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Repeatability and Reproducibility in Effective Porosity Measurements of Rock Samples

Tae Jong Lee* and Sang Kyu Lee
Korea Institute of Geoscience and Mineral Resources (KIGAM)

o Th¥e 173 o, 9%, 2 W FEFFEL /I 859 PHATU thste] MBHo AU f1
B2 WFeT 20 WE WEY L AV PEGT B thrle] Jlenst #R3TE A nRE 9
apstalet. 8890 QAR thstel, AFeRE AT 21299 AHAF 1 on,

ol Fobe WIS 0RO So] FATTES THH ABHAT. F, B2 s 274e] @A o) |
5 AES Adiel B AY 202 Lold AN 7 33, Teln ARES] AES Askel A R

o% ofl k0
A Z
Z > o
J¥E o ::,

NI

Aol 54 2, 4, PA YElale 33 5 B NSl RETIES BT vlw AESIT TALE
AT BAATE 000 gom 0% Uehd s wEAs AQES BT RETFEY A%t B
20& FAsA B My AGolNE BFBA} 007% olel, AW 24 Fol +AVF sk AgHe 57
BoIAE 005% olsh2 BF B ke Ueniich. @Y A8 o3

s o
oo
=

e
U

Ny
o,
> e

)

oo i ox OhJ tole B
ofr
ﬂF
>
n° uﬂ
ruz
i)

T

o

)
9 o

SAHE dxE e ‘—HOH/H ZAHo] d5g AP BTk web, gAa
T & AP AN E ZTAEE Wb 1 torr A= IFE ARES
FAAFA R fHEEE FRFFENE 9T VIAAE =t 2%, 5,
FoL tf7] 2wk 29 2%, U 9 o] IS %01 A= AaE S
BT mEbA A9 fFRESES s A=y faie AEwe %’-?‘jﬂl—ee— g =

EFANTIAG o 2@t A skl Eo] dr WSl mE =57 vskE BAsielof
55 M=ol 7FeE Aol

F20{: FRIFE, WA, AP, E5 W, 2= ¥

o0
=
e
)
ol
ol
=2
N

>

> >

o il
il
oft
[0 mm >
24
:
¢

_El.
yo 12

o 1
-
X,
il
=
E

it

I 1o Jg o lo
~
o
o
¥
od d
BN
0
»°
1_,
of

o rf
g
o i
Jo iz
FDII
of{

|

Abstract: Repeatability and reproducibility in solid weight and effective porosity measurements have been discussed using
8 core samples with different diameters, lengths, rock types, and effective porosities. Further, the effect of temperature
on the effective porosity measurement has been discussed as well. Effective porosity of each sample has been measured
7 times with vacuum saturation method with vacuum pressure of 1 torr and vacuum time of 80 minutes. Firstly, effective
porosity of each sample is measured one by one, so that it can provide a reference value. Then for reproducibility check,
effective porosity measurements with vacuum saturation of 2, 4, and 8 samples simultaneously have been performed. And
finally, repeated measurements for 3 times for each sample are made for repeatability check. Average deviation from the
reference set in solid weight showed 0.00 g/cm’, which means perfect repeatability and reproducibility. For effective
porosity, average deviations are less than 0.07% and 0.05% in repeatability and reproducibility test sets, respectively,
which are in good agreement too. Most of porosities measured in reproducibility test lies within the deviation range in
repeatability test sets. Thus, simultaneous vacuum saturation of several samples has little impact on the effective porosity
measurement when high vacuum pressure of 1 torr is used. Air temperature can cause errors on submerged weight read
and even effective porosity, because it is closely related to the temperature, density, and buoyancy of water. Consequently,
for accurate measurement of effective porosity in a laboratory, efforts for maintaining air or water temperature constant
during the experiment, or a temperature correction from other information are needed.
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A71M, n: 285 (effective porosity)
V: AR 7153 (bulk volume)
V,: f235=2] 53] (pore volume)

M, TRAAZ S 3FA (saturated-surface-dry mass)

Table 1. Descriptions of rock samples used in this study.

Specimen Rock type diameter (mm)  Length (mm)
A trachyandesite 42.52 76.62
B trachyte 39.27 68.05
C trachyandesite 39.42 80.83
D shale 37.65 60.50
E biotite gneiss 29.43 80.15
F biotite schist 37.80 38.94
G biotite gneiss 37.85 56.37
H granite porphyry 29.29 80.90
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Fig. 1. Schematic diagram for wet-type vacuum saturation system
using modified cold trap.
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Fig. 2. Parallel type cold trap system (b) using modified cold trap
vessel (a) (Lee and Lee, 2012).
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Fig. 3. Monitoring of sample weight for 54 hours for saturated
sample A in a 105°C oven.

Table 2. Experiment order for 39 experiments of reference, reproducibility, and repeatability test sets.

Test Sets Samples A B ¢ D E F G H
Reference (SET1) 1 2 3 4 5 6 7 8
9 10 11 12
Reproducibility test (SET2) 13 14
15
16 19 22 25 28 31 34 37
Repeatability test (SET3) 17 20 23 26 29 32 35 38
18 21 24 27 30 33 36 39
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Table 3. Estimations of solid weights by monitoring weights while drying samples for 48 hours and their effects on porosity estimations.

Dry weight (g)

Dry weight difference (%) Effective porosity (%)*

Sample
P (a) Ms_48 (b) Ms 44 (c) Ms 48min  (d) Ms_asym (a-c)/ax 100 (b-a)/bx 100 (a-d)/ax 100 n 48 n asym % diff.
A 228.004 228.006 228.000 227.951 0.00 0.00 0.02 18.02 18.07 0.3
B 181.434 181.467 181.434 181.357 0.00 0.02 0.04 13.48 13.57 0.7
C 225931 225951 225931 226.017 0.00 0.01 —0.04 8.76 8.67 -1.0
D 181.441 181.454 181.439 181.387 0.00 0.01 0.03 3.37 3.45 2.4
E 142.968 142.972 142.967 142.973 0.00 0.00 —-0.00 2.90 2.89 -03
F 119.872 119.877 119.871 119.879 0.00 0.00 —-0.01 0.87 0.85 23
G 172.429 172.428 172.425 172.430 0.00 0.00 —0.00 0.52 0.52 0
H 142.561 142.560 142.558 142.553 0.00 0.00 0.01 0.35 0.36 29
(a) Ms_48: sample weight after 48 hours drying
(b) Ms_44: sample weight after 44 hours drying
(c) Ms_48min: minimum sample weight during 48 hours drying
(d) Ms_asym: solid weight estimated by curve fitting (Lee and Lee, 2010) from weight monitoring for 48 hours
*n_48, n_asym: Estimated effective porosities when Ms_48 and Ms_asym are used, respectively
20 20
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i — {5t - — 5
2nd 2nd
16 — ol 16 — o
Q12 — D 42 —
=1 =]
w w
171 7]
IS 2 1
S a
£ o £ o
= -
(8] Q
o - T -
= =
4 — 4 —
0 T JIIIIII| T T IIJIII| T T T TTTTT 0 T T IIIIII| T IIIIIII| T T T TTTIT
10 100 1000 10000 10 100 1000 10000
Time (sec) Time (sec)
() (b)

Fig. 4. Vacuum pressure changes in the vacuum oven for three times of vacuum saturation process; (a) sample A and (b) sample E. Note
that vacuum pressure drops rapidly down to 1 torr within 5 minutes (300 sec) for all the experiments.
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Table 4. Solid densities and effective porosities obtained from the repeatability tests (SET3).

33 7%

o
‘1‘5—7{12

HRE el 4
3 R5(G3)e) 29E Aololn] QA5 Y=l A

Solid density (g/cm®)

Effective porosity (%)

Sample Exp. Msub (g) Msat (g) Ms (g) ave. dev.
value average  ave. dev. value average (rel. ave. dev.)

16 141.227 247.340 228.123 2.63 18.11
A 17 141242 247,364 28122 263 263 0.00 18.13 18.10 (001'23/)
18 141.328 247247 28127 263 18.05 AT

19 110.223 192393 181,542 255 1321
B 20 110.208 192,432 181.562 2.54 255 0.00 1322 13.25 (003'(;3/)
21 110.337 192.485 181.541 255 1332 =1

» 137509 234352 225.979 255 8.65
C 23 137.601 234.479 25977 2.56 256 0.00 8.78 8.73 (006'2‘;’/)
. 0

2 137.659 234453 225.962 2.56 8.77

25 116.545 183.701 181.429 2.80 338
D 2 116,551 183.698 181.427 2.80 2.80 0.00 338 338 (00(')2?/)
. 0

27 116.584 183.699 181.431 2.80 338

28 90.666 144.566 142.886 274 312
E 29 90.732 144.620 142.885 2.74 274 0.00 32 32 (20622/)
30 90.730 144.647 142.862 2.74 331 o7

31 76.943 120256 119.864 2.79 0.90
F 3 76.960 120242 119.866 2.79 279 0.00 0.87 0.88 (1°ég%>)
. 0

33 76962 120,241 119.866 279 0.87

34 109.815 172.806 172432 275 0.59
G 35 109.817 172.815 172,444 275 275 0.00 0.59 0.60 (209'23/)
. 0

36 109.819 172.840 172,442 275 0.63

37 88.798 142751 142,556 265 036
H 38 88.829 142732 142,548 265 265 0.00 0.34 036 ( 402;2%/)
39 88.803 142762 142,551 265 039 0370
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Fig. 5. Vacuum pressure changes in the vacuum oven during the reproducibility tests; (a) including sample A and (b) including sample E.
Note that vacuum pressure drops rapidly down to 1 torr within 5 to 7 minutes for all the experiments.

Table 5. Solid densities and effective porosities obtained from the reproducibility tests (SET2).

Samples for Solid density (g/cm®) Effective porosity (%)
Sample  Exp. vacuum Msub (g)  Msat (g) Ms (g) ave. dev.
saturation value average ave. dev.  value  average (rel. ave. dev.)
9 AB 141.094 247.148 228.084 2.62 17.98
A 13 ABCD 141.211 247.254 228.079 2.63 2.62 0.00 18.08 18.04 (002'22‘/)
15 A~H 141.225 247.275 228.131 2.63 18.05 e
9 AB 110.212 192.473 181.519 2.55 13.32
B 13 ABCD 110.259 192.512 181.518 2.55 2.55 0.00 13.37 13.32 (002'?3/)
. 0
15 A~H 110.244 192.465 181.551 2.55 13.27
10 CD 137.466 234.411 225.960 2.55 8.72
C 13 ABCD 137.378 234.406 225.945 2.55 2.55 0.00 8.72 8.75 (00422‘/)
. 0
15 A~H 137.506 234.481 225.945 2.55 8.80
10 CD 116.494 183.706 181.443 2.79 337
D 13 ABCD 116.511 183.712 181.431 2.79 2.79 0.00 3.39 3.39 (0042(1,/)
8 0
15 A~H 116.548 183.716 181.428 2.80 341
11 EF 90.654 144.552 142.942 2.73 2.99
E 14 EFGH 90620 144502 142922 273 273 000 293  3.00 (107'23/)
. 0
15 A~H 90.644 144.558 142.898 2.73 3.08
11 EF 76.900 120.248 119.866 2.79 0.88
F 14 EFGH 76912 120.244 119.863 2.79 2.79 0.00 0.88 0.90 (202'(5)%/)
.. 0
15 A~H 76.936 120.261 119.860 2.79 0.93
12 GH 109.784 172.779 172.420 2.75 0.57
G 14 EFGH 109.772 172.781 172.417 2.75 2.75 0.00 0.58 0.59 (301'(;%/)
. 0
15 A~H 109.792 172.810 172.422 2.75 0.62
12 GH 88.777 142.757 142.555 2.65 0.37 0.0]
H 14 EFGH 88.758 142.752 142.551 2.65 2.65 0.00 0.37 0.38 2.07%)

15 A~H 88.781 142.760 142.549 2.65 0.39
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Fig. 6. Comparison of effective porosity differences between

reproducibility test and repeatability test for each sample.

Table 6. Comparison of average and relative average deviations of effective porosities.

repeatability test set

reproducibility test set

SET2 vs. average of SET3

Sample SET3 SET2
ave. dev. rel. ave. dev. ave. dev. rel. ave. dev. ave. dev. rel. ave. dev.
A 0.03 0.17 0.04 0.23 0.06 0.34
B 0.05 0.37 0.03 0.24 0.07 0.52
C 0.06 0.65 0.04 0.42 0.03 0.37
D 0.00 0.04 0.01 0.44 0.02 0.51
E 0.07 2.06 0.05 1.75 0.14 4.36
F 0.02 1.89 0.02 2.25 0.03 3.07
G 0.02 2.96 0.02 3.17 0.02 2.63
H 0.02 4.85 0.01 2.07 0.02 4.67
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