&ds Oforiddam

devi ce the<§%?? el.spic, charge assenbly of the 252" with inpact
plate 277. Plate %%§t§0é§01€¥hvention can be delivered to the under-

supported in the shooting zone, by attach-

7. The method of claim 1 wherein said fluid has a Marsh
5 Funnel viscosity between 35 seconds and 300 seconds.
8. The method of claim 1 wherein said polymer is modified
to inhibit hydration.
10
; 9. A method for the preparation and use of an earth
E stabilization fluid comprising:
15 a) adding an aqueous based continuous phase into an
eargh cavity; and
'
b) adding an anionic polyacrylamide co-polymer
having a functionally effective charged density,
20 said polymer forming a plurality of composition
pearls or masses in said continuous phase.
i0. The method of c¢laim 9 wherein said polymer is
25 functionally effective to achieve fluid loss contreol in

said earth cavity.

11. The method of claim 9 wherein said polymer is
30 functionally effective to stabilize the earth adjacent to
the cavity.

TG




-wat er sho hen fired, com nent to the, term nating end of
a dellvery tube, and a rigid therein by
_connectlng*c es ZV s antd para- i npact body, fromthe deck of a boat
‘mov-  vanes 279. Cables 278 and paravane nmem ing along the water
surf-ace above the shoot- bers 279 serve, collectively, to stabilize the 55
ing zone, the delivery tube extending from position of inpact plate 277,
substantially the boat deck into the shooting zone and in its position as
shown, during tow ng. terminating theréPn in spaced apart rel a- Air,
under pressure from conpressor 281 tionship with the rigid inpact body.
The secured on the boat deck, is passed through rigid inpact body is
advant ageously a plate 1line 280 into | oader 275 agai nst the assem 60

di sp_ozed ihn a28I1aane substﬁath@alybﬁgorcrmﬂmt 09 bhuegéﬁj adailgt spgmglmg§6'l§o
provi de the at_its ing.e essar
nonentum for ftugl?fc@é*él% telg%e%% s‘festtgecﬁ1 iy rlf}}?e ‘?cf]'besm(?r r%%ﬂ-‘% to
sembly 263 vmtf$ﬁ¥¥§ﬁetQ??anla%Q%ﬁnﬂhQﬂr remoyné boom, sa¥d aayidyi.t abl e

manner. As the the required force of percussion on closure t ube and
pl ate nenber, are towed through 255" for conpression and ignition of 65
the shooting zone, the seismc charge as- charge 257". 25 senbly is

passed, prinmer ddd fThet K méthod ahpadEipl afe REFreédn spwded Pedymehe Bwd

the boat deck tffr@whohamieléﬂfédtﬁ\}ébe t3NdimBobaiberree/ 6 et ihBeerNdes @t er
shooti ng zone into direct contact of the rlnerlenqemengs gosuf I cl ent

di stance to per HE3LEEnH r?%gerlStlcs of 'stictira in
said earth cavity.

10
14. The method of claim 9 wherein said polymer is added to
said continuous phase while in a solid, granular physical
state.

15
15. The method of claim 14 Jherein said solid, granular
polymer particles range in diameter between 0.01 mm and
10.0 mm.

20
16. The method of claim 15 wherein the majority by weight
of said solid, granular polymer particles have a diameter

- between 0.10 mm and 2.5 mm.
25

17. An earth stabilization fluid comprising an agueous

continuous phase and a plurality of composition pearls or

masses suspended therein, said composition pearls or masses
30 being formed from a functionally effective polymer.

18. The stabilization fluid of claim 17 wherein the
polymer has a molecular weight of greater than 100,000.

niiiiif l‘iiilfﬂfi‘ i

35



the rigid e resulting to enmerge conpletely fromtube 276
before 70 mg( ussion on the prinmer end being fired to
,preclude hestube 30 causeés conpression and responsive igni- so

that it can be avallable for multishots. tion of the confined ignition
charge, thus By way of test, 25 assenblies of Fig. 5D initiating the
priner device with subsequent were initiated by percussion force of a free
detonation of the main seisnm c charge. falling hanmer on the priner
surface 259'. 75 The above-described 3hethod for em The ignition
systemin each assenbly, in- 35 placenent of, and firing, a conplete
seismc cluding elenent 255", was an enpty prined charge assenbly of
the invention, is further cartridge case 261 of Fig. 5B. In each

illustrated with wef errﬁecesttabﬂlﬁat@.ohn i) JenStaase tife wﬁéﬂeﬁbar&% 270
was com al | ! I ref to Li arts of _ plete et onat ed.
Fig, 50 identifi Pﬂ%gegﬁgg§ HEX ﬁg wﬁﬁ?ﬁt i%.?F?ﬁ than ?@eaéégﬁﬁW?es had
the sane 40 unprined or |ess-primed, nunber. Refer- specifications,

which are tabulated as ring to Flg 6 a seisnmic charge assenbly

fol I ows: 5! 0adgr 24p.S6QULSY 590, d8gk 1,58 om0 Wlin 17 wherein said

polymer is anionic.

21. The stabilization fluid of claim 17 wherein the
i0 polymer is crosslinked between 0.01% and 10% based on total
monomer weight.

22. The stabilization fluid@ of claim 17 wherein said
15 polymer is an anionic polyacrylamide copolymer.
Fd ; ,
23. The stabilization fluid of claim 17 :wherein said
polymer is selected from the group consisting of: acrylic
20 acid, methacrylic acid, maleic acid, maleic anhydride,
fumaric acid, itaconic acid, wvinyl or styrene sulfonic
acid, 2-acrylamido-2-methylpropane sulfonic acid,
methallylsulfonic acid, water soluble salts thereof; and
combinations thereof. :

25
24. The stabilization fluid of claim 23 wherein the
polymer has a molecular weight greater than ten million.
30 )
25. The stabilization fluid of claim 24 wherein said
) stabiligation fluid has a Marsh funnel viscosity in excess
of 35 seconds.
35 T, PR .-
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. : - Above capsul e pressed
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26. The stabilization fluid of claim 25 wherein the
polymer is crosslinked using a material selected from the
group consisting of: N,N-methylenebisacrylamide, N,N-
methylenebismethacrylamide, polyvyethyleneglycol
5 di(meth)acrylate, glycidyl acrylate, acrolein,
methyolacrylamide, aldehydes, glyoxal, diallylamine,
triallylammonium salts, ammonia, C; to C, amines,
epichorohydrine, diepoxycompounds and combinations thereof.
i0

27. The stabilization fluid of c¢laim 17 wherein said

polymer has a charge density of between 1% and 95%.

15 28. The earth stabilization fluid of claim 22 further
comprising a polymer selected ;rom the group consisting of :

polysaccharides, gunms, biopolymers and combinations

thereof.
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Bel ow capsul e | oose Base

Expl osi ve Charge 253 PETN, grans

1.2, pressed under 3700 p.s.i. -33- 15 Shel | 264

Al um num -cylindrical Length, inches 6.0

D ameter, inches | nsi de

1.92 Qut si de 2.00 20
Mai n Expl osi ve Charge 270 . Weight, |Ib

0.5 EARTH SUPPOREFEHID| GRMRRSITION 4.25

D anmet er, inches 1ARDI¥ETHOD FOR ITS USE

Density, gns./cc. 1.02 25 Conposition, wt. percent
Anmoni um nitrate 78.7 DNT

5.0 ARSIRNGT n oi | 1.5
Particul ate al um num 14. 8

This invention relates to a method for preparing and
earth stabilization fluid, a method for using such an earth
stabilization fluid and to the earth stabilization fluid

10 itself. This invention uses a continuous phase that has
been added to a borehole and a polymer material that forms
gel masses having desired functional properties when added
to the continuous phase.
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25

30

eet Has Been Reﬁaced

T



3 éx nunber not shown in F|g 6

" When desired,
a delay fuse is positioned

spaced from said ignition ¢charge, and a 60 in
shell 251 of Fig. 5A superposed on priner charge within said el ongated
shel |, primer conposition 260 so as to del ay
internedi ate said ignition charge and said 35 detonation
of expl osive charge 253 after base charge; dé4d base charge bei ng deton-
percussion initiation of ignition 257, as atable in response to detonation
of said |IIustrated W th reference to delay fuse 143

primer charge and an ren it of the
primer assenmbly of Fi}. 3CDP"‘ rel ationship therevm th, d said priner
charge being detoné?g'ol e PH =/ esponse to L 40 WHAT WE CLAIM

| S: - B 112 ignition of said igniti o,n-v'tihar ge d spaced
1. A conplete seégsm c|jcharge assenbly in det Q.natl ng rel atipnship
therew th. 98 ready for J‘..r‘rl ng, conpri-sing (a) a closed
2. A seismc ch geagpsenbl y accordi ng . . | cartridge
shel | containinggfrom 1/8th to toglvalml wherein the pr|nmer device com
3 pounds of a nifroé@fbonitrate ch.a‘rge as prises an enpty prined rifle
cartridge cas- = 56- 45 the main seisnic expl oskve charge and
(b) ing constitEti ng{said vval'T menber, in said a
percussi on-initigtakee pri mf¥ device with- closi ng relati-ofrship. wth
said el ongated g 26 ' - .

14 B

0 —pempmreg——pe——r — p—— .

0.000 0.005 0010 0015 0.020

CDP™ Dosage, ppg

Marsh Funnel Viscosityvs. COP™ Dosage.

Flé, 1

COMPARISCN OF VISCOSITY DEVELOPMENT EFFICIENCY

Novel Doy Gronular PHPA vs. Conventional Emulsion
F.’HPA and Dry Gr:mumr 30°: Anionic PHPA
40% Anionic 30% Anionic 30% Anionic
Mix Time = 10 minttes Ory PHPA, MW|  Liquid | Ory PHPA, MW
Hamition Boach Mixe: war |  25millon |  Emulsion 25 million
s"‘“’('.°° gt ol PHPA, MW
ppro: P 15 million

Dosage, active polymer, grams/liter 1.0 1.0 1.0
Dosage, as received, grams/iiter 1.0 3.13 1.0
Marsh Funnel Viscosity, sec/qt 61 49 54

Higher anionic charge and optimized surface treatment
yield greater viscosity than 30% anionic polymers.

*Active polymer® dosage ignores smalt percentage of moistura present
in dry-form polymers, and is thus approximate.

Fle 2



i Ptheecartridge shell,

75

the primer device
conprising a cl osed el ongat ed shel

seismc charge assenbly accordi ng
to Caim 2, wherein said enpty prined

di sposed across one

50 end of said el ongated shell

shel | .
I n
cl udi ng

- 3. A
menber

a wal |

in closing ré&ffa- rifle cartridge casing is

rimfired. tionship therewith; an ignition charge

4. A seisnmc chggge_assenbly accord. withipg said

el ongated shell supported in ing ta daim?2} wher in said enp pri med 80

confinement on sai d|wal huidRBRgEontotal tQ rifle cartridge casifhg is center

fired. Hegsed i n rrespgnse to percysSsion 3. A

seism ¢ charge asseinfb| ySiumy Srotducts f 55 applifed to said wall

menber from out sidge - oM@Inam imessule \ther-ein-gai-d eppty—/ - -

sai d el ongated shel ||, | a ﬁmﬂ re- |'g'rred rifle gartridge caging

is 0.22 caliber. g’:"‘m' parmeabiity of spjonse i1f/o conpressi/on resul ting |from
. . . ias and

sai d 6. A sei sn c|chatifiens accgrdi ng 85 i

percussion; a hi gsgoeax. to afly one of, yhe preceding_cliai ns,

wher e- B Icharge wit hi n” $Aiid "€l ongayed shell and in said

pri mer charge of the

> priner tdevi ce
|

)

{

' i

l I . el
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300 | Y | |
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9 5 1248432 COVPLETE ASSEMBLY
263 Primer 252 Met al Shell 251

Al um num cylindri cal Lengt h, inches 2.25
5 D anmeter, inches --

I nsi de 0. 225 Qut si de

0. 246 I gnition End 255 0.22 caliber enpty
short prinmed rimfired
rifle cartridge case Primer - Ignition 260'* 10

0.29

Di azodi ni trophenol, grans

3/4

FILTRATION CONTROL PERFORIIANCE

Teove Dy PHPA o Corvnno ot Eongs o FHPA
Permeabliity = 20 darcies Dry PHPA, MW Liquid
Hydration Time = 30 minutes 25 million, Emusion
differential pressure = 5 psi G"i";:' 15 Pgw
Dosage, active polymer, grams/iiter 1.0 1.0
Dosage, as received, grams/iter 1.0 313
Time (minutes) vs. Filtrats Vol. (mL)
00:30 10 13
01:00 15 24
02:00 25 48
05:00 45 121
10:00 - 247
15:00 60 384
20:00 i ] N 450
30:00 \ 15 675
Gran size is max. particle dim-nLa\ Product contains smafler particles also.

FI6 4

1 t |
"] cop™
30 Minutes Contact Time .
E 03] UpperBoundary o ... ceccommmmann -
] o  Weighted Avennge  © :
) U 2oty i
0.4 ~ .:
] Lower Boundary
§ 0.2-: ;.
1 1
E 0- 1 L 14
0.000 0.005 0010 0.015 0.020
Dossge of Solid Vinyl Polymer, ppg
Values of f) max / Cell Pressure fiom Extraction Testing for Fine Sand
Peak Ve pecirmans Drilled Undes CDP™ Sturries, .

FIG S



Afove €apsul e

pressed under 3700 p.s.i.
Base Expl osive Charge

Bel ow capsul e | gose

253' PETN, grans

3700 p.s.i. 15 Shel | 264
cylindrical Lengt h, inches
D aneter, inches I nsi de
Qut si de 2.00 20

V\é| ght1 |b 1.6 - | 1 i 1 ().5 L ]
4.25 ] D anet er, 30 Kshes
Density, gms. /cCCygl CobabXidd |
per cent Anmmonium nitrate
DNT 570

0.6— w—— L ’&‘"””"“. ssmenss

0: / e

4- - L
] Ben
s O ot p I
- Seeepeeed m
I pmiae Pomsr
0.0 ) g— T T | B
Low Mid High
Slurry Dosage

- . Comparison of mean normalized
rerimeter shear for 30 minutes contact time.

FIG. 6 ,

i i i Il

1.0 i | 4 - .
Drv Vinvl 24 Hours 4
1 Polymer Contact Time {
6.8+ -
: s ~———., .
.64 3 < -
e’ ] r
= .
0.4 Bentonite -
0.2 d
0.0 — T
Low Mid High

Slurry Dosage

Comp.mwn of mean normalized
perimeter shear for 24 hours contact time.

FIG 8

i

-

1.2, pressed under
Al um num -
6.0
1.92

Mai n Expl osi m 70
Lew id Polym.

1[ er r]mfmbwam

© Ilppbl[LlL{ll, W
100~ (3 Emiuoung\”
é-’o
§
iso
$ 70
i,
E s
%
40
10 ,J/
1 __[__1__1__1_
20l \nmtydmu-zbudq'

[+] Pk | 47 100 133 31467 200
pounds of polymer per 100 gallons

Lt 1 ) L i }
] 2.5 3 7.5 10 125 15
pounds of polymer par 100 cubic fest
| S | 1 { | 1 J
(4] A2 83 124 166 208 2.49
kilos of polymer per cubic meter

16,7



. Tevses-4 o s
‘Paraffrn oil 1.5 Particul ate al um ngm

14.8 30 *Index nunber not shown in Fig. 6 When desired, a del ay
fuse is positioned spaced from said ignition charge, and a 60 in
shell 251 of Fig. 5A superposed on prinmer charge within said el ongated
shel |, primer conposition 260 so as to delay internediate said
ignition charge and said 35 detonation of explosive charge 253 after base
charge; said base charge bei ng deton- percussion initiation of ignition
257, as atable in response to detonatidh-of said illustrated with
reference to—delay—+use- rimer charge and arranged in detonating 65

of the prinerhasgéﬁETyH%ﬁ Y 3. rel ationship therewth, and

said priner REPLACED charge being

det onat abl e T TESponse to 40 WHAT W CLAIMIS: -

ignition of said ignition charge and spaced 1. A conplete seismc
charge assenbly in detonating relationship theremﬁth ready for :
firing, conprising (a) a ‘éUPﬁb ssenbly according 70
cartridge shell contalnln #géEQPE%F #gg. mhereln the priner
devi ce com 3 pounds of a ﬁ) rge as prises an enpty

primed rifle cartridge cas-

ABSTRACT

This invention relates to a method for preparing an earth stabilization fluid, a
method for using such an earth stabilization fluid and to the earth stabilization fluid
itself. This invention uses a continuous phase that has been added to a borehole and
a polymer material that forms gel masses having desired functional properties when

added to the continuous phase.

FIG. 5
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i t_&‘ g“; 34; (R
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"~ 45 the main seismc explosive charge and (b) ing constituting said wall
menber, in said a_percussion-initiatable primer device with- closing

rel ati onshi

devi ce sheiﬂaqjujﬂﬁENT
el ongated spejl, in-
~wal | nenber|d sﬁbéeﬂﬂhﬁﬂbss
end of saidlelongated shellji
fired. fionship therewt
assenbly actard: WhtbHeid S

75

. an ignittbn charge

at ed in the cartridge shel

sai d el ongated shell supported in

the primer

conpr|3|ng a cl osed
I sm c charge assenbly according .
ne to Caim 2, wherein said enpty prined 50
closing rela- rifle cartridge casing is rim
sei sm c charge

cluding a

ing to Caim

2, wherein said enpty prined 80 confinenent on said wall nenber so as
to rifle cartridge casing is center fired. be conpressed in response

t o percussion 5. A seismc charge assenbly according 55 applied to said
wal | nmenber _fromoutside to Claim 3 or 4, wherein said enpty sai d

el ongat ed shel | . and ignitable in re- prlned rifle cartridge casing is 0.22
cal i ber. sponse to conpression resulting fromsaid 6. A seismc
charge assenbly according 85 per cussion; a high -explosive as a base

to any one of the preceding clains, where- charge within said el ongated

shell and in said priner charge of the priner device

10 EARTH SUPPORT FLUID COMPOSITION

AND METHOD FOR ITS USE

This invention relates to fluids for use in boring ang

15 trenching operations in the foundation drilling industry,

the subterranean construction industry,

in well

drilling. More specifically, this invention relates to

earth support fluids, their composition, and techniques for

preparing, using, and maintaining them.
20

In creating foundations and shorings for buildings,

bridges and other structures and in

excavating and

subterranean boring for installation of utilities, barrier

walls, transit ways and drainage systems, fluids have been

25 used to support the surrounding earth during constfuction

operations. Whenever subterranean construction must be

accomplished in granular, unstable, water-saturated or

gas-charged soils, it has been customary to £ill the

boreholes, tunnel faces or excavations temporarily during

30 construction with water-based earth-support fluids, also

known as slurries or muds. These slurries have consisted

essentially of water, a thickening agent and earth solids

from the excavation.

35 . The conventionél'materials for making these slurries

are clays such as bentonite and attapulglte

r

re;ently, water-soluble polymers have beén ¢ 1ntroduced and

héedlin place of or in combination with such clays. The

most widely used type of water-soluble polymer in these



T Weopa3xros
1 288432 10 conprises a
conbi nation of a diazodinitro- dianmeter of from1.75 to 3 inches. phenol
wafer in direct open comunication 14. A seismc charge assenbly accord-
with said ignition charge, and of suffigiently ing to any one of the
precedi ng cl ai ns, 55 hi gh density toignite in response to direct
wherein the closed cartridge shell of the 5 contact with flanme from

ignition of. Mgid 8 ¥8 PraphRIePresentiAVoIALEbMpdridoR oP ii2hh BeiMAlized ip@fintekdn

charge, and a rmass of diazodini- exterior side portion for engaging an ex-
t r ophenolshéditfor D8 toaisccontictltin@f er and said ternal stop neans therefor
during travel of base charge, and of sufficiently |Iow density the

charge assenbly through a pasHaMARYSOF THEANVENTHDN i n response to
ignition of said containing such stop neans. 10 wafer. .

15. A sei sniltiscamebjectaefsthaipresent gyeption to ameliorgte oa¢ oFineore isaguantagesmf] y
according ing to Caim 14, wherein the protruding to any one of the
pr ecedi ngh%P’aPlh%r,t- includ- side portion conprises a ridge nenber ing a

delay fuse internediate said ignition nperipherally extendin bout sgaid
car (11 dge. 65 AccopFing fbuameat of ot pRpofusBien e dupityided nead tor B2
I ntegral p?%:ratratgoqlear%) fu’se of an earth stabilization fluid comprising: (a) adding an aqueous

based continuous phase into an earth cavity; (b‘) adding an anionic polyacrylamide co-
polymer having a charge density functionally effective to facilitate excavation of said
earth cavity, said polymer forming a plurality of transitory, deformable masses in said
continuous phase; and (c) excavating to enlarge said cavity while a portion of said

polymer is in a transitory partially-hydrated swollen state.

REPLACEMENT SHEET
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15 detonatlon of said se charge after per- 16. A seismc charge
assenbl y ac- ;ﬂ I Hf n of said ignition charge cording to
Claim 14 or L 8 A seism c charge assenbly according
said cartri dge shel'l is pr ovi cTe,d with engd to any one of the preceding
clainms, where- wall closure neans for enclosing at |east 70 in the
nitrocarbonitrate charge conprises a portion of the interior of said
shell, the 20 from75 to 95% by wei gOLAGMSone or nore prinmer device
extending into the cartridge i norgani ¢ oxidiser salts and at |east 5%
shel |t hr dugh A methed|fbr tHequepazatienarsl usetof an eatsh stabilightiorfluidrompeisinigt | ser .
operative contact with the_ main expl osive 9. A seismc charge assenbly
accor di ng@chaddjag apsmeerusdpsedsantigpeuspbassinfsapersth carsy; to Claim 8,

25 char ge (omPdiGe dnaatmme gg,g@crﬁ,g@gg&mpg{;%%gg&aogpa}ggggq%;gwg@f' Ry

v on S R o 5 S kel iy i
: . . 16,

\?A?\g(r_)(rai n tgﬁléqu %fggﬁa%ég%gsesq@?@?%@ﬁﬁuﬁﬁgﬁ%&?ofI ggalt(r)rs laltg1 7, nmeans

I s spaced/fro aﬁian‘,ﬁ e, t t rge
com tridgg ?ﬁ%ﬁg?%ém&g% esuvtlt?ﬁgm%i{e ﬁhg?lnﬁ'sgid Ses&?fﬁ%{@@&goﬁg‘%%
by wei ght pﬁ@alg.qgg%(p@pmdndﬁeshell end portion, and i s of noni um
nitrate, and as sensitiser com sufficient rigidity to support power

| npact 2. The method of claim 1 wherein said polymer is functionally effective to achieve

fluid loss control in said earth cavity.

3.  The method of claim 1 wherein said polymer is functionally effective to stabilize
the earth adjacent to the cavity.

4. The method of claim 1 wherein said polymer is functionally effective to enhance
the cohesion of earth solids to facilitate their removal from said cavity.

5. The method of claim 1 wherein said polymer is functionally effective to improve
the perimeter load transfer characteristics of structural elements formed in said earth
cavity.

6. The method of claim 1 wherein said polymer is added to said continuous phase
while in a solid, physical state.

7.  The method of claim 6 wherein said solid polymer particles range in size between
0.01 mm and 10.0 mm.

8.  The method of claim 7 wherein the majority by weight of said solid polymer
particles have a size between 0.10 mm and 2.5 mm.

9. The method of claim 1 wherein said polymer is composed of monomers selected
from the group comsisting of: acrylic acid, methacrylic acid, maleic acid, maleic
anhydride, fumaric acid, itaconic acid, acrylamide, methacrylamide, N-substituted

acrylamides, acrylonitrile, methyl acrylommle, vinyl and styrene sulfonic acid, vinyl

sig'
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ponéhf 5to t least one for ejection of the seismc
char ge assenb "m@ l! r ;el ected fromthe group consisting

through a passageway . oil, DNT solids and particul ate 18. A

seism c charge assenbly, sub- . alumni containing at least 5% of its
stantially as hereinbefore described, wt wei ght in flake form
reference to and as shown in Figure 4, or 11. A seismc charge

assenbl y @#€ewrd- 2rRicylamidd- Z}memlqdpn‘opmk tylifenit hesid Ormbghily1afitodk acid, Ny any
one of Clains 8 to 10, wherein Figures 2 and 3B of the accorrpanyl ng 40

t he amoniSgiblssalistherepts and combiriations thefeoflr awi ngs. ground prills.

19. A seismc charge assenbly, sub- 12. A seismc charge assenbly
accord- stantially as hereinbefore described, with ing to any one of the
preceding clains, reference to and as shown in Figures 5D 95 wherein the
nitrocarbonitrate charge also and 5E or Figures 5D and 5E as nodified 45
contains, as a separate fuel conponent, by either of Figures 5B and 5C, of

t he from 2 to 15% by weight of at |east one acconpanying draw ngs.
fuel selected fromthe group consisting of a fuel oil, ground coal and
gr anul ar HASELTI NE, LAKE & CO., al um ni um

Chartered Patent Agents, 50 13. A seismc charge assenbly accord-
28 Sout hanpt on Bui | di ngs,




ing to ‘any one of the preceding clains, Chancery Lane, London, WC2A 1AT
wherein the nitrocarbonitrate charge has a Agents for the
Applicants. Printed for Her Majesty's Stationery O fice by The Tweeddal e
Press Ltd.. Berw ck-upon-Tweed. 1971 Published at the Patent Ofice, 25
Sout hanpt on Bui |l di ngs, London WC2A 1AY from which copies
may be obtai ned. 30

EARTHE SUPPORT FLUID COMPOSITION

AND METHOD FOR ITS USE

ABSTRACT

This invention relates to 2z method for preparing and
earth stabilization fluid, a method for using such an earth
stabilization fluid and to the earth stabilization fluid
itself. This invention uses a continuous bhase'that has
been added to a borehole and a polymer material that forms
gel masses having desired functional properties when added

{- to the continuous phase.

Fig. 5
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