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CORE DRILLING OF DEEP DRILLHOLE OL-KR49 AT OLKILUOTO IN
EURAJOKI 2008

ABSTRACT

As a part of the confirming site investigations at Olkiluoto, Suomen Malmi Oy (Smoy)
core drilled 1060.22 m deep drillhole with a diameter of 75.7 mm at Olkiluoto in June -
September 2008. The identification number of the drillhole is OL-KR49.

The drilling rig was computer controlled. A set of monitoring measurements and
samplings from the drilling and returning water was carried out during the drilling. Both
the volume and the electric conductivity of the returning and drilling waters were
recorded. The objective of these measurements was to obtain more information about
bedrock and groundwater properties. Sodium fluorescein was used as a label agent in the
drilling water. The total volume of the drilling, washing and flushing water used was
1685 m* and the volume of returning water was 1431 m°,

The deviation of the drillhole was measured with the deviation measuring instruments
EMS and Maxibor Il. Uniaxial compressive strength, Young’s Modulus and Poisson’s
ratio were measured from the core samples. The average uniaxial compressive strength is
128.8 MPa, the average Young’s Modulus is 54.4 GPa and the average Poisson’s ratio is
0.20.

The main rock types are diatexitic and veined gneisses, pegmatitic granite and tonalitic-
granodioritic-granitic gneiss. The average fracture frequency is 2.2 pcs/m and the average
RQD value is 95.8 %. In the drillhole, 43 fractured zones were penetrated.

Keywords: core drilling, drillhole, veined gneiss, diatexitic gneiss, tonalitic-granodioritic-
granitic gneiss, pegmatite granite, fracture, monitoring measurements, elastic parameters,
deviation surveys, Olkiluoto



REIAN OL-KR49 SYVAKAIRAUS EURAJOEN OLKILUODOSSA 2008

TIVISTELMA

Olkiluodon varmentaviin paikkatutkimuksiin liittyen Suomen Malmi Oy (Smoy) kairasi
kesd - syyskuun 2008 valisend aikana 1060,22 m syvéan reidan OL-KR49 Eurajoen
Olkiluodossa. Kairatulla reidlla hankittiin tietoa alueen itdosasta. Reidn halkaisija on
75,7 mm.

Tyossa kéytettiin automatisoitua mikroprosessoriohjattua kairauskonetta. Kairauksien
aikana suoritettiin tarkkailumittauksia lisdinformaation saamiseksi kallio-olosuhteista.
Mittauksia olivat veden sdhkodnjohtokyvyn mittaus ja huuhteluveden seka palautuvan
veden madrdn mittaus. Reidn kairaukseen, pesuun ja huuhteluun kaytettiin
natriumfluoresiinilla merkittyd huuhteluvettd noin 1685 m3. Tyon aikana vetta palautui
maaramittarin kautta noin 1431 m3. Reikien taipumat mitattiin EMS ja Maxibor Il -
laitteilla.

Kallionédytteistd madritettiin  yksiaksiaalinen puristusmurtolujuus, kimmomoduli ja
Poissonin luku. Yksiaksiaalinen puristusmurtolujuus oli keskimaarin 128,8 MPa,
kimmomoduli 54,4 GPa ja Poissonin luku 0,20.

Paakivilajeina esiintyvat diateksiittinen gneissi, pegmatiittinen graniitti, suonigneissi ja
tonaliitti-granodioriitti-graniittigneissi. Kallion rakoluku on reiéssa keskimaarin 2,2 kpl/m
ja RQD-luku on keskimé&arin 95,8 %. Rikkonaisuusvyohykkeité lavistettiin 43 kappaletta.

Avainsanat: kairaus, kairanreikd, suonigneissi, diateksiittinen gneissi, tonaliitti-
granodioriitti-graniittigneissi, pegmatiittigraniitti, rako, tarkkailumittaukset, muodon-
muutosominaisuudet, taipumamittaus, Olkiluoto
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1. INTRODUCTION

1.1 Background

Posiva Oy submitted an application to the Finnish Government in May 1999 for the
Decision in Principle to choose Olkiluoto in the municipality of Eurajoki as the site for the
final disposal facility for spent nuclear fuel. The Government made a positive decision at
the end of 2000. The Finnish Parliament ratified the decision in May 2001.

The policy decision makes it possible to concentrate the research activities at Olkiluoto in
Eurajoki. One part of the research is to build an underground rock characterisation facility
(called “ONKALO”). Construction of the access tunnel was started in autumn 2004.

In 2008, Posiva Oy contracted (order number 9277-08) Suomen Malmi Oy (Smoy) to drill
a new investigation drillhole in the area. In June - September 2008 drillhole OL-KR49
(1060.22 m) was core drilled. The aim of the new drillhole was to provide additional
information on the quality of bedrock.

The drillhole OL-KR49 is located in the eastern part of the Olkiluoto island, about 400 m
from the shoreline near the Olkiluodonjarvi bog. The azimuth of the drillhole is 11.5° and
the initial dip of the drillhole is 59.2° from the horizontal. The location of the drillhole is
shown in Figure 1. The diameter of the drillhole is 75.7 mm.

1.2 Scope of the work

The aim of the work was to drill an about 1060 m long drillhole to document the geology
and the ground conditions (continuity of the rock units, fractured zones and rock quality) in
the area. The 40.32 m precollar for the drillhole OL-KR49 was drilled with a down-the-
hole (DTH) percussion drill. To maximise the recovery of an undisturbed and continuous
core, triple tube coring technique was used. In addition to the drilling, work included core
logging, rock mechanical field-testing of the core, drilling fluid monitoring, flushing of the
drillhole, drillhole deviation surveys and reporting. This report documents the work and
sampling done during the drilling of the hole.
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Figure 1. Locations of the deep drillholes OL-KR1-OL-KR49 in the Olkiluoto area. The
drillhole OL-KR49 is shown in red colour.



2. DRILLING WORK AND TECHNICAL DETAILS OF THE DRILLHOLE

2.1 Diamond core drilling

The percussion drilling of the drillhole OL-KR49 (the wider upper part of the drillhole,
pre-collar) was done on the 22" of April in 2008. The drillhole is cased with a
& 194/184 mm diameter tube, which was drilled to the depth of 11.60 m. The thickness of
the overburden was about six metres. The drillhole section from 11.60 m to 40.32 m was
drilled with a 165 mm diameter DTH-hammer. This percussion drilled section of the
drillhole is cased with an acid-resistant stainless steel (Aisi 316) & 140/134 mm diameter
tube, which was grouted into the bedrock. The diamond drill rig was set up at the drilling
site on the 9" of June in 2008. Drilling commenced on the 19" of June. On the 10" of
September in 2008, drilling depth 1060.22 m was reached. After drilling the drillhole OL-
KR49 was left open for surveys. The realized time schedule of the work is shown in Figure
2. A summary of the technical details of the drillhole is presented in Appendix 8.22.

The drillhole was core drilled with a computer controlled hydraulic U8 drill rig. NQ3 -
triple tube core barrel and NQ -drill rods were used in drilling. Drillhole diameter with the
NQ3 -triple tube core barrel is 75.7 mm and drill core diameter is 50.2 mm.

The sample quality is better while drilling with triple tube core barrel than drilling with
conventional double tube core barrel. The cutting area of the diamond bit of the triple tube
core barrel is larger than that of the double tube core barrel. In the triple tube core barrel,
the third, innermost tube is of split type. The innermost split tube containing the sample is
removed from the core barrel with the aid of a piston working on water pressure. In this
way the sample can be removed from the core barrel as undisturbed as possible. This
advantage is especially noticed when drilling fractured rocks. In addition, soft fracture
fillings will be preserved much better. Furthermore, there is much less drill cuttings on the
core surface, in the breaks and on the fracture surfaces.
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Figure 16. Fracture orientation measurements from orientated core. The core alpha («)
angle is measured relatively to core axis. The core beta (f) angle is measured clockwise
relative to a reference line, looking downward the core axis in direction of drilling.
Figure modified from Rocscience Inc. Drillhole orientation data pairs, Dips (v. 5.102)
Help.

4.9 Core discing

Core discing was logged separately, and depth intervals, within which core discing occurs,
were documented. The number of breaks and core discs was logged. The geometry of the
top and bottom surfaces of the discs has been described separately using the following
classification:

- Concave

- Convex

- Planar

- Saddle

- Incomplete.

Core discing is found in drillcore in two places at depths between 644.84 — 653.57 metres.
In addition, at 970.50 — 970.75 m there is possible developing core discing (Appendix
8.21). Core discing occurs in massive quartz and pegmatite and forms about 30 cm long
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sections. Disc shape is mainly saddle formed or convex-concave, and there was also some
incomplete, developing discs that were not yet separated.
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5. ROCK MECHANICS

5.1 Therock quality

The rock quality was classified during the core logging using Barton’s Q-classification
(Rock Tunneling Quality Index; Barton, 1974 and Grimstad & Barton, 1993). The core
was divided into sections based on the Q-value, the lengths of which can vary from less
than a metre to several metres. In each section the rock quality is as homogenous as
possible. The roughness and alteration numbers are estimated for each fracture surface and
for each section the roughness and alteration numbers are calculated (average, median and
lower and higher quartiles) and the median value is used in the Q-quality calculations. The
roughness and alteration numbers are listed in the fracture table, Appendix 8.15.

Q-value is calculated by Equation 1 (Barton, 1974 and Grimstad & Barton, 1993):

RQD,J,, I,

J J. SRF
The RQD is defined as the cumulative length of core pieces longer than 10 cm in a run
divided by the total length of the core run. Closed fractures were also counted in the RQD
value. Some constant values were used in the calculations. All closed fractures were given
joint alteration (J;) number of 0.75. If the fracture interval of the relevant joint set was over
one metre, the value of 1 was given to J, (Table 8). If the fracture interval of the relevant
joint set was over three metres, value of 1 was added to J;and J, was given the value of 0.5.
For rock sections with no fractures, the value of 5 for J, and the value of 0.75 for J, were
used. In the calculations, joint water (J,,) and stress reduction factors (SRF) were assumed
as 1.

Q= 1)

n a

The core sample of OL-KR49 was divided to 194 units of variable lengths, the Q-values of
which were then calculated separately. The results of Q-classification are presented in
Appendix 8.20 and shown graphically in Figure 6. The rock quality of OL-KR49 is mainly
“good” (446.37 m, 43.8 %), “exceptionally good” (223.96 m, 22.0 %), “very good”
(147.05 m, 14.4 %), or “extremely good” (105.08 m, 10.4 %). Additionally, 89.91 m (8.8
%) of the core sample was classified as “fair” and 6.99 m (0.7 %) as “very poor”. The rock
quality of fractured zones is classified as “very poor” or “fair” but in some Rilll sections
and in one RilV-Rk3 section as “good”.
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Table 8. Description of RQD and joint set number J, (Grimstad & Barton 1993).

1. Rock Quality Designation RQD

A | Very poor 0-25

B |Poor 25-50

C | Fair 50-75

D | Good 75-90

E | Excellent 90-100
Mote: i) Where RQD is reported or measured as = 10 (including 0), a nominal

value of 10 is used to evaluate Q.
ii) RQD intervals of 5, i.e., 100, 95, 80, ete., are sufficiently accurate.

2. Joint Set Number Ja

Massive, no or few joints 0.5-1.0

One joint set

One joint set plus random joints

Two joint sets

Two joint sets plus random joints

L=l B A AN ]

Three joint sets

-
[ ]

Three joint sets plus random joints

I | 7mo|lOo|lo|E

Four or more joint sets, random, heavily jointed, 15
"sugar cube”, efc.

J | Crushed rock, earthlike 20

Note: i) For intersections, use (3.0 x J,)
ii) For portals, use 2.0 x J,)

5.2 Rock mechanical field tests on core samples

Rock strength and deformation properties were tested with a Rock Tester-equipment. The
device is meant for field-testing of rock cores to evaluate rock strength and deformation
parameters. The tested rock cores can be unprepared and the test itself is easy to perform.
From drillcore OL-KR49, samples for testing were taken about every 30 metres.

Young’s Modulus (E), Poisson’s ratio (v) and Modulus of Rupture (Smax Were measured
with a Bend (Figure 17) test in which the outer supports (L) were placed 190 mm apart and

the inner supports (U) 58 mm apart. Diameter of the core (D) was 50.2 mm.

The Young’s Modulus describes the stiffness of rock in the condition of isotropic elasticity.
This can be calculated based on Hooke’s reduced law (Equation 2).

E=— [Pa] (2
€

o = stress [Pa]
€, = axial strain
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The Poisson’s ratio is defined as the ratio of radial strain and axial strain (Equation 3).

v=—" 3)

g = radial strain
g, = axial strain

Values of Modulus of Rupture are read directly from the Bend test measurement.

The uniaxial compressive strength o of the rock was determined indirectly from the point
load test results. The point load tests were made according to the ISRM instructions (ISRM
1981 and ISRM 1985). The point load index lssp, Which is determined in the test, is
multiplied by 20 and the resulting value corresponds to the uniaxial compressive strength
(Pohjanpera et al. 2005).

U
g
| L>35D
D
T —_— T D<U<L3
| 3 |

Figure 17. Bend test. Radial and axial strain gauges glued on the core sample.

In the point load test, the load is increased until the core sample breaks (Figure 18) and the
point load index is calculated from the load required to break the sample. The test result is
valid only if the break surface goes through the load points. The point load number Is is
calculated from the Equation 4.
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l.=— [Pa] 4)

P = point load [N]
D = diameter of the core sample [mm]

The point load number is dependent on the diameter of the core sample and it is therefore
corrected to the point load index Isso (i.e. @ 50 mm diameter core) using Equations 5 and 6.
The index lsp is then correlated with the uniaxial compressive strength of the rock by
multiplying the index by a coefficient of 20. The result is not dependent on the sample size.

lo,=FxI, 5)

S50

D 0,45
- —(5) ©

Figure 18. Point load test.
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5.3  Strength and elastic properties

For testing the strength and elastic properties of the rock, samples were taken about every
30 metres, 34 samples in total. Sample should be one piece at least 0.30 m long without
any healed fractures or not remarkably microfractured. Of the samples, 16 are of veined
gneiss (VGN), ten of diatexitic gneiss (DGN), five of tonalite-granite-granodiorite-gneiss
(TGG) and one of pegmatitic granite (PGR), mica gneiss (MGN) and K-feldspar porphyry
(KFP) each. One bend test and two point load tests were done performed on each sample.

Differences in measurements are caused by variations in foliation intensity and grain size.
After the measurements, the following parameters were logged: angles of foliation versus
point load tests (Figure 19), rock type, foliation intensity and description of foliation. The
results of foliation measurements in the point-loaded samples, strength and elastic
properties and the results of the tests are shown in Appendix 8.19.

The mean uniaxial compressive strength of all samples is 128.8 MPa. The Young's
Modulus of all samples is, in average 54.4 GPa and the average Poisson’s ratio is 0.20.

Uniaxial compressive strength, Young’s Modulus and Modulus of Rupture versus depth
are shown in Figure 20.

E=" &

Figure 19. Measured angles of foliation versus point load test.
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Figure 20. Uniaxial compressive strength, Young’s modulus, and modulus of rupture
versus depth.
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6. SUMMARY

As a part of the complementary site investigations, Suomen Malmi Oy core drilled a
1060.22 m deep drillhole in the Olkiluoto area. The drillhole identification number is OL-
KR49. The drillhole was left open after drilling and measurements.

The drill rig was computer controlled. The core was drilled using a triple tube core barrel,
with a split inner sample tube. During the drilling, the electric conductivity and the volume
of drilling and returning water were monitored. The monitoring aimed at getting additional
information of the bedrock quality. In the drillhole, OL-KR49 the electric conductivity of
returning water varied from 16.9 to 136.8 mS/m.

The drilling water was marked with sodium fluorescein. During the drilling, washing and
flushing of OL-KR49, about 1685 m3 of water was used. The amount of returning water
from the drillhole was about 1431 m3. Finally, the drillhole was flushed by pumping about
86 md of water from the bottom of the drillhole.

The deviation of the drillhole OL-KR49 was measured with Reflex EMS- and Reflex
Maxibor Il deviation survey tools. According to the Maxibor Il -results the horizontal
deviation of the drillhole at the depth of 1050 metres is 101.14 m to the left and the vertical
deviation 169.49 m upwards in relation to the initial direction of the drillhole.

Uniaxial compressive strength, Young’s Modulus, and Poisson’s ratio were determined
from the core samples. The average uniaxial compressive strength is 128.8 MPa, Young’s
Modulus 54.4 GPa and Poisson’s ratio 0.20.

The main rock types intersected by the drillhole are migmatitic gneisses (veined gneiss and
diatexitic gneiss), tonalitic-granodioritic-granitic gneiss and pegmatitic granite. Short
sections of mica gneiss occur among the migmatitic gneisses. The rock samples are mostly
slightly weathered or unweathered.

Filled fracture is the most common fracture type. The average fracture frequency in
drillcore OL-KR49 is 2.2 fractures per metre. Mean RQD value of the drillcore OL-KR49
IS 95.8 %. During the drilling work, 495 slickensided fractures, 19 clay-filled fractures, 93
grain-filled fractures and nine open fractures, as well as 43 fractured zones were
intersected. 93.8 % of the drillcore was oriented.





