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Sapropel drilling muds show a high rate of decrease in the infiltration,
which have been tested to produce controlled blocking in productive
strata.

Advances in borehole management are particularly important in relation to surveying and
exploiting oil and gas deposits having adverse characteristics.

One promising method is controlled permeable-stratum blocking [1], and here sapropel
muds are important, as tests show that they can be used in drilling [2, 3] and in managing
productive strata [4].

The present results deal with sapropel systems and the blocking mechanism they produce
in porous media.

A UIPK-1M apparatus has been used under laboratory conditions to determine the blocking
capacity of a 4% sapropel suspension passing through rock specimens having known permeabili-
ties. All the tests were performed at 8 MPa on the cores, 20°C, and counterpressure 5 MPa.
The main difference from existing methods was that the conditions ensured that the infiltra-
tion was not accompanied by the formation of a crust [5], because there are substantial
differences in the static and dynamic infiltration.

Table 1 gives the core characteristics. The 4% suspension had p = 1.02 x 10% kg/m®, T =
40 sec, &3 = 2 em®, CHC ;o = 9/13 dPa, pH 9.38, 5, 16 mPa‘sec, and r, 93.9 dPa.

Table 2 shows that the infiltration rate drops sharply in the first 10 min and then .
tends to a limit. The instantaneous rate and the blocking were quite low for all the speci-
mens, which is wvery important for preventing deterioration in the collector behavior caused
by the solid in the drilling mud. The infiltration parameters are reduced by the sapropel
mud to an extent largely dependent on the initial permeability and to a smaller one on the
pressure difference.

The model was for an inhomogeneous system with a porous baffle [6], which is acceptable,
since laboratory conditions were involved and the model enables one to use standard laws.
There are some substantial differences between infiltration during exploitation and for the
drilling muds, so we compared the two only as regards the permeability variation.

There are the following forms of infiltration [6] as the permeability in the barrier
falls at constant pressure difference: a) complete pore blocking; b) gradual blocking; c¢)
intermediate; and d) with deposit formation.

Table 3 gives the linear equations for each of these forms.

The sapropel infiltration was evaluated by ES-1022 computer processing, which showed
that none of the standard linear equations applies. Figure 1 shows the relation between the
sapropel parameters for a specimen having permeability 237 &/m?. For the other specimens
whose characteristics are given in Table 1, we obtained analogous results, and further stud-
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TABLE 1. Core Characteristics

. Initial | jength |Infil- ; id- |Pore
Specimen |permeabil.| o im tration Por;s1ty'§gild space
Yo. K, ¢/m? ? area ? water |Volume

F, cm? o, % v, %

1 237 4,69 3,30 14 1,0 2,2

2 249 4,86 3,30 13 4,0 2,1

3 377 5,60 3,30 14 4,0 2,6

4 216 5,02 3,36 17 1,0 2,9

5 57 4,92 3,30 18 0,2 2,9

6 138 3,01 3,30 15 0,1 1,5

7 618 4,30 3,35 14 0,1 2,1

ies showed that Q/T = f(1/T) and W = £(1/T) exhibit linearity for the sapropel suspension.
Parts e and f of Fig. 1 show that the final parts of the graphs are straight lines that fit
the measurements very accurately (correlation coefficients close to one). The linearity
means that the relations can be taken as characteristic for the sapropel in a porous medium.

The fall in the infiltration rate in this sapropel system is approximated by

B
W=A4+ =
T (1)

Differentiating the characteristic linear equations readily gives analogous ones for the
major forms of infiltration (Table 4). Here the asymptotes coincide with the horizontal axis
W = 0, in contrast to (1), which has the nonzero horizontal asymptote W = A. Nevertheless, a
relation can be derived between (1) and the equations in Table 4, namely by parallel transfer
of the coordinates axes in accordance with Wy = W-A and T, = T. Then (1) gives W, = B/T;, so
the rate of fall in the infiltration rate is such that the sapropel is intermediate between
the intermediate type and the deposit formation one. The process combines characteristic
features of the two (Table 3), so the basic equation can be put as

AR _ ko,

dQ

An inverse coordinate transformation gives the variation in the infiltration rate as a
law with a nonzero horizontal asymptote, which means that the sapropel infiltration rate
rapidly becomes constant, so the infiltration does not cease, which is possible only if there
is dynamic equilibrium between the crusting and the disruption. This is confirmed by Fig. 2,
which shows the tendency to straight lines for Q = £(T) for sapropel entering various cores.

A stationary crust is formed by growth and simultaneous erosion, which is characteristic
of all drilling muds under dynamic conditions [7]. Sapropel muds favor stationary crusts
also in static conditions. Figure 3 shows the infiltration rates for 4% sapropel and 3%
Sarigyukh bentonite as functions of time under static conditions for permeability 237 &/m?.
The clay suspension shows a slower fall in the rate and the absence of a stationary crust.
The infiltration rates for clay muds are [7] described by

o
T3VT

in which ¢ is a constant.

The permeability fall with a clay mud is thus similar to infiltration with deposit
formation, whereas a sapropel mud shows a sharp fall in the rate and the formation of a
stationary crust in 10-12 min, so one suggests that the sapropel deposit has a low shear
stress.

The qualitative features can be processed [8, 9] and used with the permeability reduc-
tion mechanism related to clays [10] to describe the sapropel blocking.

The particles in the sapropel mud penetrate a little way and produce partial pore block-
ing; the sapropel material has a high blocking capacity and forms a largely impermeable film
at the boundary with the porous medium, which consists of organomineralic particles and
contains very thin capillaries, which pass only water, and this is the basis for the in-
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TABLE 2.

Infiltration of 4% Sapropel into Cores with Various

Permeabilities
: @y ~ LS} - :
~ 59 . o g . . Blocking
g | &'e | Ng | ofMe | H& | &' |4 & | factor
§ G (350 (a0 | age | gds | B30
g . [H8T 5038 §§1 g%7 gg% @aEa | hi1073 | Byel0-0
&2 |52 |55s |48 |REs |28 82 | 5858
l 0,194 27,1 1,800 0,259 0,188 0,97 0,970 0,100
2 0,191 116,1 0,422 0,175 0,279 2,33 1,400 0,660
3 0,145 220,7 0,222 0,143 0,342 3,82 2,300 1,500
4 0,228 53,0 0,925 0,407 0,120 1,30 0,527 0,130
5 0,852 69,5 0,705 0,339 0,144 2,15 0,169 0,200
6 0,214 31,4 1,156 0,214 0,229 0,93 1,070 0,147
7 0,068 659,5 0,071 0,079 0,599 5,42 8,780 8,400
R R
Note. k= —i—; b= —&
R; Rs
TABLE 3. Basic Equations and Characteristics for Various Forms
of Infiltration [6]
Infiltration type Basic equation i %?ggg;tsﬁzggn
dR =
With complete blocking 0 = By R V=4 +50Q
. . dR T
With gradual blocking W = RaR%/2? _é_ = A4, - BT
, dR i
Intermediate W = kgR - = Ay - ByT
With deposit formation AR b I _ 4, 4 B,Q
dQ 4 Q 4 70 4

Note: R resistance in infiltration in m™; Q filtered liquid
volume from unit area in m; W infiltration rate in m/sec; T
blocking time in min; and k;, 4;, Bi(i=1, ..., 4 empirical coeffi-
cients.
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Fig. 1.

Relationships between parameters for sapropel in-

filtrating through a porous specimen having initial permeabil-

ity k = 237 &/m?:

d)T/Q = £(Q); e) Q/T = £(1/T); £) W = £(1/T).
1MW, T/Q, sec'm™; Q, m; T, sec; 1/T, sec’i.

a) W= £(Q); b) T/Q = £(T); ¢) 1/W = £(T);
Q/T, W, m-sec™?;
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TABLE 4. W = £(T) for Various Forms of Infiltration

Infiltration type Dependence W= /(T)
With complete blocking W= Al-e"B‘T
. . WA
With gradual blocking = T4, + B.T)?
l .
Intermediate V= ———
As+B,T
. s . By
With deposit formation VW= —————
V A% 1 4B,T
a.mJ v A
A L[]
v A * [
v 4 .
a
yas ! o X,
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Fig. 2. Dependence of filtrate volume from unit area on time
for sapropel passing through porous specimens with various
initial permeabilities: 1) 237 &/m?; 2) 249; 3) 377; 4) 216;
5) 57; 6) 138; 7) 618. Q, m,

W-10° % %

-~
T

Fig. 3. 1Infiltration rates for 4% sapropel
(curve 1) and 3% Sarigyukh bentonite (curve
2) as functions of time under static condi-
tions for a specimen having initial per-
meability 237 &/m?.

filtration crust. The crusting is dependent on the infiltration rate, and there is always a
tendency for fresh crust to form, while part is removed by the moving liquid. Equilibrium
sets in when the formation and destruction rates are equal, after which the crust porosity
and permeability remain constant. The shear stress in the crust is quite small. Also, the
solid components in a sapropel mud decompose on acid treatment [4], so the sapropel crust can
readily be removed by ordinary methods for restoring stratal permeability.

These muds differ from clay ones as regards permeability reduction, as they show a high
rate of reduction in infiltration and form thin largely impermeable stationary crusts, so
they can be used effectively for controlled blocking.
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WALL GAS-DYNAMIC INHOMOGENEITY IN A FIXED GRANULAR BED

V. N. Korolev and N. I. Syromyatnikov® UDG 532.546

The porosity variation in a granular bed near a wall has been used to
calculate the gas profile there for spherical and other surface shapes.
Sectioning in a fixed bed affects the uniformity in the gas distribution.

When a granular material contacts a rigid wall bounding it or immersed in it, the random
structure becomes ordered to a depth of 3-5 times the particle diameter [1], which increases
the hydraulic radius r,, i.e., increases the gas transmission cross section. For a spherical-
particle bed, for which rp=ed/6(1—e)}, our data [1] on the local velocity distribution near a
wall give the mean value E% at 0.5d from the wall (Table 1) as 1.5 times that at the core.

The wall effect (increased speed) is related to ¢ = f({(x/d), as has been confirmed by
many measurements such as [2-4]. There are several ways of determining w = £(e¢, r), analyti-
cally, as this is described by the differential equation

dP ( d*w 1 dw )
= -+ — 2 ) —F(e w). 1
dz Ha \ dr? + r dr ) (L)

The [5] model gives the bed structure, in which the apparent viscosity p, for the in-
filtrating gas is considered as the same everywhere, apart from a thin layer near the wall
(thickness ~0.35d), where € = 1. It has been supposed [6, 7] that the porosity near the wall
varies exponentially:

& =gy [1 4 Cexp(l — 2x/d)], (2)

where C in (2) was [6] fitted to suit ¢,, while in [7], C = f(d). 1In [8], e = f(x/d) was ap-
proximated as a stepped function.

*Deceased.
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