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ABSTRACT
An accurate determination of the intrinsic permeability k; is essential for characterizing
hydrocarbon production from shale. However, recent studies have reported unacceptable
discrepancies (up to several decades) between k; measurements obtained by different
laboratories. These discrepancies could be explained by:

I.  The diversity of experimental protocols, since no standards of measurement have

been clearly defined for poorly permeable samples.
ii.  The validity of interpretative models, which are rarely published.

Firstly, this paper presents the results of an experimental study comparing:
i.  Values of the intrinsic permeability k; from Step Decay (gas), Pulse Decay (gas)
and steady-state (both gas and liquid) tests

ii.  Values of the Klinkenberg coefficient b from Step Decay and steady-state tests

iii.  Values of the porosity ¢ from Step Decay and pycnometry tests.
On a homogeneous material principally composed of clay (pyrophyllite, 10 nD < k; < 60
nD), no matter which property is being measured (k;, b or ¢), different testing techniques
achieve similar results. Thus, our Step Decay method provides simultaneous and accurate
estimations of low porosities (¢ down to 2 %) and permeabilities (k; down to 10 nD).
Besides, the accurate prediction of gas flow behavior by the Step Decay and steady-state
interpretative models proves the relevance of the Darcy-Klinkenberg equation. In other
words, gas flows in tight rock can be described as viscous flows with slippage at pore
walls. To check these conclusions for reservoir rocks, the study was repeated on shale.

Secondly, we provide the results of a Round-robin test where Total and three commercial
laboratories performed unsteady-state and, when possible, steady-state measurements on
identical plugs of pyrophyllite. All laboratories chose their techniques and experimental
conditions but had to work on the whole plugs at a given effective pressure, to provide
estimations of k. Furthermore, no prior treatment was carried out on the plugs in order to
prevent any bias in the results due to preparation. The comparison of the collected series
of ki values reveals that the results agree in a satisfactory manner.

Thus, after showing the validity of the classical interpretative models through preliminary
studies on pyrophyllite and shales, the results of the round robin test emphasize the need
to properly define experimental procedures in order to provide a framework in which to
compare low permeability results produced by different laboratories.
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INTRODUCTION

Oil and gas shales have become over the past ten years a topic of real interest due to the
large amounts of hydrocarbons they could potentially produce. Their characterization is a
challenging task since these unconventional reservoirs have tight pore throats (a few tens
of nanometers) and low permeabilities (from microdarcies to nanodarcies). Consequently,
shales require careful identification of tractable and reliable methods to identify their one-
phase flow properties.

Steady-state techniques are the oldest and simplest ones. They allow the determination of
the intrinsic permeability k; and, when applied with gas at different mean pore pressures,
provide the Klinkenberg coefficient b in addition [1, 2]. Until recently, the principal
drawback of such methods lay in the time needed to achieve steady-state at each new
measuring point. The sample characterization used to be a long process, requiring several
hours or even days when the material was extremely tight. Alternative methods dedicated
to a faster analysis of ultra-low permeable porous media have been developed since the
early 50’s. Bruce et al. [3] were the first authors to propose in 1953 an unsteady-state
technique commonly referred to as “Pulse Decay”. This pioneering work gave birth to
numerous other studies on the technique, mainly aiming at deriving interpretative models
[4, 5, 6]. To summarize, in most of the studies, k, apparent permeability, or k; is estimated
separately from the porosity ¢ and, in rare cases, simultaneously with b. The Pulse Decay
technique is still widely used in the petroleum industry, either on core plugs or on drill
cuttings. This cheaper and faster option consisting in working on cuttings, known as “Gas
Research Institute (GRI) technique”, was first described by Luffel and Guidry in 1992
[7]. Even if unsteady-state methods relying on the application of a pulse of pressure are
popular, they are not the only methods enabling a rapid and accurate characterization of
low permeable rocks. Indeed, some oil and gas companies have made the choice to be
equipped with different in-house techniques such as the improved steady-state technique
proposed by IFPEN [2], the “Step Decay technique” [8] developed by Total or the “Pore
Pressure Oscillation technique” [9] adopted by Shell. The first technique allows a fast
estimation of k; with a liquid. The second one delivers k;, b and ¢ simultaneously using a
series of pulses of pressure to excite the plug while the last one provides k and ¢ (b too if
several tests are done) using a sinusoidal pressure wave.

All techniques presented in the previous paragraph involve interpretative models based
on the first assumption that Darcy’s law is still valid when modeling fluid flows in poorly
permeable porous media. The second assumption that Klinkenberg’s law [10] is valid too
is made when b is determined. However, many publications question these assumptions
since the Knudsen numbers typical of shales are out of the range of validity of the Darcy-
Klinkenberg law. Karniadakis and Beskok [11] and also Javadpour [12], who worked on
networks composed of micropores and nanopores respectively, rejected Darcy’s law and
suggested new formulations of the gas flow rate. Javadpour even derived an expression of
k depending not only on the material specificities but also on the fluid properties at given
values of temperature and pressure. In his approach, the notion of intrinsic permeability is
completely lost. Using Karniadakis and Beskok’s theory, Civan [13] found a relationship
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between k and k; applicable to the whole Knudsen number range. More recently, Fathi et
al. [14] have determined a similar relationship by theorizing the phenomenon of double
molecular slippage at the pore scale.

From these last studies, a natural question arises. Are interpretative models relying on the
Darcy-Klinkenberg law well-suited for shales? This is the first question this paper will try
to answer. The second question regards the great number of methods used in the industry
for routine measurements. Are the discrepancies between the results found on an identical
sample by different laboratories explained by the diversity of their interpretative models?
Indeed, several authors [15, 16] recently mentioned discrepancies between permeability
estimations up to several decades. The question remains whether this wide dispersion of
results is due to interpretation or to sample preparation.

STUDY
Three experimental studies were devised to answer the questions above. Study 1 aimed at
comparing the values of k;, b and ¢ estimated for homogeneous plugs of pyrophyllite with
common methods of the industry to those estimated with our Step Decay method. To be
more precise, the comparison was made between:
i.  The values of k; given by a Step Decay test, a Pulse Decay test, a steady-state test
with gas and a steady-state test with oil
ii.  The values of b given by a Step Decay test and a steady-state test with gas
iii.  The values of ¢ given by a Step Decay test and a pycnometry test.

The same approach was then applied in Study 2 to two shale plugs sourced from an actual
development target area, in order to check whether the results from the pyrophyllite study
could be corroborated by a similar study with reservoir rocks. Study 3 was a Round-robin
test involving three commercial laboratories and Total. Its goal was to identify the main
cause of the discrepancies often observed between the k; estimations found by different
laboratories for an identical sample.

Plugs

Study 1 was carried out on five plugs of pyrophyllite named Pyro 1, Pyro 2, Pyro 3, Pyro
4 and Pyro 5 respectively. Pyrophyllite is a homogeneous quarry rock sourced from the
United States. It is mostly composed of clay and consequently has a low permeability. All
plugs were successively subjected to Step Decay tests, Pulse Decay tests and steady-state
tests using gas and. Pyro 5, the least permeable of the five plugs, was also analysed with a
liquid at steady-state, at the end of the experiments with gas. No special treatment, such
as cleaning or drying, was performed on the pyrophyllite prior to the measurements with
gas, which were conducted therefore on plugs containing some water. Before starting the
steady-state experiment with liquid, Pyro 5 was saturated at 400 bar during two weeks,
after having created a vacuum over a period of four days. Pyro 1, Pyro 2, Pyro 3 and Pyro
4 were the four plugs sent to each of the three commercial laboratories selected for the
Round-robin test of the Study 3.
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The two shales involved in Study 2, Shale 1 and Shale 2 respectively, are of different
origins. Shale 1 comes from a wet gas well and Shale 2 from an oil well. Both samples
were subjected to all the gas tests in native state. Step Decay, Pulse Decay and steady-
state. No steady-state analysis with liquid was undertaken since the oil phase existing in
the plug would have probably moved with the flow. This would have led to an estimation
of k; that was not comparable with the results derived with gas.

A Mercury Injection Capillary Pressure (MICP) analysis was carried out on a fragment of
rock from the same block that provided Pyro 1. Figure 1, which shows the pore throat
size distribution from the MICP analysis, reveals that the most represented pore throat
radius in the material is around 20 nm. This result is in line with the range of pore radius
of 10 to 40 nm found by using the Density Functional Theory (DFT) method on a crushed
sample taken from the Pyro 1 block. Pores in shales are likewise characterized by radii of
several tens of nanometers.

Methods and Interpretative Models

The Pulse Decay technique [4] consists in applying a pulse of pressure on one face of the
plug and recording the differential pressure AP calculated from measurements taken at
both extremes of the plug. As shown on Figure 2, the plug is confined in a Hassler sleeve
core holder connected to two tanks. The pulse of pressure is prepared in the upstream
tank V, and released at the plug entrance by opening the valve v,. The recording of AP is
triggered simultaneously with the pulse emission. The downstream tank V; collects the
gas flowing out of the plug. All Pulse Decay experiments were conducted with the “Pulse
Decay Permeameter 2007, an automated device manufactured by Corelab, which works
with nitrogen and at high mean pore pressure P, to eliminate the Klinkenberg effect. P,
was initially stabilized at:

e Shale 1: 31 bar (450 psi)

e Plugs of pyrophyllite and Shale 2: 69 bar (1000 psi).

The gas flow from V; to V1, which are both around 20 cm?, is started by depressurizing
V1 until AP reaches 3 bar (40 psi). The effective pressure P, defined as the difference
between the confining pressure P. and Py, was:

e Plugs of pyrophyllite: 60 bar

e Shales: 100 bar.

The temperature was fixed at 20 °C for all our tests (unsteady-state and steady-state). The
interpretation of AP is based on Jones’ approach described in reference [5]. Jones devised
a method of calculating k; by using an approximate analytical solution of the Pulse Decay
problem that combines the traditional equations of fluid mechanics in porous materials
(including Darcy’s law) and excludes the Klinkenberg effect. The solution is an infinite
sum of exponentials decreasing over time. At long times, the first term predominates over
the other terms. As a consequence, the curve of the logarithm of AP evolves linearly over
time, allowing the derivation of k; from the slope.
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In the Step Decay technique [8], the plug is subjected to a series of pulses of pressure. In
terms of the device, the Step Decay differs from the Pulse Decay only by the existence of
an additional buffer tank Vy, located at the plug entrance, as represented in Figure 3. The
first pulse of pressure is prepared by filling Vo and V,, with nitrogen. Once the selected
pressure setpoint is reached, valve vy is closed to isolate V}, from V,. The pulse is then
emitted by opening vo. This operation triggers the simultaneous recording of upstream
and downstream pressures, Py and Py respectively. All pulses of pressure from the second
pulse are produced by pressurizing Vy, and are liberated by briefly opening v,. The pulse
pressures and waiting time intervals used for the Step Decay tests were the following:

e Plugs of pyrophyllite: 6 bar — 16 min / 10 bar — 30 min / 31 bar — 5 to 15 hours

e Shale 1: 3 bar—1 hour/5 bar — 1.5 hours /9 bar — 2 hours
e Shale 2: 6 bar — 15 min / 13 bar — 2 hours / 22 bar — 20 hours

For each plug, the same P was applied for both Pulse Decay and Step Decay tests. The
values of V; were of:

e Pyro 1, Pyro 2, Pyro 3 and Pyro 4: 8.43 cm?®
e Pyro 5, Shale 1 and Shale 2: 12.46 cm®,

In terms of the interpretation of the raw data, the Step Decay model assumes the validity
of the Darcy-Klinkenberg law, as do most Pulse Decay models found in existing studies
of experiments at low pore pressure. The Step Decay provides k;, b and ¢ by matching a
numerically simulated P; profile with the recorded P, data. Note that a particular strength
of the method resides in the fact that the Py profile acts as an input for the interpretation.
One consequence of that is the removal of V, from the series of parameters required for
the inversion. As a result, the interpretation is only concerned with the measurement of
V1. Regarding ¢, as evoked in reference [8], an increase in the sensitivity of P; to ¢ was
necessary to ensure its accurate estimation by history matching. This was achieved thanks
to the technique’s major strength resulting from the fact that Py is an input of the history
matching: the modulation of the excitation. By emitting successive pulses of pressure, the
phenomenon of gas accumulation occurring right after the pulse emission and creating
sensitivity to ¢ is generated several times, compared to only once in a Pulse Decay test.
The results from unsteady-state experiments were compared to the results from a steady-
state analysis carried out with nitrogen. In the case of Pyro 5, characterization at steady-
state was also repeated with Isopar L. Figure 4 shows a diagram of a typical steady-state
device. Regardless of the fluid used, one point of measurement was made by regulating
Po and recording at steady-state Py, P; and the volume flow rate Q,. For all tests involving
nitrogen, several points were taken at increasing mean pore pressures to derive k; and b
independently. For the test with Isopar L, only one point was needed to determine k. The
parameters chosen for the characterization with nitrogen were:

e Plugs of pyrophyllite: 40 bar < Py < 70 bar, P = Pym (atmospheric pressure), Pes

=60 bar
e Shale 1: 40 bar <P < 70 bar, P; = Pam, Pess = 100 bar

e Shale 2: 6 bar <Py <11 bar, P; = Pam, Pess = 100 bar.
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In the steady-state test with Isopar L on Pyro 5, Py was set at 80 bar, P; at 2 bar and Pess at
60 bar. The interpretation of the steady-state raw data recorded with nitrogen relies on:

k=k1(1+%> (1)

In this relationship presented first by Klinkenberg [10], k is calculated from Equation 2,
which was derived for an isothermal steady-state gas flow by integrating the differential
form of Darcy’s law including the Klinkenberg effect.
_ WL PQy
~ S P,AP

)

Note that p is the viscosity, L the length, S the cross-section area and P, the mean pore

pressure. According to Klinkenberg’s law, it appears that the separate estimation of k; and

b requires the plot of k versus 1/Py,. Indeed, this plot displays a linear behaviour with a

slope equal to ki*b and an intercept with the Y-axis equal to k. For the characterization

with Isopar L, the calculation of k is immediate with Darcy’s law:

uL Qv
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Across all tests carried out with gas on a given plug, P, varied approximately between 1

bar and 70 bar. For these extreme values of Py, the mean free path A defined by Equation
4 is in the range [1 nm - 94 nm].

_p |mRT 4
A=s | (4)
R is the ideal gas constant, T the absolute temperature and M the molecular mass. For
such a range of A and for pyrophyllite mean pore radius R, of 25 nm (10 nm < R, < 40
nm), the Knudsen number Kn derived from Equation 5 is between 0.04 and 3.8.

A

Kn = R_p (5)

Consequently, in pores having radii of a few tens of nanometers, either a slip flow regime
or a transition flow regime arises, depending on the level of pressure [17]. For the latter,
both Darcy’s law and Klinkenberg’s law are seriously put into question knowing that gas
molecules collide principally with pore walls and no longer with other molecules.

Round-Robin Test

After characterization, Pyro 1, Pyro2, Pyro 3 and Pyro 4 were sent successively to three
different commercial laboratories for a round Robin-test comprising unsteady-state and,
when possible, steady-state experiments. The specifications emphasized conducting them
with nitrogen, on the whole plugs (no crushing), by regulating P at 60 bar and without
carrying out any treatment on the plugs (cleaning or drying) in order to prevent any bias
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in the results due to preparation. The laboratories were free to choose their own methods
and experimental conditions (pressures, flow rates, temperature...).

Laboratory 1 performed unsteady-state tests with the Pulse Decay technique and steady-
state tests following a procedure similar to ours. The interpretation of the Pulse Decay
raw data relied on the methodology implemented in the Pulse Decay Permeameter 200,
except that the analytical solution was not Jones’ but Brace et al.’s [4]. The unsteady-
state measurements were started by increasing Py by a few bars (between 2.5 and 3.5 bar),
after the stabilization of P, between 15.5 and 18 bar. Vo and V; were of 58 cm® and 47
cm?® respectively. Estimations of k; were deduced from the tests. Each analysis at steady-
state involved several points of measurement to enable the separate identification of k
and b. The mean P, chosen for a given plug varied between a few bars (from 1.5 to 4 bar)
and 20 bar. Both types of test were carried out at a temperature of 24 °C.

Laboratory 2 delivered values of k; and b from unsteady-state experiments done with the
“Automated Permeameter - 68” manufactured by Coretest Systems. P, was initially set at
14 bar. Once equilibrium was achieved, the gas flow was started by opening vi. Hence,
P, was kept at P4y and Py, recorded in V, of 6 cm?®, was the only signal introduced in the
history matching procedure to obtain k; and b. The numerical model assumed as usual the
validity of Darcy’s law and Klinkenberg’s law. The temperature was of 20 °C.

Laboratory 3 provided estimations of k; from steady-state and unsteady-state analyses.
Steady-state tests relied on a unique point of measurement obtained by applying a similar
procedure to our own, P; and AP being of 6 bar and 5 bar respectively. The value of k
was then corrected with an unknown empirical correlation to derive k. Unsteady-state
tests used the Pulse Decay method. The plug was first pressurized at 40 bar and the pulse
of pressure was then prepared by increasing Py to 60 bar. Vo and V; were of 15 cm® and
13 cm?® respectively. The model, assumptions and procedure on which the interpretation
was based were not given. All tests were carried out at a temperature of 22 °C. At the
moment of writing the present paper, the results of Laboratory 3 were not available but
will be presented during the conference.

RESULTS AND DISCUSSION

Results of the Comparative Studies

Table 1 lists the results of all measurements conducted on the five plugs of pyrophyllite.
The estimations of ¢ given by the Step Decay method were compared to those provided
by pycnometers employing helium at low pressure. The subscripts “PD”, “SD”, “SSG”,
“SSO” and “Pyc” refer to: “Pulse Decay”, “Step Decay”, “Steady-State Gas”, “Steady-
State Oil” and “Pycnometry” respectively, in Table 1 as below. Moreover, the deviation
indicator D& quantifying the discrepancy between &; and &,, both estimations of € (= k;, b
or ¢), and used throughout the present development has been defined as:

A
DE=100 G )2 ©



SCA2015-021 8/12

For Pyro 1 to Pyro 5, Dk, derived for k; sp and k; pp is in the range [5 % - 17 %], against
[19 % - 40 %] when calculated for kjssg and k;pp. Consequently, the values of k; from
experiments performed with gas, i.e. ki pp, ki sp and k; sss, agree in a satisfactory manner.
As highlighted in Table 1, this agreement can be extended to estimations of k; from tests
carried out with gas and oil, at least for pyrophyllite. Indeed, in the case of Pyro 5, Dk
determined for k; sso and kj ssg is about 26 %. Regarding b and ¢, bsp compares well with
bssc as well as gsp with ¢pyc, Db ranging from 10 % to 43 % and D¢ from 0 % to 19 %.
Figure 5.a presents, for Pyro 1, the normalised difference (P rec - P1.sim) / P1rec Where Py rec
is the recorded profile Py and P; sim the profile Py simulated with the Step Decay model.
Similar graphs were obtained for Pyro 2 to Pyro 5. The signal is flat and centered on 0,
excepted during a period of less than half an hour right after the pulse emission. Figure 6
gives an example of k plotted against 1/Pn,. This graph results from the processing of the
steady-state raw data collected for Pyro 1. A similar linearity was observed for Pyro 2 to
Pyro 5.

Table 2 provides the results from the experiments conducted on Shale 1 and Shale 2. As
emphasized for pyrophyllite plugs, the same gas-based techniques used on shale plugs to
identify a given property, k; or b, lead to consistent estimates. Dk, is about 9 % for Shale
1 and about 19 % for Shale 2, when comparing k; ssg and the mean of k; sp and k pp, While
Db is about 21 % for Shale 1 and about 26 % for Shale 2. The estimations of ¢sp are not
available since the characterization of ¢ with the Step Decay technique is uncertain when
dealing with shales. The bias in ¢ is mainly due to the fact that one major assumption of
the Step Decay model, which is the homogeneity of the studied rock, is rarely respected
in the presence of shales. In the case where the rock is highly heterogeneous, it has been
proven with numerical simulations and practical tests that the method delivers an accurate
estimation of k;, an acceptable estimation of b and an unreliable estimation of ¢ [18].

Results of the Round Robin Test

Table 3 lists the values of k; obtained for Pyro 1, Pyro 2, Pyro 3 and Pyro 4 by Total and
by the two laboratories (Laboratory 1 and Laboratory 2) which participated in the Round-
robin test and could deliver their results in time for the writing of the paper. Estimations
of b were provided by some of the laboratories but are not reported here since focus was
primarily on the characterization of k;. Regarding the values of k; measured by Laboratory
1 and by Laboratory 2 for a given plug, those obtained at unsteady-state were compared
to k; sp while those obtained at steady-state were compared to k; ssc. Dk; ranges from 31 %
to 118 % at unsteady-state and from 9 % to 27 % at steady-state, leading to a maximum
discrepancy factor of 3.8. Therefore, the discrepancies noted here are much more modest
than the two decades reported in the literature [15].

Discussion

As demonstrated by the first series of comparative measurements performed on the plugs
of pyrophyllite, our in-house Step Decay method enables the simultaneous and accurate
estimation of k;, b and ¢, in the case of homogeneous and low permeable media. From the
tests on both pyrophyllite and shale plugs, it results that a satisfactory agreement between
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the estimations of k; found with different methods used in the industry can be achieved.
This conclusion is also applicable to estimations of k; determined by different laboratories
working with their own protocols and interpretative models, as highlighted by the Round-
robin test. Therefore, the discrepancies of several decades reported in references [15, 16]
and noted between values of k| derived for a same plug by different laboratories cannot be
explained by the diversity of the experimental conditions selected for the design and use
of the devices (pressures, flow rates, volumes...). Similarly, these discrepancies cannot be
justified by the diversity of the interpretative models and of their assumptions: negligible
¢, no Klinkenberg effect, constant gas compressibility... Consequently, the main cause of
divergence of the results delivered for an identical sample by several laboratories is likely
the sample preparation. This last conclusion is supported by reference [19] where Tinni et
al. evidence the great variability of k; according to the sample specificities when dealing
with cuttings. In addition, Darcy’s law and Klinkenberg’s law remain usable in the case
of nanoporous rocks, like pyrophyllite or shale. This is clearly proven by the linear
behavior observed in Figure 6. In Figure 5.b are shown the discrepancies at short times
between the recorded and simulated P; signals. They are due to the poor quality of the
recorded response P; and probably to the inability of the Darcy-Klinkenberg model to
predict the gas flow since the values of P, of a few bars at short times induce Knudsen
numbers higher than 0.1, i.e. out of the range of validity of the Darcy-Klinkenberg law.
However, despite the fact that the model is not well-adapted to predict the flow during a
short period, k;sp remains reliable and accurate. Thus, the need to revise classical fluid
mechanics when testing rocks of low permeability is not justified in the unsteady- and
steady-state ranges of P, considered in this paper.

CONCLUSION

Redundant estimations of k; can be determined for an identical poorly permeable plug, by
using different techniques of the industry. More precisely, steady-state and unsteady-state
methods applied with gas lead to results in excellent agreement on pyrophyllite and shale.
The convergence of the results from all measurements with gas and from a measurement
at steady-state with a liquid is true for pyrophyllite. The verification of this last point in
the case of shale is ongoing. Moreover, comparable estimations of k,; can be determined
by different laboratories working with their own techniques, experimental conditions and
interpretative procedures, provided that sample preparation is carefully defined. Knowing
the numerous difficulties tied to the characterization of cuttings, we recommend carrying
out permeability measurements on whole plugs as much as possible. Finally, Darcy’s law
and Klinkenberg’s law remain valid when modeling gas flows in nanoporous rocks such
as pyrophyllite and shale. In other words, gas flows in tight formations can be described
as viscous flows with slippage at pore walls.
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Table 1 : Results of the comparative measurements for the plugs of pyrophyllite
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Figure 5.b : Py ¢ and Py gim Signals at short times
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Plug k (nD) b (bar) & (%)
Kipp Ki.sp kisse kisso bsp bsse $sp b pye
Pyro 1 70 59 56 - 19.6 22.4 4.2 4.1
Pyro 2 35 33 24 - 24.0 26.6 3.8 3.5
Pyro 3 67 56 53 - 18.5 23.0 4.0 4.0
Pyro 4 51 46 42 - 20.2 24.6 3.7 3.5
Pyro 5 11 10 14 8 33.3 21.5 2.5 2.1
Table 2 : Results of the comparative measurements for the shales
Plug ki (nD) b (bar) ¢ (%)
Ki.pD Ki.so Kisse Ki.sso bsp bssc dsp & pye
Shale 1 2031 2222 2303 - 4.3 3.5 - 10.1
Shale 2 46 58 43 - 7.4 9.6 - 0.7
Table 3 : Results of the round robin test
Total | Laboratory 1 | Laboratory 2
Plug k; (nD)
Kipp Ki.sp Kissc Ki,sso Ko Kissc KD Kissc
Pyro 1 70 59 56 - 115 48 203 -
Pyro 2 35 33 24 - 45 22 127 -
Pyro 3 67 56 53 - 121 59 185 -
Pyro 4 51 46 42 - 78 55 104 -




