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Objective of STSM
The Gas Hydrate Stability Zone in the Irish basins extends up to 784 m below the seafloor (Roy et al.,
2017). Two core plugs (within the theoretical GHSZ and various sediment types) were selected from the
eastern margin of the North Bróna Basin (slope between the Porcupine High and the Rockall Basin) for
the experiments to be done at GFZ. The results of these measurements could contribute to the better
understanding of NGH occurrences in the Irish offshore and to WG1 of the COST MIGRATE: “Resource
assessment”.
The Short Term Scientific Mission aimed to use the SEPP facility available at GFZ for conducting
experiments, for the study of:
a) effect of different ice saturation values and natural gas hydrate (NGH) formation on the resistivity
values and sonic velocity (Vp), which can later help us calculate the NGH saturation.
b) effect of grain size distribution and sediment microstructure of the two types of core samples on
the formation of NGHs.

Description of experimental setup – SEPP
SEPP consist basically of an autoclave with a heating/cooling jacked containing the sample setup. The
internal setup is mounted at the top closure of the autoclave containing the feedthroughs for confining
pressure oil, pore fluid in- and outlet, and the signal lines (Figure 1). The sand sample (30mm in diameter
and 60mm in length) is separated from the confining pressure oil due to a Viton jacked and the Hastelloy
end caps. The end caps contain the p- and s-wave transducers and are used as current electrodes. A
resistive length sensor is mounted between the end caps to record changes in sample length. To control the
sample temperature a Pt100 temperature sensor is attached to the Viton jacked. The fluid feedthroughs in
the end caps allow pumping the pore fluid through the sample, to apply a certain pore pressure or to
exchange the pore fluid. To simulate in situ pressure and temperature conditions the autoclave is
connected to a confining pressure syringe pump (ISCO 100DM) and to a thermostat (Huber K6s-CC-NR;
see Figure 1).

Method:
i)
ii)
iii)
iv)

Sample preparation: The edges of the cylindrical core plugs brought from UCD were not
parallel. So, we had to smoothen and make them parallel at a machine shop, in GFZ.
Porosity and pore volume determination was done following steps mentioned in the Appendix.
Mounting the sample onto the SEPP – please refer to Appendix and Figure.
Ice and hydrate formation: KCl solution was injected into the sample and then taken to sub-zero
temperature to form ice. The temperature controlled the amount of ice formation (Hall et al.,
1988). After ice formation methane gas was injected to remove the remaining water and system
was left for 36 hours for the free methane gas to interact with ice and form methane hydrates.
After hydrate formation, KCl solution was injected and kept at constant pore pressure for
recrystallization of hydrates to more pore filling morphology (Choi et al., 2014).

Figure 1: Schematic diagram of the experimental set up.

Results:
The following number codes were designated to the core plug samples at GFZ, before introducing them in
the SEPP.
011 & 012: PAD borehole 83/20 – sb01; Box 29/37; Depth 137.5 – 138 m
021 & 022: PAD borehole 83/20 – sb01; Box 20/37; Depth 112.73 – 113m
Two experiments were run parallel with samples 021 and 011. The details of the procedures followed in
these two experiments are detailed in Appendix.
Sample
code

011
012
021
022

Dry
mass
(g)
44.348
43.192
42.534
42.748

Submerged
mass (g)
28.042
27.25
27.184
27.378

Wet
mass
(g)
45.572
44.202
44.618
44.87

Wet
–
Dry
mass
(g)
1.224
1.01
2.084
2.122

Pore
volume
(cm3)
1.2264
1.0120
2.0881
2.1262

Sample
volume
(cm3)
17.5651
16.9859
17.4689
17.5270

Porosity
0.0698
0.0595
0.1195
0.1213

Sample
density
(g/cm3)

Matrix
Density
(g/cm3)

2.5247
2.5428
2.4348
2.4389

2.7142
2.7039
2.7654
2.7756

Table 1: Porosity and density calculation from Archimedean method of the four samples
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Figure 2: Sonic velocities (Vp) measured at various ice saturation levels for sample 021. The first half of
the experiment was conducted by saturating sample with 2% KCl saline water, and thereafter 6% KCl
saline water was injected, to obtain sonic velocity values corresponding to missing ice saturation levels.
However, we see that the sonic velocities measured with the later 6% KCl solution, does not fall in the
same trend as of the 2% KCl solution. This is probably due to the low permeability of the core sample,
which restricted complete replacement of the 2% KCl solution with the 6% KCl solution. The actual pore
fluid salinity very likely was between 2% and 6% KCl and the actual ice saturation was higher than
calculated.
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Figure 3: 2-electrode resistivity (values have been corrected for fluid resistivity corresponding to each
freezing point temperatures) measured at various ice saturation values for Sample 021.
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Figure 4: Sonic velocities (Vp) measured at various ice saturation levels for Sample 011. 6% KCl solution
was used for the whole extent of the experiment, unlike done for Sample 021. We observe an increase in
the Vp at 22% ice saturation, when methane injection was started. The injected methane pressure (40
Bars) was above the hydrate stability, which might have led to the formation of cementing hydrate with
the bound water in the core plug.
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Figure 5: 2-electrode resistivity (values have been corrected for fluid resistivity corresponding to each
freezing point temperatures) measured at various ice saturation values for Sample 011. Resistivity values
at lower ice saturation values are higher than Sample 021, which possibly attributes to the heterogeneity of
Sample 011 and coarse grains.
Increase in resistivity is observed, with injection of methane as free water is pushed out of the sample.
Further increase in resistivity is observed with hydrate formation. Later when KCl solution is injected,
resistivity value drops initially, and then while hydrate is formed, again, resistivity value increases. We

observed this trend in resistivity values while the experiment was running. However, after opening the
inlet and outlet valves (releasing the pressure inside the setup), we found relatively less methane gas in the
calibrated glass tube submerged in the water bath than expected – which indicates that only little hydrate
might have formed inside the sample.

Lessons learnt from the experiments conducted:
Sample 021:
The pore fluid pressure was very close to the hydrate phase boundary. We should have applied higher pore
fluid pressure, pushing the system deeper in the hydrate stability zone.
Sample 011:
There were traces of silica oil at the surface of the core plug sample. We are not sure if this oil was inside
the shrinkage tube jacket during the experiments or it leaked inside during removal of the sample core
plug from the setup.

Scope of future work:
Since methane hydrate did not form in the expected amounts during the two experiments using the core
plugs from the Irish basins, we would again like to try to do these experiments with core plugs with higher
porosity and permeability values, and also keep in mind the factors which might have hindered hydrate
formation.
Setting up a similar facility at the University College Dublin with the help of Dr. Erik Spangenberg’s
expertise, will result in collaboration with GFZ Potsdam; for experiments on formation and dissociation of
NGH in various sediment types.
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APPENDIX
Experimental Procedure:
(1) The edges of the cylindrical core plugs were not parallel. So, we had to smoothen and make them
parallel at a machine shop, in GFZ.
(2) Porosity measurements:
a. Thereafter, we dried the sample core plugs in a vacuum oven for one day.
b. We weighed the dried samples, and measured the dimensions of them (diameter and
length).
c. DI water was degassed in a glass bottle, which was later used to saturate the four sample
core plugs. We put all the samples in a clean glass laboratory desiccator, and created
vacuum inside the desiccator to a pressure of 2 mBars, with a help of a pump. Thereafter,
we poured the DI water carefully into the desiccator through a funnel fitted to a rubber
tube and a valve, while the pump was on. The pressure inside the desiccator raised up to
26 mBars (water vapor pressure) and was kept constant, until the samples were
submerged completely. The samples were left submerged for 48 hrs, in order to saturate
all the connected pore-spaces.
d. We determined the mass of the saturated samples and its buoyancy submerged in water,
and filled in the values in the excel sheet for porosity and density calculations.
(3) Sample preparation:
The diameter of the core plugs was smaller than 30mm which is the size of the top and bottom end
caps of the experimental setup. Hence shrinkage tubes were used to fill this gap. Two holes were
drilled in the shrinkage tube, over which thin silver plates (used as current electrode) soldered
with wires, were placed firmly using white teflon tape around the sample (Figure). Three
shrinkage tubes were used to fill the gap and seal the sample to the end caps.
The potential and current electrodes were connected, and the corresponding numbers at the top of
the setup were noted. Pt100 connections were also tested with multimeter for connection errors /
short-circuits. The endcap has the Vp, Vs and resistivity transducers.
(4) The sample was secured in the setup, and the whole thing lowered in the silica oil bath, and
screwed in. The three inlet/outlet valves were connected to: i) the syringe pump, ii) inlet for
methane / fluids, and iii) outlet for methane/ fluids. All the electrodes were connected, and the
Pt100 connection was secured.
(5) We ran the pump to evacuate the sample, even though the sample is low porous and permeable.
(6) After one day, we started injecting water (2% KCl solution) to saturate the sample, at a confining
pressure of 20 Bars and Temp 20 oC. This was done for 24 hrs. Fluid conductivity of the solution
was measured.
(7) Sonic wave first arrival, 2 & 4 electrode measurements were taken before and after water
saturation of the sample. Temperature was lowered using a ramp of 20 hrs to -8 oC (max ice
saturation with this KCl solution).
(8) Sonic wave first arrival, 2 & 4 electrode measurements were taken after one day. Then gradually
temp was increased step by step (lowering the ice saturation till approx. 20%). Continuous
logging of sonic velocity, 2 & 4 electrode measurements were done. At 20 % ice saturation, we
started the hydrate formation, which is done in the following 3 steps:
a. Phase 1: injection of methane at 10 bars at 20 % ice saturation: this pushes out the free
water from the sample. Outlet valve should be kept open. And once we see bubbles

coming out of the outlet tube, then we close the outlet valve. Gradual increase in
resistivity is observed.
b. Phase 2: injection of methane at 40 bars: this should lead to the formation of hydrate to
some extent. Resistivity increases further. We further increased the pore fluid pressure to
50/60 Bars, and also increased the confining pressure before that. Phase 3: Injecting KCl
solution at 40 Bar pressure. This should lead to further hydrate formation, and the
resistivity value should equilibrate.
(9) We leave the sample in this state for 3-4 days, until we the resistivity value equilibrates. Then we
release the pressure in the sample, and collect the dissociated gas in the calibrated glass tube
submerged in the water bath.

