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ABSTRACT

This report presents Posiva Oy's results of the rock mechanical monitoring programme from the
year 2004. Monitoring programme was established for long time monitoring of modifications in the
bedrock during the excavation of the ONKALO underground research facility stated in Olkiluoto
island. This is the first annual report where rock mechanical research work has being reported also
from the monitoring point of view. Rock mechanical research work consists of both GPS-
measurements and microseismic measurements carried out in Olkiluoto island. Both measurements
have been performed during several years even before monitoring programme was established. GPS
measurements have been carried out since 1995 and microseismic network has operated since 2002.
There have been no significant changes in observations when studying rock mechanical results from
the year 2004 and comparing them to results from the previous years. Therefore it can be said, that
so far ONKALDO has barely had any effect on rock mechanics in Olkiluoto.

Report has been composed from the annual reports of GPS measurements (Ahola et al., 2005, in
print) and microseismic network (Saari, 2005, in print). Sanna Riikonen has done editing.
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KALLIOMEKANIIKAN MONITOROINTITULOKSET VUODELTA 2004 OLKILUODOSSA.

TIIVISTELMA

Tassd raportissa esitetddn Posiva Oy:n kalliomekaanisen monitoroinnin tulokset vuodelta 2004.
Monitorointiohjelma on luotu ONKALON louhinnan kallioperaan aiheuttamien muutosten pitkaai-
kaista havainnointia varten. Vuosi 2004 on ensimmadinen, jolta kalliomekaanisen tutkimustoiminnan
tulokset raportoidaan erillisesti my®és monitorointiin liittyen. Monitoroinnin kalliomekaanisiin tut-
kimuksiin kuuluvat GPS-mittaukset ja mikroseismisen asemaverkon havaitsemat tapahtumat. Edella
mainittuja tutkimuksia on suoritettu jo ennen monitorointiohjelman alkamista. GPS-mittauksia Ol-
kiluodossa on tehty jo vuosikymmenen ajan ja seisminen asemaverkkokin on ollut toiminnassa jo
vuodesta 2002. Vuoden 2004 tuloksia tarkasteltaessa ei ole havaittu mitadn oleellisesti poikkeavaa
aikaisempiin vuosiin nahden, eli ONKALON louhinnan vaikutukset ovat Olkiluodon kalliomeka-
niikkaan olleet vahaiset.

Raportin on koonnut Sanna Riikonen GPS-mittausten (Ahola et al. 2005, in print) ja mikroseismi-
sen mittausverkon (Saari, 2005, in print) vuosiraporttien pohjalta.

Avainsanat: Kalliomekaaninen monitorointi, GPS-mittaukset, mikroseisminen asemaverkko
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PS6-GPS7 0.17| 0.06| 683009.05| 0.34 0.15| 0.05| 683009.14| 0.32
GPS6-GPS8 0.15| 0.06| 1157814.57| 0.36 0.13| 0.05 1157814.72| 0.31
GPS6-GPS9 0.08| 0.05| 1290279.36| 0.32 0.05| 0.04| 1290279.54| 0.24
GPS7-GPS8 | -0.08| 0.04| 511257.41| 0.26] -0.09| 0.04] 51125750 0.26
GPS7-GPS9 | -0.04| 0.03| 868575.82| 0.18] -0.06| 0.03] 868575.93] 0.15
GPS8-GPS9 | -0.24| 0.06| 1057916.20] 0.32] -0.27| 0.05| 1057916.32| 0.31

RMS: +0.06 +0.37 +0.06 +0.35

3.5.3 Results of stations GPS11, GPS12 and GPS13 in Olkiluoto

Three new pillars were established in Olkiluoto in 2003 (Ollikainen et al. 2004).
Stations GPS11, GPS12 and GPS13 (previously GPS10B) were measured once in 2003
and twice during 2004. Three measurements are not enough to perform any deformation
analysis. We need a time series at least a few years longer before we can give any
change rates for these baselines. The observed distances between the new stations and
the permanent GPS station in 2003 and 2004 are given in Table 3-6.

Table 3-6. The distances between the permanent GPS station (GPS1) and the new
stations in Olkiluoto.

Observed distances [m]

Baseline 11/2003 1/2004 11/2004
GPS1-GPS11 | 8478.2689 | 8478.2671 | 8478.2673
GPS1-GPS12 | 4817.8278 | 4817.8261 | 4817.8268
GPS1-GPS13 | 2407.0276 | 2407.0280 | 2407.0281

3.6 Electronic distance measurements (EDM) baseline in Olkiluoto

It has been concluded that GPS solutions may be significantly biased by scale errors
(Ollikainen and Kakkuri, 1999). This systematic scale error is mainly caused by errors
in ionosphere modeling. The scale error has varied from —0.4 to +0.4 ppm in Olkiluoto.
However, in the 2002 measurements in Romuvaara the error was as large as +1.8 ppm.

FGI and Posiva decided to establish a baseline for electronic distance measurements
(EDM), because of this scaling problem experienced in GPS observations. The baseline
was established between stations GPS7 and GPS8 in 2002.

The accuracy of high precision EDM is about +(0.2 mm + 0.2 ppm) (1-c). The
estimated accuracy of GPS is about +0.8 mm (1-c), obtained in the micro networks of
Posiva. According to these figures EDM is much more accurate than GPS when the
baselines are as short as they are in Olkiluoto. The measurement of the EDM baseline
takes place simultaneously with the GPS measurement. It is expected that the scale
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factor problem will be solved by deriving the uniform scale for the GPS observations
using the EDM results.

3.6.1 Electronic distance measurements

A Kern ME5000 mekometer is the most accurate EDM instrument suitable for
fieldwork. The mekometer of the Institute of Geodesy, Department of Surveying,
Helsinki University of Technology was used in the baseline measurements. FGI has
calibrated the mekometer on the Nummela Standard Baseline at least once a year and
the results are given in Certificates of Calibration of the National Standards Laboratory
of the Finnish Geodetic Institute (Table 3-7).

Table 3-7. Mekometer calibrations on Nummela Standard Baseline in 2004.

Year Date Certificate of
Calibration
2004 | August 3-4 14 / 2004
August 9-10 14 / 2004

The EDM baseline in Olkiluoto has been measured twice a year during both GPS
measurement campaigns since 2002. The first measurements in 2004 were performed on
4-5 April and the second measurements on 9-10 October. FGI monitored ten single
distances from both observation pillars three times during the campaigns, as they had
done also in the previous years (Figure 3-7).

Weather observations were made with calibrated instruments by the mekometer and the
reflector. Dry and wet temperatures have been measured with psychrometers and air
pressure with aneroids (Table 3-8).
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Figure 3-7. Kern ME5000 mekometer at pillar GPS8 during baseline observation in

April 2004. (Photograph J. Ahola 2004.)
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Table 3-8. The equipmentont the mekometer and reflector sites.

Equipment on the
mekometer site

Equipment on
the reflector site

Kern Mekometer ME5000

Kern prism reflector

Thies Clima psychrometer
Thommen Hoehenmesser aneroid

S/N 357094

S/N 6530 / 6540

S/N 164610

S/N 374414
S/N 6544 / 6527
S/N 126533
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3.6.2 Computation

The results of mekometer measurements depend on weather conditions. Therefore, the
computation strategy is to first compute velocity corrections according to the weather
conditions for the observed distances. The result is the mean of the corrected distances
with standard error. The computation and the formulae used were shown in Ollikainen
et al. 2004.

3.6.3 Results

The results of electronic distance measurements on the baseline GPS7-GPS8 are mean
values of observed distances after the first velocity corrections. These values with
standard errors (1-c) are shown in Table 3-9. In addition to the standard deviation, the
standard uncertainty includes errors caused by the centering and the adjustment of the
instruments (+ 0.1 mm), the calibration of the instruments (+0.1 mm) and the
determination of the refraction correction (+ 0.1 mm).

Table 3-9. The space distances between pillars GPS7-GPS8 measured by the GPS and
the Kern Mekometer ME5000. The mean of the GPS observations includes 18
measurement campaigns since 1995.

Measurement Distance Standard Total standard Certificate of
(mm) deviation (mm) uncertainty (mm) Calibration
Mean of GPS obs. | 511257.0 +0.6 - -

Apr 28 2002 511256.4 +0.3 +0.3 572002
Oct 12-13 2002 | 511255.7 +0.1 +0.2 9 /2002
Apr 26-27 2003 | 511256.1 +0.1 +0.2 572003
Oct 11-12 2003 | 511256.6 +0.1 +0.2 19/ 2003

Apr 4-5 2004 511256.5 +0.1 +0.3 19/ 2004

Oct 9-10 2004 511255.9 +0.1 +0.2 20/2004

The electronic distance measurements are traceable to the definition of the metre
through the Nummela Standard Baseline, which has been measured using the Vaisala
light interference method. The last interference measurement was performed in 1996
(Jokela and Poutanen, 1998). The last mekometer calibrations in Nummela have been
performed in 2004. The procedures meet the requirements of standards 1SO 9001 and
ISO 17025. The results are given also in Certificates of Calibration of the National
Standards Laboratory of the Finnish Geodetic Institute. Since 2003 the results have been
given with an extended uncertainty (2-c), which is two times the total standard
uncertainty.

A comparison of the EDM and GPS results is shown in Figure 3-8. Each EDM distance
is shorter than the GPS result from same campaign. On the basis of the three-year
period GPS produces between pillars GPS7 and GPS8 distances that are on average 0.7
mm longer than the distances produced by EDM. This is a scale difference of more than
1 ppm.

The results are promising, but more studies are needed before we can use the EDM
results in the scaling of the GPS observations. FGI will continue electronic distance
measurements simultaneously with GPS measurements.
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Figure 3-8. The GPS (boxes) and the EDM (dots) results. The error bars represent
standard deviation of GPS measurements and the total standard uncertainty of the
EDM results.

3.6.4 Reconnaissance of a new baseline

EDM baseline GPS7-GPS8 runs in south-north direction. The GPS scale (ionosphere
and troposphere errors) may be different in east-west direction. In order to study GPS
cale problems more closely, FGI tried to establish an east-west EDM baseline according
to a proposal made by STUK (Vermeer 2002). The baseline between pillars GPS7 and
GPS9 was investigated. Pillar GPS9 is located about 870 metres west of pillar GPS7.

S Ry

Figure 3-9. Visibility between pillars GPS7 and GPS9 was checked using RTKGPS
measurements. (Photograph T. Ahola 2004.)
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FGI measured the heights between pillars GPS9 and GPS7 in September 2004 using the
RTKGPS method (Figure 5-3). The measurements proved that visibility between the
pillars is not possible. The operating waste repository building stands on the baseline
and prevents EDM measurements on the GPS7-GPS9 baseline.

The only way to get an additional EDM baseline in east-west direction is to establish a
new observation pillar under the power line located about 500 metres west of pillar
GPS8.

3.7 Control markers in Olkiluoto

Each GPS pillar has two control markers. The benchmarks are founded in solid bedrock
near the station. Because the benchmarks are used to determine possible horizontal
displacements of the pillars, their ideal location is where the lines between the concrete
pillar and the markers intersect at an angle of 90 degrees. The distances between the
pillars and the control vary from 4.5 mto 12.5 m.

The Olkiluoto GPS network was expanded in 2003 by building three new GPS pillars.
In autumn 2004 control markers were established for pillars GPS11 and GPS13 (Figure
3-10). The benchmarks are stainless steel bolts with a 2 mm centering hole in the round
top part (Figure 3-11).
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Figures 3-10 and 3-11. The benchmarks were founded in solid bedrock. The markers
are stainless steel bolts with a 2 mm centering hole in the round top part. (Photographs
T. and J. Ahola 2004.)

More detailed information on control markers is available in the GPS measurement
report for 2004 (Ollikainen et al. 2005, in print).
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3.8 Summary

Eighteen GPS observation campaigns have been carried out in Olkiluoto since 1995 and
thirteen campaigns in Kivetty and Romuvaara since 1996. Two measurements were
performed in Olkiluoto in 2004.

The new Bernese version 5.0 was used for new GPS computations instead of version
4.0. The computation environment was also changed from UNIX to Windows. The
Finnish Geodetic Institute decided to compute the results of the year 2003 again with
the new software in order to ensure the compatibility of the versions. The differences in
results between different software versions are in the order of a few tenths of
millimetres, which can be considered acceptable. The compatibility of the different
software versions is so good that there is no need to re-process the whole series of the
GPS observations.

According to the GPS deformation analysis there are ten baselines in Olkiluoto, which
have statistically significant horizontal change rates at a confidence level of 95%.
However, each of these change rates is below + 0.3 mm/a. The change rates have
become smaller and smaller year after year when the time series has become longer and
the determination of the change rates has become more reliable.

Electronic distance measurements have been performed in Olkiluoto on baseline GPS7-
GPS8 using a mekometer since 2002. The measurements have been performed
simultaneously with GPS campaigns to improve the reliability of the GPS results. On
the basis of a three-year period the distance produced by GPS between pillars GPS7 and
GPS8 are on average 0.7 mm longer than the distances produced by EDM. This is a
scale difference of more than 1 ppm. The results are promising, but more studies are
needed before EDM results can be used in the scaling of GPS observations.

The distances and the angles between the stations and the control markers have been
measured in 2001 and 2004 in order to check the stability of the concrete pillars. The
small differences between the campaigns in 2001 and 2004 prove that the concrete
pillars have remained stable during the measurement period.
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4 PRECISE LEVELLING

No precise levelling measurements were carried out in the year 2004. The next
measuring campaign will be carried out in 2005.
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