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Determining weight concentration of clay in a sample of a
porous material, a water-soluble salt of a metal is selected that
enters in a selective ion exchange reaction with clay, with the
general formula R*M~, where a metal R is selected from the
group {Ba>*; Sr**; TI*; Rb* . .. }, M~ is selected from the
group {Cl,; NO,;; OHn; CH3COO, SO,; . . . } in accordance
with the table of solubility of inorganic substances in water.
Clay is marked by means of mixing the clay with a water
solution of the selected salt of the metal, residues of the salt of
the metal that have not interacted with the clay are removed.
X-ray fluorescent spectrometry of the marked clay and of the
sample is conducted and content of the metal in the marked
clay and natural content of the metal in the sample are deter-
mined. A water solution of the marked clay is pumped
through the sample, the sample is dried and X-ray fluorescent
spectrometry of the entire sample or of its individual seg-
ments is conducted. Content of the metal in the sample or in
each segment is determined and weight concentrations of
clay retained in the sample or in each of its segments are
determined.
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METHOD FOR MEASUREMENT OF WEIGHT
CONCENTRATION OF CLAY IN A SAMPLE
OF A POROUS MATERIAL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Russian Applica-
tion No. 1012137228 filed Sep. 3, 2012, which is incorpo-
rated herein by reference in its entirety.

FIELD

[0002] The subject disclosure relates to methods of non-
destructive testing of samples of porous materials, in particu-
lar, it may be used for quantitative examination of the dete-
rioration of properties of oil/gas containing formations
(“formation damage”) due to invasion, in the process of drill-
ing clayey materials contained in a drilling mud.

SUMMARY

[0003] The problem of formation damage under the impact
of drilling mud (or flushing liquid) is very important, espe-
cially for long horizontal wells, because most of them have
open-hole completions, i.e., without cemented and perforated
production casing.

[0004] Drilling muds are complex mixtures of clay, small
particles (with dimensions from several millimeters to less
than one micron) and organic additives (polymers, surfac-
tants, etc.) contained in a ‘carrier’ liquid—the ‘base’ of the
drilling mud being water, oil or some synthetic liquid.
[0005] In the process of drilling under the action of excess
pressure, drilling mud filtrate as well as small particles and
clay contained in it invade into the near-borehole zone of a
formation and cause a considerable decrease of its permeabil-
ity (for characterizing this phenomenon, the term ‘damage of
the near-borehole zone of formation’ or simply ‘formation
damage’ is used).

[0006] During the technological procedure of clean-out of
the well (by means of gradual putting on production), these
components are partly flowed back from the near-borehole
zone and its permeability is partly restored. Nonetheless, part
of these components remain retained in the pore space (ad-
sorption on pore surfaces, capture in pore channel bottle-
necks, etc.), that result in a considerable difference between
the initial permeability and the permeability restored after
performance of the technological procedure of clean-out (a
value of restored permeability usually does not exceed
50-70% of the initial one).

[0007] The generally accepted laboratory method for qual-
ity control of a drilling mud is the filtration experiment com-
prising injecting drilling mud into a core sample with subse-
quent back-pumping of it (i.e., displacement of the invaded
drilling mud with the initial formation fluid by injecting it
from the opposite end of the core sample), in the course of this
experiment the dynamics of deterioration/restoration of per-
meability is measured as a function of the number of injected
pore volumes of fluids (drilling mud or formation fluid).
[0008] However, the concentration of clay and other com-
ponents of a drilling mud retained in the pore space after
back-pumping is important information for understanding
the mechanism of formation damage and selecting an appro-
priate method for enhancement of productivity index of a well
(minimization of damage to the near-borehole zone of the
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formation). These parameters are not measured within the
framework of the above-mentioned procedure of quality
check of drilling mud.

[0009] Quantitative analysis of formation damage mecha-
nisms associated with invasion of clayey materials in the
process of drilling is of highest interest due to wide-spread
usage of drilling muds on clay base.

[0010] Weight concentration of clay penetrated into the
pore space in the course of impact of drilling mud is usually
low (does not exceed 1-1.5% by weight). Nonetheless, due to
a high swelling factor of clay and porosity, such low weight
concentration results in a considerable (5-20 times) reduction
of rock permeability.

[0011] The technical problem is associated with the diffi-
culty of measuring a low concentration of clay in a porous
medium, because X-ray diffraction analysis and X-ray com-
puter tomography do not provide sufficient resolution for
weight concentrations of a material<1%.

[0012] Clay has a low contrast to X-ray radiation and can-
not be resolved with the required accuracy.

[0013] InU.S. Pat. No. 4,540,882, as well as U.S. Pat. No.
5,027,379, methods are disclosed for determining invasion
depth of a drilling mud with the use of X-ray computer
tomography of a core with addition of a contrast agent. Uti-
lization of a contrast agent soluble in the ‘carrier fluid’ does
not make it possible to evaluate the depth of penetration and
concentration of clay and other low-contrast additives con-
tained in the drilling mud, because depth of invasion of drill-
ing mud filtrate and of the said additives in the general case
are different.

[0014] In U.S. Pat. No. 5,253,719, a method is suggested
for diagnosing formation damage by means of analyzing
radially oriented core samples taken from a well. Core
samples are analyzed with the use of a set of different ana-
Iytical methods for determining the type and the degree of
formation damage, as well as the depth of the damaged zone.
Among the analytical methods listed are X-ray diffraction
(XRD) analysis, scanning electronic microscopy (SEM),
back-scatter electronic microscopy, petrographic analysis,
and optical microscopy.

[0015] However, the methods listed in the above-men-
tioned patent are not applicable for measurement of a low
concentration of clay (weight concentration less than 1%).
[0016] The technical result achieved in realization of the
claimed invention includes providing for the possibility to
measure a low concentration of clay penetrated in the pore
space of a sample in the course of injection of a drilling mud.
[0017] In accordance with the claimed method for deter-
mining weight concentration of clay in a sample of a porous
medium, selected is a water-soluble salt of a metal that enters
into a selective ion exchange reaction with clay, with the
general formula R*M™, where a metal R™ is selected from the
group {Ba®*; Sr**; TI*; Rb* . .. }, M is selected from the
group {Cl,; NO,;; OHn; CH3COO, SO,; . . . } in accordance
with the table of solubility of inorganic substances in water.
Clay is marked by means of mixing the clay with a water
solution of the selected metal salt, then residues of the metal
salt that have not reacted with clay are removed. X-ray fluo-
rescent spectrometry of the marked clay and of the sample of
the porous material is conducted, and content of the metal in
the marked clay and natural content of the metal in the sample
are determined, respectively. Then a solution of clay with a
concentration is prepared by means of mixing the marked
clay with water, and the prepared water solution of the marked
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clay is pumped through a sample of a porous material. The
sample is dried, X-ray fluorescent spectrometry of the sample
of'the porous material is conducted again and a concentration
of'the metal in the sample is determined, and after that weight
concentration of clay in the sample of the porous material is
calculated as

_ =

ot =
et =M

where ny, is content of the metal in the sample of the porous
material after pumping through the sample of water solution
of the marked clay, m; is content of the metal in the marked
clay, m,, is natural content of the metal in the sample of the
porous material.

[0018] In other embodiments, a water-soluble salt of a
metal is selected entering into a selective ion exchange reac-
tion with clay, with the general formula R*M™, where a metal
R* is selected from the group {Ba®*; Sr**; TI*; Rb* ... }, M~
is selected from the group {Cl ; NO, ; OHn; CH3COO, SO,,;
... } in accordance with the table of solubility of inorganic
substances in water. Clay is marked by mixing the clay with
a water solution of the selected salt of the metal. Then, the
residues of the salt that have not interacted with the clay are
removed. X-ray fluorescent spectrometry of the marked clay
and of the sample of the selected porous medium is conducted
and content of the metal in the marked clay and natural
content of the metal in the sample are determined, respec-
tively. A solution of the marked clay with a concentration is
prepared by mixing the marked clay with water and the pre-
pared water solution of the marked clay is pumped through
the sample of the porous material. The sample is dried and
divided into at least two segments. X-ray fluorescent spec-
trometry of each segment is conducted, content of the metal in
each segment is determined and weight concentrations of
clay retained in each sample of the porous material are cal-
culated as

i 7]& —n
ey =
Net —Mn

where n_/ is weight concentration of the clay in the i* seg-
ment, 15’ is content of the metal in each segment, 1, is
content of the metal in the marked clay, n,, is natural content
of the metal in the sample of the porous material.

[0019] Residues of the salt of the metal that have not inter-
acted with the clay may be removed by pressing-out and
subsequent drying of the marked clay.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The subject disclosure is further described in the
detailed description which follows, in reference to the noted
plurality of drawings by way of non-limiting examples of the
subject disclosure, in which like reference numerals represent
similar parts throughout the several views of the drawings,
and wherein:

[0021] FIG. 1 depicts data of an X-ray computer tomogra-
phy presented for a water solution of original clay and for
water solution of clay mixed with water solution of selected
salts of metal (BaCl,).
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DETAILED DESCRIPTION

[0022] The particulars shown herein are by way of example
and for purposes of illustrative discussion of the examples of
the subject disclosure only and are presented in the cause of
providing what is believed to be the most useful and readily
understood description of the principles and conceptual
aspects of the subject disclosure. In this regard, no attempt is
made to show structural details in more detail than is neces-
sary, the description taken with the drawings making apparent
to those skilled in the art how the several forms of the subject
disclosure may be embodied in practice. Furthermore, like
reference numbers and designations in the various drawings
indicate like elements.

[0023] The method of measurement of weight concentra-
tion of clay in a porous material is implemented as follows.
[0024] Clay is preliminarily ‘marked’ by means of mixing
with a water solution of a salt of a special marker metal. For
marking of clay, a soluble salt of metal is selected that enters
into a selective ion exchange reaction with the clay under
investigation. As a result of an ion exchange reaction, ions of
the marker metal are accumulated on the clay, thus ‘marking’
it.

[0025] In the general form the formula for a water-soluble
salt of a metal can be written in the form: R*M~, where the
substances R* and M~ are selected in accordance with the
table of solubility of inorganic substances in water: R* is a
metal {Ba®*; Sr**; TI*; RB* . .. }; M~ is a substance {Cl,;
NO,,; OHn; CH3COO, SO,; . . . }.

[0026] Then by pressing-out and subsequent drying of the
marked clay (or by another possible method) residues of the
salt of the marker metal that have not interacted with the clay
are removed.

[0027] X-ray fluorescent spectrometry is conducted (in
accordance with the generally accepted technique, see, for

example, Bepxorogor A. Pentresocnexrpanbablii

AHAaIM3 : Bompocsl Tcopun W criocotnr  yaudukamm
Kuce, HayxoBa nymka 1984, 160 c. W A domun B.

yHHYECBA T, H. PeHTreﬁocneKTpanL}mﬁ/i

¢duyopecueHTHbIl aHATH3 TOPHBIX TOPOX W

MHIHEpanos . HosocuOupck : Hayka, 1977, 256 ¢ [Verkho-
vodov P. A. X-ray spectral analysis: Issues of theory and
methods of unification. Kiev: Naukova Dumka, 1984, 160 p.,
or Afonin V. P., Gunicheva T. N. X-ray spectral fluorescent
analysis or rocks and minerals. Nopvosibirsk: Nauka, 1977,
256 p.].) of the marked clay for measurement of content of the
metal 1),. X-ray fluorescent spectrometry of a representative
part of the initial sample of the porous material is conducted
for measurement of the natural content of the metal 1),,.
[0028] A solution ofthe marked clay with a concentration is
prepared by mixing the marked clay with water.

[0029] Pumping of a water solution of the marked clay
through the sample of the porous material is conducted and
after that X-ray fluorescent spectroscopy of a representative
part of the sample of the porous material is conducted for
determining content of the metal 1.

[0030] Weight concentration of the clay is determined in
accordance with the following formula:



US 2014/0065713 Al

-continued

[0031] This formula for calculating weight concentration
of the marked clay in the porous material follows from the
condition of additivity of an increase of concentration of the
marker metal in the sample of the porous material with an
increase of concentration (by mass) of the marked clay:

NMz=N,, M, MMy (6]

where m,, and 1, are mass of the metal and content of the
metal in the sample of the porous material before pumping-
through of the clay-containing solution; and m,_; and m_, are
mass of the metal and content of the metal in the marked clay;
my and My, are mass of the metal and content of the metal in
the sample of the porous material after pumping-through the
solution of the marked clay.

[0032] Combining the relationship (1) with the mass bal-
ance

M=+ Mo ()]

makes it possible to determine concentration of the clay n_, in
the sample with known n,,, ,; and M

N5 =M 3
w=2
e et =M e
Moy
Reg = —
ms
[0033] As an example, let us consider utilization of the

suggested method for calculating weight concentration of
clay retained in the pore space after the cycle direct pump-
ing—back pumping of a model drilling mud (1% water solu-
tion of bentonite clay) through a sample of a porous material.
[0034] Taking into consideration the composition of ben-
tonite clay Al,[Si,0,,](OH),.nH,0O and following the stan-
dard table of solubility of inorganic substances in water,
BaCl, was selected as the salt of the metal.

[0035] Water solution of the selected salt of the marker
metal was mixed with the original bentonite clay. By means of
pressing-out and subsequent drying of the marked clay,
removal of residues of the salt of the marker metal that has not
interacted with the clay was made. For illustration, FIG. 1
shows data of computer X-ray microtomography of a water
solution of the original (not marked) clay and of a water
solution of the marked clay (i.e., the clay that was subjected to
the ion exchange reaction with the salt BaCl,).

[0036] X-ray fluorescent spectrometry of the marked clay
was conducted for measuring content 1 ; of the marker metal
(Ba), as well as X-ray fluorescent spectrometry of a represen-
tative part of the sample of the porous material for measuring
the natural content 1,, of the marker metal (Ba).

[0037] A 1% water solution of the marked clay was pre-
pared by means of mixing the latter with water in the appro-
priate proportion.

[0038] A filtration experiment was conducted by pumping
1% water solution of the marked clay through the sample of
the porous material and subsequent back-pumping (i.e., dis-
placement of the penetrated clay solution (clay mud) with the
initial formation fluid by means of injection of it from the
opposite end of the core sample).
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[0039] The sample of the porous material was the divided
(by means of splitting, sawing, or other methods of cutting)
into four segments and consecutive numbering of the seg-
ments was made, starting from the end into which injection of
the 1% water solution of the marked clay was made.

[0040] X-ray fluorescent spectrometry of representative
parts of each segment of the sample of the porous material
was conducted for determining content 15’ of the marker
metal (Ba) in each i” segment (i=1, . . ., 4).

[0041] Using contents of the metal in the marked clay n_,,
in the initial sample of the porous material r),, measured at the
previous stages, and also in each i segment ;' of the sample
of'the porous medium after pumping of the 1% solution ofthe
marked clay and subsequent back-pumping, weight concen-
trations n_,’ of clay retained in each i segment of the sample
of the porous material were calculated by the formula similar
to Formula (3)

LT

n = —

T Net =

[0042] Knowing weight concentrations n_; aofclay in each
i”* segment and distance of this segment from the input end
(into which pumping of the 1% solution of the marked clay
was made), it is possible to obtain the distribution of weight
concentration of the clay retained in the pore space after the
filtration experiment.
1. A method for determining weight concentration of clay
in a sample of a porous material comprising:
selecting a water-soluble salt of a metal entering into a
selective ion exchange reaction with clay, with the gen-
eral formula R+M-, where a metal R+ is selected from
the group {Ba2+; Sr2+; Tl+; Rb+ . . . }, M- is selected
from the group Cln; NOn; OHn; CH3COO, SO,; ... } in
accordance with the table of solubility of inorganic sub-
stances in water;
marking clay by mixing the clay with a water solution of
the selected salt of the metal,
removing residues of the salt that have not interacted with
the clay;
performing X-ray fluorescent spectrometry of the marked
clay and the sample of the porous material and deter-
mining a content of the metal in the marked clay and a
natural content of the metal in the sample of the porous
material respectively;
preparing a solution of the marked clay of a concentration
by means of mixing the marked clay with water;
pumping the prepared water solution of the marked clay
through the sample of the porous material;
drying the sample;
performing X-ray fluorescent spectrometry of the sample
of the porous material and determining a content of the
metal in the sample; and
calculating weight concentration of clay in the porous

material as
N5 =1
n, =270
Fx] P

where My is the content of the metal in the sample of the
porous material after pumping into the sample of the
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water solution of the marked clay, ., is the content of the
metal in the marked clay, n,, is the natural content of the
metal in the sample of the porous material.

2. The method of claim 1, wherein the residues of the salt of
the metal that have not interacted with the clay are removed
by pressing-out and subsequent drying of the marked clay.

3. A method for determining weight concentration of clay
in a sample of a porous material comprising:

selecting a water-soluble salt of a metal entering into a

selective ion exchange reaction with clay, with the gen-
eral formula R*M~, where a R* metal is selected from
the group {Ba>*; Sr**; TI*; Rb*. .. }, M~ is selected from
the group {Cl ; NO _; OHn; CH3COO, SO,; . . . } in
accordance with the table of solubility of inorganic sub-
stances in water;

marking clay by mixing the clay with a water solution of

the selected salt of the metal;

removing residues of the salt of the metal that have not

interacted with the clay;

performing X-ray fluorescent spectroscopy of the marked

clay and the sample of the porous material and deter-
mining a content of the metal in the marked clay and a
natural content of the metal in the sample of the porous
material respectively;

preparing a solution of the marked clay with a concentra-

tion by mixing the marked clay with water;
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pumping the prepared water solution of the marked clay
through the sample of the porous material;

drying the sample;

dividing the sample into at least two segments;

performing X-ray fluorescent spectroscopy of each seg-
ment and determining a content of the metal in each
segment; and

calculating weight concentrations of clay retained in each
segment of the porous material as:

i 7]& —n

T Net =

where n_/ is the weight concentration of clay in the i
segment, |5’ is the content of the metal in the i segment,
7M. 18 the content of the metal in the marked clay, 1, is the
natural content of the metal in the sample of the porous
material.

4. The method of claim 3, wherein the residues of the salt of
the metal that have not interacted with the clay are removed
by means of pressing-out and subsequent drying of the
marked clay.



