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Abstract. Recent studies conducted in the context of geological disposal of spent nuclear fuel in 

low-porosity crystalline bedrock have found density and porosity values obtained following the 

ISRM Suggested Method (ISRM 1977) to occasionally be sporadic. To investigate this 

behaviour, 137 core specimens of 5 different rock types (granite, granitic pegmatoid, veined 

gneiss, mica gneiss and sandstone) were submerged in water under NTP conditions and 

measured repeatedly until the observed saturated mass was constant within the accuracy of the 

measurement system. These specimens were then fully dried and subsequently saturated again, 

this time following the Suggested Method (1 hour in water at <800 Pa vacuum) and measured 

again for density and porosity. Density and porosity values observed following the ISRM 

Suggested Method were found to be systematically lower than values observed using immersion 

saturation. Specimens saturated following the ISRM Suggested Method reached on average 40 

– 60 % of the level of saturation reached with the immersion method. This resulted in significant 

differences in observed density and porosity values when compared to values observed after 

immersion saturation. Performance of the saturation method proposed in the ISRM Suggested 

Method should thus be studied in more detail and possibly re-evaluated. 

1.  Introduction 

Density and porosity are some of the most important physical properties of rocks and are necessary in 

e.g., the estimation of elastic properties or rock mass hydraulic conductivity. Increase in porosity and 

thus water content can have significant effects on the competency of rock mass, as well as its hydraulic 

transport properties [1, 2, 3, 4, 5, 6, 7]. Recent studies conducted in the context of geological disposal 

of spent nuclear fuel in low-porosity crystalline bedrock [8, 9, 10] have found density and porosity 

values obtained following the ISRM Suggested Methods for Determining Water Content, Porosity, 

Density, Absorption and Related Properties and Swelling and Slake-Durability Index Properties [11] to 

occasionally be sporadic. 

Differences in measurement results of density and porosity from the same specimens, using the same 

method (Archimedean method) between different laboratories resulted in investigations into the cause. 

It was revealed that saturation of the specimens for density and porosity determination were done 

differently: the Geological Survey of Finland used a long (14+ days) submersion in water under NTP 

conditions, whereas the Swedish Research Institutes RISE used the ISRM Suggested Method. This 
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resulted in a significant difference in the obtained saturation levels. Furthermore, repeat measurements 

using the ISRM Suggested Method yielded varying results for the same specimens. [8, 10] 

 

2.  Specimens and methods 

To further investigate this behaviour, a measurement campaign was designed to study the obtained 

saturation levels of various rock types using both the immersion saturation method and the ISRM 

Suggested Method [13]. For this study, a total of 137 core specimens were used. These were taken from 

4 locations and represented 5 rock types: 

 

• 18 pcs of homogeneous grey granite from Kuru, Finland 

• 15 pcs of relatively homogeneous granitic pegmatoid from Olkiluoto, Finland 

• 25 pcs of relatively homogeneous granitic pegmatoid from Kylylahti, Finland 

• 15 pcs of heterogeneous veined gneiss from Olkiluoto, Finland 

• 20 pcs of heterogeneous veined gneiss from Kylylahti, Finland 

• 19 pcs of relatively heterogeneous mica gneiss from Kylylahti, Finland 

• 25 pcs of homogeneous yellow sandstone from China, exact location unknown 

 

Kuru grey granite, granitic pegmatoids, veined gneisses and the mica gneiss are all very low porosity 

rock types (effective porosities < 0.5 %), whereas the Chinese yellow sandstone was used as a slightly 

higher porosity (2 – 4 %) reference. Kuru grey granite and the sandstone are very homogeneous, whereas 

the granitic pegmatoid, veined gneiss and mica gneiss represent the migmatite series from Olkiluoto and 

Kylylahti, with varying levels of homogeneity. 

These specimens were first oven dried at 95°C for 72 hours to remove any residual water and cooled 

down to room temperature in a sealed contained with silica crystals. They were then submerged in water 

under NTP conditions and measured repeatedly using the Archimedean method until the observed 

saturated mass was constant within the accuracy of the measurement system (±0.01 g) for three 

consecutive measurements. Depending on the specimen, this took on average between 7 and 14 days. 

The specimens were measured in batches and the total measurement time for each batch was determined 

based on the slowest specimen to reach constant mass, resulting in total measurement times of between 

28 and 48 days. Water temperature was monitored during the measurements and the effect of 

temperature on the density of water was compensated for following [12]. 

Next, the specimens were fully dried and subsequently saturated again, this time following the ISRM 

Suggested Method. They were immersed in water in a vacuum of <800 Pa for a period of at least 1 hour, 

with periodic agitation to remove air. After the saturation, the specimens were measured again for 

density and porosity using the Archimedean method and the same equipment as before. Finally, density 

and porosity values observed following the ISRM Suggested Method were compared to values observed 

using the immersion method for saturation.  

 

3.  Results 

Density and porosity values observed following the ISRM Suggested Method were found to be 

systematically lower than values observed after immersion saturation. Porosity difference was 

significant (up to 77 % smaller porosity values were observed) also when considering the low total 

porosity of the specimens and was even observed for the sandstone. Density values observed following 

the ISRM Suggested Method were found to be systematically smaller but roughly comparable for 

granitic pegmatoid, veined gneiss and mica gneiss. Density differences observed for Kuru grey granite 

and the sandstone were found to be statistically significant. 

Number of specimens, average density and average porosity values for each rock type, both for 

immersion method and the ISRM Suggested Method, are shown in Table 1. Time-development of the 

observed grain density and effective porosity in Kuru grey granite are shown in Figures 1 and 2, 
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respectively. On average, it was observed that the ISRM Suggested Method only reaches between 40 – 

60 % of the level of saturation reached with the immersion method and results in significant differences 

in the observed density and porosity values when compared to values observed using the immersion 

method. Comparison of observed porosities and grain densities are shown in Figure 3. 

 

 

Table 1. Number of specimens, average density and average porosity of each rock 

type measured with both methods. OL: Olkiluoto, KYL: Kylylahti, PRG: granitic 

pegmatoid, VGN: veined gneiss, MGN: mica gneiss, KURU: Kuru grey granite, 

SAND: Chinese yellow sandstone, IMM: immersion method, ISRM: ISRM 

Suggested Method. 

 N Density/IMM 

[kg/m3] 

Density/ISRM 

[kg/m3] 

Porosity/IMM 

[%] 

Porosity/ISRM 

[%] 

KURU 18 2640 2630 0.50 0.36 

OL-PGR 15 2660 2650 0.48 0.31 

KYL-PGR 25 2620 2610 0.41 0.28 

OL-VGN 15 2770 2770 0.69 0.43 

KYL-VGN 20 2770 2770 0.97 0.33 

KYL-MGN 19 2750 2740 0.41 0.16 

SAND 25 2670 2620 3.63 1.69 

 

 

 
Figure 1. Time-development of observed grain density for Kuru grey granite specimens 

during immersion saturation. Red crosses represent the values obtained using the ISRM 

Suggested Method. 
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Figure 2. Time-development of observed effective porosity for Kuru grey granite 

specimens during immersion saturation. Red crosses represent the values obtained using 

the ISRM Suggested Method. 

 

 

 
Figure 3. Comparison of grain densities (left) and effective porosities (right) observed with 

the immersion method (27 days saturation) and the ISRM Suggested Method. 
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4.  Conclusions 

Based on this study, the following observations were made: 

• Specimens saturated following the ISRM Suggested Method reached on average 40 – 60 % of 

the level of saturation reached with the immersion method. 

• This resulted in significant differences in observed density and porosity values when compared 

to values observed using the immersion method. 

• Observed density values following the ISRM Suggested Method were up to 73 % lower than 

densities observed using the immersion method. 

• Observed porosity values following the ISRM Suggested Method were up to 77 % lower than 

porosities observed using the immersion method. 

• The differences were found to be largest for the highest porosity rock type. 

• Performance of the saturation method proposed in the ISRM Suggested Method should be 

studied in more detail and possibly re-evaluated. 
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