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The irregularities of the permeability recovery process are even more pronounced for 
the low permeability Rotliengendes cores. The curves constructed by the PREDICTION 
program are not shown in Fig. 3 and 4 for reasons of clarity. Additional investigations 
are needed to explain the characteristic behaviour of these curves. 

In our opinion, the disturbances of the permeability recovery process are caused by 
the precipitation of salts and the drying effect of the gas. The average velocity of the 
gas fl ow is greater for Miocene sandstones than for Rotli engendes sandstones. This 
is caused by differences between the permeabilities of these sandstones. The rapid 
decrease of permeability at the core outfl ow face may be attributed to the cooling 
effect of gas expansion and the accompanying precipitation of salts. The laboratory 
experiments on the permeabili ty recovery process were continued in a second part of the 
project using alternative methods. 

4. Methods used in the second cycle of laboratory experiments 

Cores saturated with an aqueous solution of KC! ( concentration equal to 5, 15 and 
20%) were used in the second phase of laboratory experiments in order to restrict the 
number of factors which infl uence the permeability recovery process. The laboratory 
stand was modifi ed to improve the simulation of downhole conditions. The high 
pressure humidifi er was used to simulate the gas humidity. The gas was humidifi ed by 
passing it through a water-immersed coil pipe with holes drill ed in it. The hole diameters 
were chosen by the trial and error method. This gas humidifi er has improved 
the reli ability of measurements. Initiall y the experiments were unrealizable for salt 
concentrations approaching 35% by weight, due to core plugging by salt crystals and the 
complete blockage of gas fl ow. Sometimes, only some minutes were needed to observe 
the advent of this pore blocking effect (Fig. 5a-d). Actuall y, complete fl ow blockage 
was not observed for wet gas. 

The greater the gas velocity in the core, the greater the gas drying effect. The 
measurements were carried out using a low gas velocity, to avoid the removal of clay 
minerals and gas inertia effects (Core Lab l 997). 

It is beli eved that the temperature drop caused by the gas fl ow depends on the value of 
the Joule-Thompson coeffi cient (Dulinski et al. 1962; Siemek 1969; Kaleta et al. 1970): 

/h 

1-iT = T2 -T1 = f µ(p,T)dp 

Pi 

(1) 

where: 
T1-T2 - temperature within the core and the temperature at the core 

outfl ow face, 
- pressure within the core and the pressure at the core outfl ow face, 

- Joule- Thompson coeff icient. 
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A high gas pressure should be maintained during experiments, because the Joule­ 
-Thompson effect on temperature drop is negligible for high pressures. This was 
achieved by the installation of a back-pressure regulator at the core outflow face. 
The gas flow velocity is in inversely proportional to the average pressure within 
the core i.e.: 

(2) 

where: 
v1 - average gas velocity at pressure p1, 

v2 - average gas velocity at pressure p2. 

In the second cycle of investigations, high-pressure gas flow was used in tests Nos. 
20, 24, 26, 29, 33, 38 and 39 for a better simulation of downhole conditions. As 
mentioned before, the decrease of permeability and volume of precipitated salts were 
lower for the second group of experiments. Additionally, the permeabili ty recovery 
curves were smooth and convergent towards the steady state values. 

5. Result s of the second cycle exper iments 

The permeability recovery curves were smooth and convergent towards the steady 
state values (see Fig. 6, curves a-d). The initial permeabilities were within. the range 
8-400 mD. The images of cores used in experiments no 24, 25, 28 and 29 and the 
permeabili ty recovery curves are shown in figures 7 and 8 respectively. The cores 
denoted with subscript "W" are the cores before the gas flow test was made - they are 
shown for comparison proposes. The results of tests for cores saturated with 15% KC! 
solution are shown in Figs. 7 and 8 (note the crystals of salt at the core outflow face). The 
salt precipitation is particularly evident for cores nos. 20, 24, 26, 29, 33, 38 and 39. The 
permeabili ty recovery curves for these cores are not typical (see the upper portion of 
curve shown in Fig. 8). 

As shown in Fig. 8, the permeability increases at the beginning of the test, due to 
the removal of the salt water from the pore space. Next, the permeabili ty achieves 
a maximum value, (which stay constant for some time) and shows the sudden 
drop afterwards, due to the intense precipitation of salts. The ratio of final to initial 
permeabili ty is indicative of the permeability damage. The data on permeabili ty damage 
are shown in Table I. 

The permeability recovery curves for the second cycle of experiments ( cores no. 21, 
25, 27, 28, 32, 34 and 35) show a distinct increase of permeability at the beginning of the 
test and stabilisation afterwards (see the lower curve in Fig. 7). There are no visible 
traces of salt crystals at the outflow face of the core and the permeabil ity damage is 
generally lower. Fig. 9 shows that the number and the magnitude of the salt crystals 
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6. Final conclusions 
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