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Abstract

The MultiPurpose Test (MPT), currently underwayreg Aspé HRL, is a full-scale, demonstration of
the KBS-3H reference design. The test is condusiéitbut heating and includes the main KBS-3H
components in a partial deposition drift configioat The test installation was carried out accaydin
to the Drainage, Artificial Watering and air Evatiaa (DAWE) procedure and the system behaviour
is now being monitored through in-situ instrumeiotat Dismantling and post-mortem analysis will be
carried out at a later stage and the timing fos thill be dependent on the measured data. MPT
activities were started in 2011 as part of the KBSproject development (SKB 2012). The MPT is
also affiliated with the LucoeX project and is pafunded by the European Commission.

This report presents measurement data from théunrstrumentation in the MPT during the period
from December 7, 2013 to June 10, 2014. A tota@f sensors were installed in the MPT. The
pressure development is monitored as total pressutke rock (27 sensors), bentonite blocks (13
sensors) and plug (3 sensors). Additionally poresgure is measured in the rock (27 sensors) and
bentonite blocks (23 sensors). The saturation gcefollowed by measuring the relative humidity
(34 sensors), suction (32 sensors) and volumetaitemcontent (13 sensors). The movements of the
components are determined with extensometers (h80s® and inclinometers (6 sensors). The
outflow through the plug is measured with a flowenebutside the drift. The strains on the
Supercontainer and the plug are measured witsgiaiges (8 on the Supercontainer and 24 on the
plug). A set of three gas pressure sensors werearadtalled.

Some of the sensors (33) were fitted to transnair thignals wirelessly. Seven transmitters and two

receivers were installed for this purpose. Wirelgggal transmission is a novel technique in nuclea
waste management and its development is advandad MPT.
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1. INTRODUCTION

1.1 General

The common goal of SKB and Posiva is disposal @nsmuclear fuel from Swedish and Finnish
nuclear power plants at depth in crystalline bekirtic ensure the safety of human beings and the
environment for long periods of time. The methotested for the final repository is the KBS-3
method (Figure 1-1).

The reference design is KBS-3V employing verticpdsal of the waste canisters. Horizontal
disposal of the canisters, KBS-3H, is a possibterahtive which is being examined by the two
organisations. SKB’s and Posiva’s current prograsnfoe KBS-3 are detailed in SKB’s RD&D
Programme (SKB 2013) and in Posiva’s TKS-2009 (Ro2010).

The Multi Purpose Test (MPT), currently underwaytest Aspd HRL, is a full-scale, demonstration of
the KBS-3H reference design carried out at -220 frhe test is conducted without heating and
includes the main KBS-3H components in a partiglodéion drift configuration (Figure 1-2). The test
installation was carried out according to the Dagm, Artificial Watering and air Evacuation (DAWE,
see chapter 1.2) procedure and the system behaisomow being monitored through in-situ
instrumentation. Dismantling and post-mortem anslysll be carried out at a later stage and the
timing for this will be dependent on the measurathd

MPT activities were started in 2011 as part of Ki&S-3H project development (SKB 2012). The
MPT is also affiliated with the LucoeX project aisdoartly funded by the European Commission.

Figure 1-1.Schematic illustration of the KBS-3 method withthtge barriers: the canister, the buffer
and the rock. The vertical reference design istHated to the left and the horizontal alternatioehe
right.
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Figure 1-2.The main KBS-3H components (Supercontainer, disthlacks and a compartment plug
with transition zone) as configured in the Multilpose Test.

The initial conditions of the bentonite componeuged in the MPT are described in Table 1-1 (D4;01

Johanesson, 2014).

Table 1-1.Initial conditions of the bentonite components.

Type Bulk density Water content Degree of Dry density
(kg/m?) (%) saturation (%) (kg/m?)
Distance/Transition blocks 2071 20.6 92.4 1718
SC ring blocks 2106 11.0 65.6 1898
SC end blocks 2 069 17.2 83.2 1766
Pellet filling 1000 21.0 32.8 826
1.2 Purpose and scope of this report

The objective of the MPT instrumentation is to sttige buffer and filling component behavior during
the early evolution of the system.Displacementdeweontent, pore and total pressure and swelling
pressures at the rock and plug interfaces are meghsu

This report presents the MPT instrumentation schantethe associated set of initial data. This data
set corresponds to the time period from the Decenmhe2013 at 08:30 (initiation of DAWE
procedures) to June 10, 2014 at 23:50. At 14:50ecember 7, 2013, increasing pressure due to the
DAWE filling was observed and a maximum pressurg23% kPa was reached at 15:15 after which the
filling was stopped.

Practical details of the sensor and componentliastan procedures were reported previously (D4:03,
Kronberg, 2015).
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2 GEOMETRY AND COORDINATE SYSTEM

Given that the Supercontainer, distance and tiandilocks are assembled in a facility above ground
and installed as full components (packages), the@ecoordinates cannot be measured when installed
in their final location. Instead, the position bketcomponent is measured and the sensor coordinates
calculated based on the measurement and the dawhaigling to the complexity is that the sections
are mirrored when comparing the above ground senstallation with the below ground installed
component, i.e., when looking at a sensor beingliesl to the left side on top of a bentonite blatk

the assembly facility that sensor will eventually Ibcated to the right inside the drift (when lowki

from the outside and into the drift).

The MPT instrumentation was set up according tociding system presented in chapter 2.1 with
regard to the onsite Data Acquisition System (DA30m this standpoint the center of the plug collar
is regarded as the zero position.

Data from the DAS is fed into SKB’s SICADA databassder a different coding system, which is
described in chapter 2.2. For this purpose the @nid is considered to be position zero.

2.1 Data Acquisition System (DAS)
The frame of reference for the positions of thessesiin the MPT is indicated in Figure 2-1.

Rock

Plug

" TestArea
A}

"\ Testarea ‘
AT
T
V-
‘ i
o

Figure 2-1. Frame of reference for MPT rock sensors (left) &mragne of reference for MPT block
sensors (right).

Three coordinates are used to identify specifictjpos in the drift:
r= radial distance (mm) from the center of thesseno the drift axis

a= Clockwise angle (degrees) from the drift axistfe rock sensors and counterclockwise angle
from the drift axis for the blocks sensors, relatio the vertical diameter of the drift

d= distance (mm) from the origin of the test af&dle of the plug collar) towards the rear of
the drift

This is a relative coordinate system referencethéodrift axis with origin in the plug. The absaut
(topographic) coordinate system is given by thetjpssof the drift in the Asp6 HRL.

It should be noted that the total pressure serisdoentonite blocks coded as 0990 do not follow the
reference coordinate system described above. T$usmtinuity results from two of the total pressure
sensors being moved to the plug after it was decibdat more information about the pressure on the
plug would be necessary. It was not possible tahmase new total pressure sensors because the
delivery time did not fit with the schedule of ttesst.
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Coding system

The sensors are identified according to the folf@adode:

SS-DDDD-N where:

SS refers to sensor type (see Table 2-1)
DDDD refers to the position at which the sensanstalled (depth in cm from the center of the

plug collar)

N refers to sensor ordering and is only necessaases where several sensors of the same
type are installed in the same zone and at the shpth. Sensor ordering starts by 1 and
increases with the radius r. For the same radiuagcieases with the value of anglgaking

into account that the view is from the drift fradotvards the drift entrance.

Table 2-1.Codes for types of sensors.

Code

Sensor

TP

Total pressure

PP

Pore pressure

wC

Water content capacitive

WP

Water content psychometric

WF

Water content soil moisture

DS

Displacement Supercontain

DB

Displacement bentonite

DC

Displacement collar

IS

Inclination Supercontainer

IB

Inclination bentonite

SG

Strain Gauge

GP

Gas Pressure

FM

Flow Meter
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2.2 SICADA

SICADA is SKB’s main database, and the associabgification for the MPT sensors is as follows:

P XK DDD S N where:
- P refers to object point
XK refers to KBS-3H experiment
DDD refers to position at which the sensor is ilsta(depth in dm from the drift front)
S refers to type of sensor (see Table 2.2)
N refers to sensor ordering

Table 2-2.Codes for types of sensors in SICADA codification.

Code Sensor
T Total pressure
U Pore pressure

Water content

W . .
capacitive/psychrometric
D Displacement
Supercontainer/bentonite
| Inclination
Supercontainer/bentonite
S Strain Gauge

The as-built design with the position (coordinatasthe sensors is presented in Appendix 1.
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3 DESCRIPTION OF THE SENSORS

The different sensors that are placed in the blgoglets, Supercontainer, plug and rock are desdri
in this chapter. The chapter also includes backgtonformation regarding sensor distribution and
placement.

3.1 Sensor types
Total pressure measurement

Total pressure is the sum of the swelling presanckethe pore water pressure. It is measured wath th
following sensors:

Geokon total pressure cells with vibrating wirensducers were installed in the rock wall at
axial (to the drift, S1) and radial to the drift2,SS4, S7, S8, S9 and $9measurement
directions. Additionally, one of these sensors \pksced in the axial direction at the S8/S9
block/block interface.

Geokon total pressure cells with piezo resistiaagducers (custom modified by AF, Sweden)
were installed in bentonite block drift componer@pecifically, these cells were placed in ring
blocks and end blocks at block/canister interfacesasuring radially to the drift axis for the

former and along the drift axis for the latter, distance blocks at the Supercontainer
endplate/block interface measuring along the dwis and at the pellet-filling/plug interface

measuring along the drift axis.

Pore water pressure measurement

Pore water pressure is measured with the followesors:
Keller pore pressure piezo resistive sensors. Themsors are installed outside the test area
and the pressure is transmitted through tubing ected to the borehole measurement
locations. The tubing is equipped with porous $&® steel filters at the sampling ends. The

boreholes are isolated with packer assemblies.

Measurement Specialities 4 arm Wheatstone bridgesd sensors are installed in the blocks
and pellets-filled zones.

Gas pressure measurement

Gas pressure is measured with the following sensors
Keller pore pressure sensors piezo resistive sensbese sensors are installed outside the test
area and the pressure is transmitted through tulmngected to the measurement location. The
tubing has a porous stainless steel filter at tite e

The main aim for installing these sensors was feasaring the evolution of gas pressure if the

DAWE was discarded. Essentially these sensors pnaiaasuring the water pressure in the gap and
should be changed by other sensors with highererang
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Water saturation measurement

The water saturation in the bentonite blocks ioréed by measuring the relative humidity in theepor
system, which can be converted to total suctiogdhee water pressure). The following techniques
and devices are used:

Aitemin SHT75 v3 capacitive hygrometer. The meagyrange is from 0 to 100% RH.

Wescor type PST-55 thermocouple psychrometer wildification by Aitemin. The effective
measuring range is from 95 to 99.6 % RH correspuntb suction between 54 to 6 916 kPa at
20°C. The psychrometer response is showed in Figpdrelnterpretation of the psychrometer
signals requires parameter values in order to semitethe different regions of the output trace
(a-b-c-d-e) versus time. The signal correspondmghe c-d plateau is explicitly used for
suction calculation. Therefore it is important teeck the consistency of the input parameters
and the times constants over long periods of sigolé&ction.

\\C

S e p
Orangran (53 é

: I I I 1 I
T T T T T
2n

Teme (saccnds

Figure 3-1. Generapsychrometer response during the measurement goces
Volumetric water content measurement

The volumetric water is defined ag/N  (volume of water/total volume) and is measuretheMPT
drift as follows:

Soil moisture sensors (ThetaProbe type ML2x, DE&l@aevices with custom modification by
Aitemin) were installed in the bentonite blockseTineasuring range should cover all possible
volumetric water contents. These sensors consatvedterproof PVC housing, which contains
the electronics, and, at the other end, four smeghestainless steel rods that are inserted into
the material to be analyzed. Given the swellingacép of the bentonite buffer, the standard
housing of the units was reinforced with a SS316&&ig provided with a fitting for ¥4” OD
tubing (to protect the cable). Any remaining emgpyace in the casings was filled with resin.
The output signal of these sensors is 0 to 1 V B@ufe 3-2) for a range of soil dielectric
constants, , from 1 to 32, which corresponds to a range ob Gpproximately 0.5 fm?®
volumetric moisture content for generalized minemils. Soil-specific calibrations should be
performed for these sensors.
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Figure 3-2.Relationship between ThetaProbe output and soittu@ content for generalized
mineral and organic soils.

The FDR sensors were placed in holes filled withvgher with the same water content the block:
Distance/transition blocks 21 %.
Rings in Supercontainer, 11%
Discs in Supercontainer, 17%

Strain measurement
Strains on the Supercontainer and plug face arsunea with the following strain gauges:
HBM 1-LY41-3/350 with a range of 0-50 0@@n/m (plug face).
HBM 1-XY101-3/350 with a range of 0-50 0@®n/m (Supercontainer).
Displacement measurement

Displacements within the MPT drift are measuretbdsws:

RDP LVDT sensors with a range £25 mm were instahsdle the drift to
measuredisplacements of the Supercontainer wigecé$o the rock wall (section 4). In these
cases, positive displacements indicate movemethieobupercontainer away from the rock.
LVDT sensors were also installed in drift sectioto Sneasure the displacement of bentonite
blocks with respect to the canister where posiigplacements indicate movement away from
the canister. Finally, in drift section 9, LVDT s&ms were installed to measure the
displacement between two blocks and where anyipesiicrease indicates that the space
between the blocks is increasing.

RDP LVDT sensors with a range £12.5 mm were instiatiutside the drift on the plug face to
measure displacement of the plug along the drifs.aXPositive displacements indicate
movement of the plug toward the drift.

Ideally these sensors would be installed measwrarg displacement but they were configured in a
workshop and it is possible that they experien@@desmovement during emplacement of the blocks
and Supercontainer.
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Inclination measurement
Inclinations of the Supercontainer and bentonitekd are measured as follows:

Measurement Specialities DPL series inclinometeith & range of + 5° were installed in
bentonite blocks in sections S2 and S7. The x-Bbighe inclinometers corresponds to the
longitudinal direction along the bottom of the thahd a positive angle response indicates an
incline (counter clockwise rotation) away from thleg face. The y-axis for the inclinometers
corresponds to the lateral direction of the drifdaa positive response indicates an incline
(clockwise rotation) away from the rock wall aswnain Figure 2-1.

In section S4, the inclinometers were installed gletely opposite to those in sections S2 and
S7. As such, the y-axis for the inclinometers cgpomds to the longitudinal direction along the
bottom of the drift and a positive response indisan incline (clockwise rotation) away from
the rear of the drift and the x-axdsrresponds to the lateral direction of the dniftl @ positive
response indicates a decline (counter clockwisatiost) toward the rock wall as drawn in
Figure 2-1.

3.2 Installed sensors

The locations of the measurement sections alondrifteare presented in Figure 3-3 and the type and
number of sensors are presented in Table 3-1.

Distance (m) 18.925 1747 15.53 12.68 105 9.82 7.88 4.73 3.3 1.5 0

Air evacuation pipe Transition zone ‘

B
component

Pilot hole ¥:°MDistarice Block 3,0

Supercontainer 5,5m istance Block|3,0m  Transition blogk 4,5m Pellet filling

Measuring sections  §1 S2 S3 S4884+ S5&S5+ S6 S7 S8 S9 S9+ S10

Figure 3-3.Measurement section locations (DAS coding, withpthg as position 0).
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Table 3.1Distribution of sensors by sections showing tlstrifiution between those that are read by
means of conventional cables (wired), wirelessubirtg that transmits pressure.

SECTIONS

Sensors S1 S2 S3 S4 S5 S6 S7 S8 S9 S9+ S10 ouT TOT
TP rock 5 4 2 4 4 2 6 27
TP plug 2+1 3
TP buffer 4 4 4 1 13
PP rock short 1 4 4 9
PP rock borehole 18 18
PP buffer 3+3 4 2+3 1+3 3+3 23
WC 3+3 4 2+3 3+3 4+3 3+3 34
WP 6 4 4 6 6 6 32
WF 1 2 2 2 2 2 2 13
DS 4 4 8
DB 2 2
DC 3 3
IS 2 2
1B 1 1 1+1 4
GP 1 1 1 3
SG 8 24 32
FM 1] 1
Total 8 27 0 26 32 5 27 19 39 6 10 28 227
Tubings 2 4 0 0 0 1 4 0 0 0 1 0| 12
Wireless 0 6 0 0 6 0 6 5 6 0 4 33
Wired 8 21 0 26 26 5 21 14 33 6 6 28 194

3.3 Reasoning behind the distribution of sensors
This section introduces the reasoning behind theoses and their instrumentation.

Section S1

This section is in contact with the rock at the ehthe drift. The instrumentation was installedytee
the swelling pressure evolution in five points ontact with the rock. A pore pressure transduces wa
installed to give the drain effect inside the roék.soil moisture sensor was installed to provide
information about the evolution of the water comteinthe buffer (inner filling block).

A filter connected with a steel line was installedbe able to measure the remaining gas pressure at
the upper part of the drift but also to measuregdme composition taking samples and analyzingen th
laboratory. Due to DAWE procedure, this sensor fl@sded from the beginning and no gas pressure
was measured.

Sections S2 and S7

Both are hydraulically instrumented sections wittime distance blocks at both sides of the
Supercontainer. Four pore pressure transducers ngadled to give the drain effect inside the rock
walls and four total pressure cells were instatiedrack the swelling pressure evolution in contact
with the rock. Within the buffer, the distributiarf the sensors is radial in order to study the @tiah

of the saturation process from the rock to therimpzet of the buffer. The distribution is in 4 @ifent
orientations for studying the effect of the satimratprocess in gravity sense and in perpendicular
direction. The capacitive hygrometer and the psyiaters were installed to give the saturation
process in all range (water potential which istedlawith the water content with the water retention
curve). The soil moisture sensors were installegite the volumetric water content. The installatio
of pore pressure transducers at the same radingfas rock was done to monitor the positive pressu
when the buffer is saturated. An inclinometer westdlled to inform about blocks tilting.

Section S3
This section only has a radio module to pass the&ontainer.
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Sections S4 & S4+

Located in the middle of the Supercontainer, ttetriimentation of this section was installed to give
the swelling pressure developed against the Sup&ioer shell and the canister surface from thg rin
blocks. Capacitive hygrometers and psychrometenre westributed in two diameters to follow the
evolution of the saturation process in the bloaksnf the rock to the inner part of the buffer. Two
additional soil moisture sensors were installedyitee the volumetric water content and four pore
pressure transducers were installed to give thetip@gpressure when the buffer saturates. Two
inclinometers were installed to inform about thekzage tilting (one close to the shell and anotmer o
close to the canister) and four extensometers wnstalled to monitor movements (S4+, in the next
block because the lack of room in the previous .one)

Sections S5 & S5-

This section, located close to the canister end, mstrumented for different purposes: first tddol

the saturation process inside the Supercontaiaeketo the pore pressure transducers, the caaciti
hygrometers, the psychrometers and the soil mastansors; second to track the swelling pressure
developed against the canister by the end blodiotmptthird to measure the saturation process in the
center of the end block bottom; and fourth to mamnitanister movements regarding the
Supercontainer shell (again located in the annegkidiue to the lack of room, S5-).

This section is also devoted to monitor the meatariehavior of the Supercontainer. 8 strain gauges
were glued on to the Supercontainer shell to désdares when the strains change suddenly.

Section S6

The instrumentation of S6 was installed to give #®welling pressure developed against the
Supercontainer from the distance blocks. A filtenmected with a steel line was installed to be &ble
measure the gas pressure due the possible cormafsibe Supercontainer but also to measure the gas
composition taking samples and analyzing in thedatory. Due to the DAWE procedure, this sensor
was flooded from the beginning.

Section S7
See S2, these have the same configuration andtivlegc

Section S8

This section was installed to follow the saturatpmocess within the transition blocks by means of
suction and water content instrumentation and tptaksure cells installed at the rock walls. Two
additional soil moisture sensors were installedit@ the volumetric water content.

Section S9

This section is the closest to the pellets fillisg,it will be possible to see if there are anyedénces
with respect to the other sections and to assessftlct of the pellets on block saturation. In pedet
zone, a total pressure sensor is installed forsagsg the swelling pressure developed by the gellet
onto the blocks.

Soil moisture sensors and suction instruments westalled in four perpendicular radii to study the
saturation process on the opposite side respdbetpellets in order to avoid quick saturation lod t
sensors during the DAWE. The swelling pressure ldpwment against the rock is measured too. Two
sensors were installed in the buffer to monitorsgde movements; two inclinometers were also
installed.

Pore pressure sensors were installed in the thorshobles in this drift section to provide infornueti
about groundwater flow.
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Section S9+
Section S9+ is located 0.9 m from the plug and adgtked in order to install six total pressure cibléd
could not fit in sections S9 & S10 for practicahsens.

Section S10

This section is mainly for studying the swellingegsure development against the plug. The
instrumentation has a double purpose. On the ond faprovides information about the stresses
against the plug (total pressure in some locatiang) on the other it provides information to conepar
with the swelling pressure developed in the Supegsper side (section 4 and the other sections from
4 till plug) for studying the development of frioti between the bentonite and the rock. In orddreto
able to measure the effective pressure, pore peesemsors were installed. There was a gas pressure
sensor in this section but it was flooded fromltlbginning due to the DAWE procedure.

Section OUT
This is not strictly a section. It comprises ak tihansducers installed outside the sealed tesbsec

As with the Supercontainer shell, 16 strain gawge® installed on the cap to monitor the strege sta
A temperature sensor was installed to measureeimpérature compensation in the strain gauges
measures. Three displacement transducers werdledsta inform about plug movements and for
comparing the behavior of this system with the pgkgied before (SKB 2012).

A flowmeter system was installed to be used forsueag the water leakage from the plug.
In the following chapters (4 - 6), outer sensorifmss refer to those sensors located at the aterf

between the MPT drift boundaries (i.e., rock walllbtug) and drift components whereas inner sensor
positions refer to those sensors located within MBT components.
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4 DISTANCE BLOCKS
The sensors in the distance blocks are locatedfirsdctions S-1, S-2, S-6 and S-7 (Figure 3-1).

4.1 Inner sensor positions

The location of the inner sensors and other infoionas presented in Tables 4-1 (section 1), 4-2
(section 2), 4-3 (section 6) and 4-4 (section 7).

Table 4-1.Numbering and position of inner distance block sen# drift section 1.

% & 0* #
" I"# ML2x377/048 $
% # & $ & I GP 1892-1 (
Table 4-2.Numbering and position of inner distance block sen# drift section 2.
% & 0*#
# # # % " #%% % | WF 17222 $
% # # ) ! #%% ) WP 1722-4
* # # ' 1% #%% ' WC 1722-5
) # # + #, + #%% IB 1722-1
' # # * #9%% * wireless ,
# # % #%% % wireless
# # ! #%% WP 1722-1
! # % 1% #%% % wireless
- # ' ! #%% WP 11722-5
# 19%0# #%% " WC 1722-6
/ | % wireless
% # * ! #%% * WP 1722-3
* # ) 1% #%0% ) wireless
) # % ! #%% % | WP 1722-2
' # 1% #%% wireless
# ) #%%) | PP 17224 ,
# # i I # #%% " WP 1722-6
! # # " #%6% WF 1722-1 $
- # * 1% #9%0% * WC 1722-3
%. # #%% wireless ,
Table 4-3.Numbering and position of inner distance block sexn drift section 6.
% & 0*#
# # $* - $ - % TP 0990-3 &0 12
% # # $' - $ ) TP 0990-5 &0 12
* $% - $ - TP 0990-2 &0 12
) # & $ & H GP 0967-1 (
' # $) - $ - * TP 0990-4 &0 12
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Table 4-4.Numbering and position of inner distance block sexn drift section 7.

% & ' (O*#

# # * 1%, * wireless ,
% # # # ) ! 1%.) WP 0820-4
* # # % 1" 1%. % WF 0820-2 $
) # # ' 1% 1% ! WC 0820-5
' # % 1%. % wireless ,

# ! 1%, WP 0820-1
# # % 1% 1%. % wireless
! # # : ! 1%, ' WP 0820-5
- # " 19%# 1%. " WC 0820-6

# # % ! 1%. % WP 0820-2

# 1% 1%. wireless
% # # * ! 10%, * WP 0820-3
* jikid ) 1% 1%.) wireless
) # # ) 1%. ) PP 0820-4 ,
' # # # " | # 19%. " WP 0820-6

# " 1%. WF 0820-1 $
# # # * 1% 1%, * WC 0820-3
! # # 1%. wireless
- + +, + 19, IB 0820-1 ,
%. # H#H | # | # wireless

4.2 Inner sensor results and comments

4.2.1 Relative humidity

The relative humidity sensors in the peripheralitpmss of the blocks have measured increases in the
relative humidity as expected. No changes have beeasured with the sensors in more inward
locations of the blocks. The results are presemi&igures 4-1 and 4-2.
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Figure 4-1. Response of capacitive hygrometer sensors at idmstance block positions (in the
bentonite block) in drift section S-2. A total of such sensors were installed in this sectiont¢ot
right inset; WC-1 corresponds to WC-1772-1, efthe sensors in more peripheral positions recorded
increases in relative humidity from the beginnirighe test whereas the sensors closer to the center
showed little to no increase in relative humidiDashed lines correspond to wireless sensors (WC-1,
WC-2 and WC-4). Signal was being received frometlsemisors until just over 100 days into the test

after which they have not transmitted as intended.
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Figure 4-2. Response of capacitive hygrometer sensors at idistance block positions (in the
bentonite block) in drift section S-7. A total of such sensors were installed in this sectiont¢ot
right inset; WC-1 corresponds to WC-0820-1, efthe sensors in more peripheral positions recorded
increases in relative humidity from the beginnirighe test whereas the sensors closer to the center
showed little to no increase in relative humidi§ensor WC-3 showed an early spike in relative
humidity perhaps due to the initial water filling the gap. Dashed lines correspond to wireless
sensors (WC-1, WC-2 and WC-4). Signal was recdinaed these sensors only from around 90 until
just over 100 days into the test, before and dftat they have not transmitted as intended.

It seems that the response pattern is similar th bections, showing that the sensor at the riglg s
(WC-6 in both sections) measured an increase ativel humidity before the other sensors. The reason
could be related with a higher gap (more waterlakbg) on the right side during the emplacement of
the blocks or due to a sudden movement/rotationh géter the water filling. Such an asymmetric
wetting process is evident in the psychrometerltesis well.

LUCOEX



4.2.2 Suction

In-range signals from the psychrometer sensorgspond only to suction established at 95% relative
humidity. For temperatures between 5 °C and 15Hf&suction at 95% relative humidity should be

between 6.6 and 6.8 MPa based on the psychomatviclhe results are presented in Figures 4-3 to
4-6.
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54_ H
s
=
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b5
=]
)
2.
0” | T

0 20 40 60 80 100 120 140 160 180 200
Time (days)

—WP-1722-1 —WP-1722-2 —WP-1722-3 —WP-1722-4 —WP-1722-5 —WP-1722-6

105 8.82

Figure 4-3.Response of psychrometers at inner distance blosiigns (in the bentonite block) in
drift section S-2. A total of six such sensors vestalled in this section (bottom-right inset; VIP-
corresponds to WP-1722-1, etc.). Sensors WP-3, \&fd3VP-6 in more peripheral locations have
reached in-range suction limits (see also Figuré)4The signals for sensors closer to the centeeha
not yet started to approach in-range limits.
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Figure 4-4.Decay in psychrometer signal for sensors WP-3, VRebWP-6 in inner distance block
positions in drift section 2 after reaching in-ranguction limits.
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Figure 4-5.Response of psychrometers at inner distance blosiigns (in the bentonite block) in
drift section S-7. A total of six such sensors westalled in this section (bottom-right inset; VIP-
corresponds to WP-0820-1, etc.). Sensors WP-3, \&id3NVP-6 in more peripheral locations
reached in-range suction limits after 85 to 125glésee also Figure 4-6). The signals for sensors
closer to the center have not yet started to apginaa-range limits.
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Figure 4-6.Decay in psychrometer signal for sensors WP-3, VéiaebWP-6 in inner distance block
positions in drift section 7 after reaching in-ranguction limits.

4.2.3 Pore pressure

Pore pressures in the blocks were measured with passure sensors (Figures 4-7 and 4-8). The
pressure in the gap was measured (Figure 4-9) avilas pressure sensor. In most cases, the pore
pressure sensors in the blocks did not measurénargase in pore pressure. This observation may be
due to the low hydraulic conductivity of the beriten The measurement results are presented in
Figures 4-7 to 4-9.

Similarly, the BRIE test, also conducted in the &dfRL, was instrumented with pore pressure
sensors and pressure increases were not obsematsgbn et al., 2014). Other examples indicating
delays in the development of measurable pore pressn bentonite blocks include the FEBEX test
(Enresa, 2000) and the ESDRED test both performéteaGrimsel Test Site (Switzerland).
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Figure 4-7.Response of pore pressure sensors at inner distainck positions (in the bentonite

block) in drift section S-2. A total of four su@nsors were installed in this section (bottom-right
inset; PP-1 corresponds to PP-1722-1, etc.). Dadhmex$ correspond to wireless sensors (PP-1, PP-2
and PP-3). Signal was being received from thess@sruntil just over 100 days into the test. Sensor
PP-4 was starting to show increasing signal afté® Hays.
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Figure 4-8.Response of pore pressure sensors at inner distalnck positions (in the bentonite

block) in drift section S-7. A total of four su@nsors were installed in this section (bottom-right
inset; PP-1 corresponds to PP-0820-1, etc.). Dadmexs correspond to wireless sensors (PP-1, PP-2
and PP-3). Signal was received from these sensdysflom around 90 until just over 100 days into
the test. Sensor PP-4 has displayed an unreasoteiglg signal since the beginning of the test and
may be malfunctioning.
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Figure 4-9.Response of gas pressure sensor in drift sectibif®ttom-right inset). The full sensor
range is 250 kPa and it was installed for the pwg®of measuring the gas pressure during the water
filling if the DAWE procedure was not followed. Tdensor was flooded and essentially measured
water pressure. After less than 10 days it readhednaximum capacity. This sensor should be
changed to a higher range pore pressure sensortwiipossible because the gas pressure sensors
are located outside of the drift.
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4.2.4 Water content
Volumetric water content was measured with soilstwe sensors (Figures 4-10 to 4-12).
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Figure 4-10.Response of soil moisture sensor at inner distétmek position (in the bentonite block)
in drift section S-1. The sensor measured a deergasignal until a constant value was reachedrafte

100 days. This behavior could be related with esparifracturing of the bentonite which could lead
to new voids in the vicinity of the measuring rads lower signal. This block is in the rear of trgt

and may be more prone to suffer expansion/breaking.
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Figure 4-11.Response of soil moisture sensors at inner disthluzk positions (in the bentonite
block) in drift section S-2. A total of two sucimsars were installed in this section (bottom-rigiget;
WEF-1 corresponds to WF-1772-1 and WF-2 correspdod&F-1772-2). Increasing signals were

measured by both sensors over the course of the tes
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Figure 4-12.Response of soil moisture sensors at inner disthlok positions (in the bentonite
block) in drift section S-7. A total of two sucinsers were installed in this section (bottom-rigiget;
WEF-1 corresponds to WF-0820-1 and WF-2 correspaod&¥F-0820-2). Sensor WF-2 measured an
increasing signal over most of the test but selgbrl displayed a constant signal throughout which
indicates it may be malfunctioning. The behavionwti-2 at the beginning of the test is similar to-WF
1867 (Figure 4-10) but the signal decreases lessamnincrease of the signal is also observed. The
explanation for this behavior could be the samgagsion/fracturing of the bentonite but to a lesser
extent due to higher confinement of the blocks.
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4.2.5 Inclination

Results from the inclinometer sensors are presentedjures 4-13 and 4-14. The reference
inclination is the one after the emplacement.
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Figure 4-13.Response of the inclinometer sensor at inner digtdmock position (in the bentonite
block) in drift section S-2. A sudden change itifation at 3 days to a constant value was measured
suggesting a sudden rotation of the block towaléspilot borehole possibly due to block swelling.

LUCOEX



E 0 N annas ) ST
g
=
E
2 -500
g
-1000
-1500 1
0 20 40 60 80 160 120 140 160 180 200
Time (days)
—IB-0820-X

Distance (m) 18.025  17.47

Figure 4-14.Response of inclinometer sensor at inner distatmeklposition (in the bentonite block)
in drift section S-7. One sensor was installechis block (bottom-right inset) and only inclination
along the x-axis was measured. Signal was recohaed this sensor after 54 days. The signal trend
appears to indicate a slow inclination towards fieg.
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4.3 Outer sensor positions

The location of the outer sensors and other inftionas presented in Tables 4-4 (section 1), 4-5
(section 2) and 4-6 (section 7).

Table 4-4.Numbering and position of outer distance block sens drift section 1.

% & 0*#
) # It It (
" # # $ % $ W% | w% &0
$ * $ mrr B &0
* # $) $ ) b o) &0
# ## $ $ bl &0
% i+ $ $ it b 1 &0
Table 4-5.Numbering and position of outer distance block eeng drift section 2.
% & 0* #
. # #% " #% " (
% #% ' #% ' (
) # ! #% | #% | (
! # # #% # #% # (
m $ % $ #%% | S #%% &0
* # $ $ #% $ #% &0
- # # # $) $ #%)  [$ #%) &0
# # # $ * $ #%*  |$ #%* &0
Table 4-6.Numbering and position of outer distance block eeng drift section 7.
# # # e TR (
- # # A K
% # ! A1) A1) (
6+ # A # A # (
! # $ % $ M [$ #M% &0
%. # $ $ 4 &0
%) $) $ M) $ ) &0
%% # # $ * $ #I*  § &0
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4.4 Outer sensor results and comments

4.4.1 Total pressure
Total pressure is measured in sections 1, 2 asde&’Kigures 4-15 to 4-17).

Figure 4-15. Response of total pressure sensors at outer disthlack positions (measuring axial
pressures at the rock wall surface) in drift sesti®-1 (bottom-right inset). A total of five suchs®'s
were installed in this section (bottom-right ins&®-1 corresponds to TP-1892-1, etc.). The sensors
generally show increasing pressure. The signal feemsor TP-1892-5 appears to level off after 100
days. The negative values are due to changes irbdiseline signals. This effect is very common
because of the installation and rearrangement @& ¢l inside the cell. It is negligible for these
sensors.
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Figure 4-16. Response of total pressure sensors at outer aistétock positions (measuring radial
pressures at the rock wall surface) in drift sect®-2 (bottom-right inset). A total of four sucihhsars
were installed in this section (bottom-right ins&®-1 corresponds to TP-1747-1, etc.). The sensors
generally show increasing pressure with a leveloff after 100 days. The sensors also respond
similarly to TP-1895-2 (see Figure 4-15), indicafithat the bentonite is still not in contact wittet
rock or the swelling pressure is still low and fressure measured is mainly water pressure.
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Figure 4-17. Response of total pressure sensors at outer aistétock positions (measuring radial
pressures at the rock wall surface) in drift seetid (bottom-right inset). A total of four such senss
were installed in this section (bottom-right ins&®-1 corresponds to TP-0803-1, etc.). The sensors
generally show increasing pressure with a leveloff after 100 days. The sensors also respond
similarly to TP-1895-2 (see Figure 4-15), indicafithat the bentonite is still not in contact wittet
rock or the swelling pressure is still low and firessure measured is mainly water pressure.
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4.4.2 Pore pressure
Pore pressure is measured in drift sections 1d27gisee Figures 4-18 to 4-20).

Figure 4-18. Response of pore pressure sensor in drift sectidbottom-right inset). The sensor
appears to be malfunctioning or the tubing is nudiyfair purged.
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Figure 4-19. Response of pore pressure sensors in drift sec8¢gh (bottom-right inset, PP-5
corresponds to TP-1747-5, etc.). Sensor PP-6 shamenhcrease in pressure through 55 days and
decreasing pressure thereafter. This behavior cdagldiue to gas compression, especially taking into
account that the PP-6 is in upper position, so ashmore risk of having air inside. Sensor PP-8
displayed similar behavior to that observed for tioéal pressure sensors (see Figure 4-16), i.e.,
increases in pressure until approximately 100 didgwed by a levelling off. Sensors PP-5 and PP-7
may be malfunctioning or the tubing is plugged.
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Figure 4-20. Response of pore pressure sensors in drift secBon (bottom-right inset, TP-5
corresponds to TP-0803-5, etc.). Sensor PP-5 shaveddden increase in pressure starting at 105
days. Sensor PP-8 displayed similar behavior ta thlaserved for the total pressure sensors (see
Figure 4-17), i.e., increases in pressure until epgmately 100 days flowed by a levelling off. $ens
PP-6 shows unexpectedly low pressures. This behesidd be due to gas compression, so the pipes
should be purged. Sensor PP-7 appears to be maifmaeg or the tubing is plugged.
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5 TRANSITION ZONE

5.1 Inner sensor positions

The location of the inner sensors and other infoionas presented in tables 5-1 (drift section 8,
transition blocks), 5-2 (drift section) and 5-3ifdsection 10). All sections are presented in Feg8-1.

Table 5-1.Numbering and position of inner transition zonasges in drift section 8 (transition

blocks).

% & O0*#
# ) # ) WP0480-4
% # % #" ). % WF0480-2 $
* # # " #%0# L WC0480-6
) # # i # M WP0480-1
' # # iid * #% DL WC0480-3
# N WP0480-5
# # #1% N # WC 0480-7
! #% L WC0480-1
- % # ). % WP0480-2
% #% ). % WC0480-2
## " #l # DL WP0480-6
% # #H" L. WF0480-1 $
* # i i ) #% L) WC0480-4
) * # . * WP0480-3
' #% N WC0480-5
# # /! /! wireless

Table 5-2. Numbering and position of inner

transition zoness®s in drift section 9 (transition

blocks).
% & 0 #
# +9% +, +.%!" % 1B0311-2
% # #1% 9%!" wireless
* + +, + 9"
) $ #- $ %% * DRIFT 20
' % #1m 9%!" % 9%6!" % $
# # * #1% Op!" * WC0286-3
# ) #! 9%!") WP0286-4
! # ' #1% S WC0286-5
- #1 %l WP0286-5
# 196t Sl WC0286-6
# #i #1 9! WP0286-1
% i i % #1% 9%!" %
* * #1 Opl" * WP0286-3
) ) #1% )
' it /- / -
# # +% #., + %" %
# H # + #., + 9%!"
! # # % #1 9%!" % WP0286-2
- # " #1# Ol " %!" "
%. # #I" %!" WF0286-1
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Table 5-3.Numbering and position of inner transition zonass®s in drift section 10 (pellets).

% & ' (O*#
% PP-0000-5
% # ) %) PP-0000-4 ,
* # $ - $ . %- &0 12
) # %
* "%_ *
#4 % % % ,
# & $ & .%- GP-0000-1 (
! " # %" PP-0000-6
# # / / .
% . 3
% % . % 3
% # * % ¥ 3
* # $ % - $ .%- % close to PP2 &0 12
) $* - $ %" close to PP3 &0 12
5.2 Inner sensor results and comments

5.2.1 Relative humidity

The relative humidity sensors in the peripheralitpmss of the blocks have measured increases in the
relative humidity as expected. No changes have heeasured with the sensors in more inward
locations of the blocks. The results are presemi&igures 5-1 and 5-2.
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Figure 5-1. Response of capacitive hygrometer sensors at itmaasition zone positions (in the
bentonite block) in drift section S-8. A total @ven such sensors were installed in this section
(bottom-right inset; WC-1 corresponds to WC-048@it,) and signal is being recorded from four of
them. Dashed lines correspond to wireless senaaiG-{, WC-3 and WC-5). Signal was lost from
these sensors a few hours into the test. The sfgiralsensor WC-6 was lost at close to 60 days.
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Figure 5-2. Response of capacitive hygrometer sensors at itmaasition zone positions (in the
bentonite block) in drift section S-9. A total of such sensors were installed in this sectiont(ot
right inset; WC-1 corresponds to WC-0286-1, efdgshed lines correspond to wireless sensors (WC-
1, WC-2 and WC-4). Signal was received from sendtsl and WC-4 only from 50 to 60 days. No
signal was received from sensor WC-2. The sigrahfsensor WC-6 was lost at close to 60 days.

5.2.2 Suction

In-range signals from the psychrometer sensorgspond only to suction established at 95% relative
humidity. For temperatures between 5 °C and 15f&€suction at 95% relative humidity should be
between 6.6 and 6.8 MPa. The results are presantadures 5-3 to 5-5.
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Figure 5-3. Response of psychrometers at inner transition zms#tions (in the bentonite block) in
drift section S-8. A total of six such sensors waestalled in this section (bottom-right inset; V{P-
corresponds to WP-0480-1, etc.). Sensors WP-5 db\i more peripheral locations have reached
in-range suction limits (see also Figure 5-4). ®ignals for sensors closer to the center have got y

started to approach in-range limits.
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Figure 5-4. Decay in psychrometer signal for sensors WP-5 arfb6An inner transition zone
positions in drift section 8 after reaching in-ranguction limits.
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Figure 5-5. Response of psychrometers at inner transition pws#ions (in the bentonite block) in
drift section S-9. A total of six such sensors waestalled in this section (bottom-right inset; V{P-
corresponds to WP-0286-1, etc.). Sensors WP-4 aReb\Wre approaching in-range suction limits
while the other sensors have not yet started taagah in-range limits. Sensor WP-2 appears to be
malfunctioninglt should also be taken into account that these ssrase close to the pellet filling (on
the opposite side of the block in contact withgh#ets, i.e., 485 mm) and the resulting signaly ima

influenced by any block/pellet interactions.

LUCOEX



5.2.3 Pore pressure

The pore pressure sensors are located at the-piithef/plug interface in drift section 10 (Figuseb-6
and 5-7).

Figure 5-6. Response of pore pressure sensors at inner trans#one positions in the pellet-filled
zone in drift section 10. A total of six such sesswere installed in this section (bottom-rightefis
PP-1 corresponds to PP-0029-1, etc.). Signal wasracorded from sensors PP-4, PP-5 and PP-6
until approximately 50 days. No signal has beeremrezd from wireless sensors PP-1, PP-2 or PP-3
since 11.12.2013. Although it is expected thatpéiet zone is filled with water, only sensor PP-4
shows a clear increase in pressure and levellirffgoat sensors PP-5 and PP-6 do not. If the water
filled the pellet zone at a spatially localizedanw¥ point, inhomogeneous wetting, swelling andisgal
may result (see e.g., Hoffman, 2005).
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Figure 5-7.Response of gas pressure sensor at inner transttiore position in the pellet-filled zone

in drift section 10 (bottom-right inset). The fsknsor range is 250 kPa and it was installed fa th
purposes of measuring the gas pressure during therwilling if the DAWE procedure was not
followed. The sensor was flooded and essentiallgsored water pressure. This sensor should be
changed to a higher range pore pressure sensorhwisiqossible because the gas pressure sensors
are located outside of the drift. This sensordse to sensor PP-6 (see Figure 5-6).
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5.2.4 Water content
Volumetric water content was measured with soilstwe sensors (Figure 5-8).

Figure 5-8. Response of soil moisture sensors at inner tremms#one positions (in the bentonite
block) in drift section S-9. A total of two sucimsars were installed in this section (bottom-rigiget;
WEF-1 corresponds to WF-0286-1 and WF-2 correspead¥F-0286-2). An increasing signal was
measured by sensor WF-1 whereas sensor WF-2 de&pkjower, relatively constant signal.
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5.2.5 Inclination
Results from the inclinometer sensors are presenteEgjure 5-9.

Figure 5-9. Response of the inclinometer sensors at inner ifianszone positions (in the bentonite
block) in drift section S-9. A total of two suclmsers were installed in this section (IB-0286-1 &Be
0286-2). Sensor IB-1 is a wireless sensor and gioasihas been received from this sensor. Sensor IB-
2 showed a sudden change in both the positive &kyatirections after 3 days to constant valuessThi
behavior is similar to IB 1722-X (Figure 4-13).
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5.2.6 Displacement

Two wireless, displacement sensors (DB-0286-1 aBdOP86-2) were installed in drift section 9.
Signal was received from these sensors only frodaB8ary to 5 February 2013.

5.2.7 Total pressure

Total pressure sensors were installed at the palgt interface to the inner face of the plug
(Figure 5-10).

Figure 5-10.Response of total pressure sensors at the pellgtipterface in drift section S-10. The
pressure is measured orthogonal to plug. A totalhoée such sensors were installed in this section
(TP-0029-1, TP-0029-2 and TP-0286-3). Sensor TB-& wireless sensor and no signal has been
received from this sensor. Little to no pressurse been detected by sensors TP-2 and TP-3.
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5.3 Outer sensor positions

The location of the outer sensors and other inftionas presented in tables 5-4 and 5-5 (driftisest
8 and 9, transition blocks) and 5-6 (drift sectidn pellets). This section also contains informatio
regarding the strain gauges on the plug face (Tafle

Table 5-4. Numbering and position of outer transition zonesses in drift section 8 (transition
blocks).

% # $ * $ )% $ )~ 2 0
%" # $ % $ D)% s )% &0
9ot $ $ ) EY & 0
%! # $) $ ) 40)) &0

Table 5-5. Numbering and position of outer transition zonessea in drift section 9 (transition
blocks).

%- iid $ % #- $ % % $ %t % & 0
*, # $ #- $ YoH# $ ot & 0

Table 5-6.Numbering and position of outer transition zonesses in drift section 9+ (pellets).

* # $) $..)  $..) & 0
*0% # $ $ . $].- &0
= $ * $..* H..* & 0
%) $ % $..% B ..% & 0
* $ " $ .0 $[.. & 0
# $ % $. % $.'% & 0
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Table 5-7.Numbering and position of sensors inside rock ift dection 9.

% & ' (O*#
m % # %% % %-% %

% # # ' # %% %%
* ! # %% | %-% |
) # # M # %% %-%
' # ) # %% ) %-% )
" # # # %% # %% #
# # %% %-%
! # ) # %-%) %% )
- # # %% # %-% #

# # . # %% . %% .

# * # %% * %% *
% # " # # %% " %-% "
* m * # %% * %% *
) n # " # # %% " %% "
' ## # - # %% - %% -
" # # % # %% % %% %
# # # ' # %% ' %-%
! #| # n ! # %% | %-% |
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5.4 Outer sensor results and comments

5.4.1 Total pressure
Total pressure measurements are presented in Bigtk# to 5-13.

Figure 5-11.Response of total pressure sensors at outer tiiansione positions, at the rock wall
surface, in drift section 8. A total of four su@nsors were installed in this section (bottom-rigisiet;
TP-1 corresponds to TP-0464-1, etc.). The sendbshaw similar behavior of increasing pressure

leveling off after 100 days.
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Figure 5-12. Response of total pressure sensors at outer tianstone positions (at the rock wall
surface) in drift section 9. A total of two sucimsers were installed in this section (bottom-rigiget;
TP-2 corresponds to TP-0292-2 and TP-3 to TP-0202-B-1 corresponds to a sensor installed in the
buffer block. Similar to the total pressure sensiorglrift section 8 (see Figure 5-11), sensor TP-2
shows increasing pressure with a leveling off ati@® days. It is likely this sensor is measuringepo
pressure. Sensor TP-3 displays continuously inengagressure; it is possible that more significant
swelling pressure has developed at this positiotW@nthe block has shifted to a resting position on
the bottom of the drift.
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Figure 5-13.Response of total pressure sensors at outer tiansione positions (at the rock wall
surface) in drift section 9+. A total of six suadnsors were installed in this section (bottom-right
inset; TP-1 corresponds to TP-0089-1, etc.). Tmsaees all show similar behavior of increasing
pressure leveling off after 100 days and resentidéedbserved for sensor PP-0029-4 (see Figure 5-6)
in the pellet-filled zone in drift section 10. Tihdially lower values from sensor TP-4 may be tma
shallow collapse of the pellets during the DAWESgh& his sensor also displayed signal instability
between 130-145 days and a jump in pressure atlagd probably due to material rearrangement,
very common in pellets (Mayor et al., 2005a, 2005b)
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5.4.2 Pore pressure

Pore pressure measurements in the three borehollesl égnto the rock wall in drift section 9 are
presented in Figures 5-14 to 5-16. The packer sysgfenerated peak pressures on December 10 and
27, 2013. These peaks were registered by thefdgakure sensors.

Figure 5-14. Response of pore pressure sensors at outer tramsdone positions in borehole 1
(KA1619A05 in Aspo reference) in drift section Stofal of six such sensors were installed in this
borehole (bottom-right inset; PP-1 corresponds #-6292-1, etc.).
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Figure 5-15. Response of pore pressure sensors at outer tramsdone positions in borehole 2
(KA1619A06 in Aspo reference) in drift section Stofal of six such sensors were installed in this
borehole (bottom-right inset; PP-2 corresponds #-6292-2, etc.).
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Figure 5-16. Response of pore pressure sensors at outer tramsHone positions in borehole 3
(KA1620A02 in Aspo reference) in drift section Stofal of six such sensors were installed in this
borehole (bottom-right inset; PP-3 corresponds #-6292-3, etc.).
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5.4.3 Displacements in plug
Signals from displacement sensors on the plugdee@resented in Figure 5-17.

OF
OF
OF
Figure 5-17.Response of displacement sensors on the plugrfalrét section 10 (bottom-right
inset). Overall the measured displacements areecgnitall and near the limit of detection of the

sensors. The observed jumps in displacementslaly lue to work being performed at or near the
plug face.
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5.4.4 Strains in plug
Signals from strain gauge measurements on thefatggare presented in Figures 5-18 and 5-19.

Figure 5-18. Response of vertical strain gauges on the plug facdrift section 10 (bottom-right
inset). Increasing strains are observed over tharee of the test at every position indicating the
development of pressure behind the plug. Straigg&G-P10V displays anomalous behavior relative
to the others. Strain gauges SG-P5V and SG-P12¥ fagled.
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Figure 5-19. Response of horizontal strain gauges on the phieg fn drift section 10 (bottom-right
inset). Increasing strains are observed over tharee of the test at every position indicating the
development of pressure behind the plug. Straimg&G-P11H displays a jump in measured strain at
approximately 60 days.
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6 SUPERCONTAINER

6.1 Inner sensor positions

The location of the inner sensors and other infoionas presented in Tables 6-1 (drift section64),
(drift section 2) and 6-3 (drift section 7). Thisction also contains information regarding theistra
gauges on the Supercontainer in drift section BIg8-4). All sections are presented in Figure 3-1.

Table 6-1.Numbering and position of inner Supercontainer eeng drift section 4.

% & ' O0*#
# # % #1 %- % WP-1293-2
% # # * # % * PP-1293-3 ]
* * #1 %p-- * WP-1293-3
) # ) #1% %-- ) WC-1293-4
' ) # %--) PP-1293-4 ,
) #1 %--) WP-1293-4
# # #1% %-- WC-1293-1
[ # %-- PP-1293-1 ]
- % #1% %-- % WC-1293-2
# #1 %-- WP-1293-1
# # $ % #- $ %--% TP-1299-2 & 0 12
% # # # % #1" %-- % WF-1293-2 $
* # #4 $) #- $ %)) TP-1299-4 &0 12
) $ #- $ %-- TP-1299-1 &0 12
' # #1" %-- WF-1293-1 $
i $* #- $ %-* TP-1299-3 &0 12
# # # # * #1% %o * WC-1293-3
! # % # %-- % PP-1293-2 ,

Table 6-2.Numbering and position of inner Supercontainer dispment and inclinometer sensors in
drift section 4.

% & ' (O*#
% +) %'% % no data ,
% # #.) Yot DS-1492-1 3
* # % #) YoH Y% DS-1492-2 3
) ) #) %t ) DS-1492-4 3
: +) %'% no data ]
H## * #) Ot * DS-1492-3 3
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Table 6-3.Numbering and position of inner Supercontainer seng drift section 5.

% & ' (O*#
# % ! 1% .1 %
% # 4 % " 1% 1% $
* # ) 1% D)
) # ) D) :
H # | |
* | | * *
# # 1% K .
1 # ) ! B D
# % 1% 1% ,
! N . $
# % 1% 1% 1%
% ! .l
* # # * e ,
) # # * 1% e
' |
# 1% K
# $* - $ ox g m &0 12
! # $% - $ *%  |$ *% &0 12
- $ - $ = g > &0 12
%. # $) - $ &) § ) &0 12
% / /)
Table 6-4.Numbering and position of inner Supercontainer dispment sensors in drift section 5.
% & ' (O*#
# * ) 1% * DS-0977-3 3
% n % ) 1% % DS-0977-2 3
* # # ) ) 1%) DS-0977-4 3
) # ) 1% DS-0977-1 3
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6.2 Inner sensor results and comments

6.2.1 Relative humidity
Signals from sensors measuring relative humidigheion are presented in Figures 6-1 and 6-2.

Figure 6-1. Response of capacitive hygrometer sensors at iSugrercontainer positions (in the
bentonite block) in drift section 4. A total of fmuch sensors were installed in this section (ott
right inset; WC-1 corresponds to WC-1299-1, etégnerally, the sensors indicate increasing relative
humidity levels over the course of the test. Tlasar for the initial drop in signal for sensor WC-
1299-3 is unknown but it could be related with klecacking/expansion. Initial signals correspond to
52% RH rather than 84% RH (see Figures 4-1, 4-2,d&n1d 5-2) because the buffer blocks (inside the
Supercontainer) are dryer than the transition zbtecks or distance blocks.
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Figure 6-2. Response of capacitive hygrometer sensors at iSugrercontainer positions (in the
bentonite block) in drift section 5. A total ofdiguch sensors were installed in this section @boit
right inset; WC-1 corresponds to WC-1008-1, etéensors WC-1, WC-2, WC-3 and WC-5 showed a
spike in relative humidity during the DAWE phasehaf test probably due to a gap between the final
disc block and the ring and canister. This gap wealed quickly due to the bentonite swelling. Senso
WC-1 is between the the block and the canistedénie block. Signal was no longer available form
sensor WC-5 after 5 days. Sensor WC-2 reachedsdtliration after approximately 60 days. Signal
was no longer received from the wireless sensoG-\\WVC-3 and WC-4) after just over 100 days.
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6.2.2 Suction

In-range signals from the psychrometer sensorgespond only to suction established at 95% relative
humidity. For temperatures between 5 °C and 13H€ suction at 95% relative humidity should be
between 6.6 and 6.8 MPa. The results are presantadures 6-3 to 6-5.

Figure 6-3. Response of psychrometer sensors at inner Supangen positions (in the bentonite
block) in drift section 4. A total of four such sers were installed in this section (bottom-righset;
WP-1 corresponds to WP-1299-1, etc.). The sigmalthiese sensors have not yet started to approach
in-range limits, i.e., the block is not sufficignslaturated.
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Figure 6-4. Response of psychrometers at inner Supercont@iogitions (in the bentonite block) in
drift section S-5. A total of four such sensorsemv@stalled in this section (bottom-right inset; YYP
corresponds to WP-1008-1, etc.). The sensors weranige at the early stage of the test probably due
to a gap between the final disc block and the angd canister. This gap was sealed quickly due o th
bentonite swelling. It is possible to see the shefevior in capacitive hygrometers in Figure 6-4. A
of the sensors have reached in-range suction li(eés also Figure 6-5).
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Figure 6-5. Decay in psychrometer signal for sensors WP-1, 2VRVP-3 and WP-4 in inner
Supercontainer positions in drift section 5 afteaching in-range suction limits. The sensors WP-2
and WP-5 were somewhat noisy which could be relatethamber contamination. The bentonite salts
moved with the water towards the sensor and theasig affected due to the operating principlelod t

sensor (drying/wetting cycles).
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6.2.3 Pore pressure

Pore pressures in the Supercontainer blocks wasureshwith pore pressure sensors (Figures 6-6 and
6-7). The pressure in the gap was measured (F&8)evith a gas pressure sensor.

Figure 6-6. Response of pore pressure sensors at inner Sugarger positions (in the bentonite
block) in drift section 4. A total of four such sers were installed in this section (bottom-righset;
PP-1 corresponds to PP-1299-1, etc.). Signal wdsamailable from sensor PP-3.

LUCOEX



Figure 6-7.Response of pore pressure sensors at inner Sugiarger positions (in the bentonite
block) in drift section 5. A total of five such sers were installed in this section (bottom-rigtget;
PP-1 corresponds to PP-1008-1, etc.). Dashed lowgsespond to wireless sensors (PP-1, PP-3 and
PP-4). Signal was received from these sensorshmetlyeen 70 to just over 100 days into the test.
Signal was not available form sensor PP-2. SensbbRrobably is in contact with the gap filled with
water due to block cracks.
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Figure 6-8.Response of gas pressure sensor in drift sectimot®om-right inset). The full sensor
range is 250 kPa and it was installed for the pwg®of measuring the gas pressure during the water
filling if the DAWE procedure was not followed. ensor was flooded during the water filling and
essentially measured water pressure. After apprateip 20 days it reached the maximum capacity.
This sensor should be changed to a higher range pogssure sensor which is possible because the
gas pressure sensors are located outside of ttie dri
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6.2.4 Water content
Volumetric water content was measured with soilstwe sensors (Figures 6-9 and 6-10).

Figure 6-9.Response of soil moisture sensors at inner Suptier positions (in the bentonite

block) in drift section 7. A total of two such sersswere installed in this section (bottom-righse;

WEF-1 corresponds to WF-1299-1 and WF-2 correspaod§¥F-1299-2). Sensor WF-2 measured an
increasing signal over the course of the test lbassr WF-1 may have malfunctioned as it displayed a
constant signal until almost 60 days after whigdnsi was no longer available.
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Figure 6-10.Response of soil moisture sensors at inner Sup&er positions (in the bentonite
block) in drift section 5. A total of two such sarsswere installed in this section (bottom-righset
WEF-1 corresponds to WF-1008-1 and WF-2 correspoad¥F-1008-2). After an initial drop, sensor
WF-1 measured an increasing signal over most ofabebut sensor WF-2 displayed a relatively

constant signal throughout which indicates it maynalfunctioning.
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6.2.5 Inclination
Results from the inclinometer sensors are presentejure 6-11.

Figure 6-11. Response of inclinometers at inner Supercontguositions (in the bentonite block) in
drift section 4. A total of two such sensors waerstdlled in this section (bottom-right inset; IS-1
corresponds to 1S-1252-1 and 1S-2 corresponds t@2B-2). Signal is being recorded only from
sensor IS-1 along the x-axis. This sensor suggeatdhe block showed first a sudden rotation ® th
left (counterclockwise) after 3 days which gradya#versed over 100 to 180 days.
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6.2.6 Displacement
Results from the displacement sensors are presenkdures 6-12 and 6-13.

Figure 6-12. Response of displacement sensors at inner Suganten positions in drift section 4.
These sensors measure the displacements betwe8akecontainer shell and the drift wall. A total
of four such sensors were installed in this sectomitom-right inset; DS-1 corresponds to DS-1275-1
etc.). Sensors DS-2 and DS-4 both measured poslisgacements from 30 to 50 days onward.
Sensor DS-3 did not register any change in disptesd. No signal was recorded from sensor DS-1.
These sensors are fixed to the Supercontainer aasune displacement with respect to the rock wall.
Sensors DS-2 and DS-4 both show positive displattewi@ch may indicate that the Supercontainer
moved up or downThe interpretation of these signals is complexabhse they can be influenced by a
variety of different movements.
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Figure 6-13. Response of displacement sensors at inner Suganten positions in drift section 5.

These sensors measure the displacement betweéerntunite block and the canister. A total of four
such sensors were installed in this section (bottigimt inset; DS-1 corresponds to DS-1082-1, etc.).
Sensor DS-3 measured a positive displacement (nemteaway from the canister) over the course of
the test. Sensor DS-1 showed a smaller, negatisplatiement (movement toward the canister).
Essentially no change in displacement was obsemtdSensor DS-4. No signal was recorded from

sensor DS-2. These signals are difficult to intetpiThe block may be expanding more in the upper
right area.
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6.2.7 Total pressure
Results from the total pressure sensors are pexsentigures 6-14 to 6-16.

Figure 6-14. Response of total pressure sensors at inner Sapeiner positions (in the bentonite
block at the ring block/canister interface measgrmadially to the drift axis) in drift section 4. tAtal

of four such sensors were installed in this secfmitom-right inset; TP-1 corresponds to TP-1299-1
etc.). Only background noise was thus far recorolethese sensors over the course of the test.
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Figure 6-14. Response of total pressure sensors at inner Sapeiner positions (in the bentonite
block at the end block/canister interface measuatgng the drift axis) in drift section 5.A total o
four such sensors were installed in this sectiastt@m-right inset; TP-1 corresponds to TP-1033-1,
etc.). Only background noise was thus far recorolethese sensors over the course of the test.
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Figure 6-15. Response of total pressure sensors at inner Sapeiner positions (in the bentonite
block at the Supercontainer endplate/distance biatdrface measuring along the drift axis) in drift
section 6.A total of four such sensors were insthlln this section (bottom-right inset; TP-1
corresponds to TP-0990-1, etc.). Only backgroundenavas thus far recorded by these sensors over

the course of the test.
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6.2.8 Strains
The results from the strain gauge measurementseo8upercontainer surface are presented in Figure
6-16.

Figure 6-16. Response of strain gauges to circumferential sgan the Supercontainer surface in
drift section 6 (bottom-right inset). Signal wazoeded from only two of the strain gauges (SG-SP1
and SG-SP2) beyond a few days into the test. Tgeasges have not measured any significant strains
and show similar behavior from approximately 50 <lapward.
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6.3 Outer sensor positions
The location of the sensors and other informatsopresented in Table 6-6.

Table 6-6.Numbering and position of outer Supercontainer esens drift section 4.

% & ' (0*#

fiiid $! #- $ %-! b %- ! & 0
# # $# #- $ %-# $ w-# & 0

6.4 Outer sensor results and comments

Only total pressure measurements are made in Suggrcontainer positions (Figure 6-17).

Figure 6-17.Response of total pressure sensors at outer Soipeioer positions (at the rock wall
surface) in drift section 4. A total of two sucimsers were installed in this section (bottom-rigtget;
TP-5 corresponds to TP-1275-5 and TP-6 correspeadd?-1275-6). The sensors generally show
increasing pressure which appears to level offref@® days.
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7

7.1 Total pressure

The total pressure measured at the drift wallsnsla to the pore pressure measured by some of the
pore pressure sensors in the rock and by sensmtetbin blocks at the gap interface (see Figugs 7
and 7-2). It is only in drift section 1 that highpressures (possibly including some component of
swelling pressure against the rock wall) are messuThe existence of limited swelling pressure
against the plug could be inferred from the stgginges measurements.

Figure 7-1. Response of total pressure sensors at outer Soipioer positions at the rock wall
surface in the MPT drift (TP-1747-3 in S-2, TP-167t S-4, TP-0803-2 in S-7, TP-0464-3 in S-8 and
TP-0292-2 in S-9). All of the total pressure seasare in the highest parts of the tunnel except TP-
1275-6, which is located in the gable end of thenal. PP-1747-8 is a pore pressure sensor in the
rock located in S-2 and PP-1008-5 is a pore presssensor in the block located in S-5. All of the
sensors display similar evolution measuring pressuretween approximately 400 to 1000 kPa at the
end of the measurement period.
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Figure 7-2. Response of total pressure sensors in transitome ositions in the pellet-filling (S-9+)
and the pore pressure measured in S-10 with seABe0029-4. The tendency was the same for all
sensors although the values were different. Althef sensors display similar evolution measuring
pressures between approximately 400 to 600 kPlaea¢ihd of the measurement period.

The total pressure measured in the drift walld¢rsngly correlated with pore pressure.

Inflow into the 95 meter drift has been monitoratte it was excavated in 2005. Initially, the inflo
was approximately 12 I/min but by 2007 it had nalfyrcome down to around 5 I/min. In 2007-2008
the five positions of highest inflows into the dn¥ere grouted. As a result the inflow was reduized
approximately 0.4 I/min (Eriksson and LindstrémQ8Q By 2011 the inflow had naturally decreased
to roughly 0.25 I/min.

In order to monitor the inflow into the MPT drifi,set of wooden weirs were installed along its leng

(Figure 7-3). The weirs were placed where the @rditions allowed it, but they match up quite well
with the component lengths. Inflow data is presemeTable 7-1.
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Figure 7-3.Wooden weir used to enable monitoring of groundwiaféow into the MPT drift.

A summary of the inflow data is provided below:

Full MPT section two months prior to installation ~32 |/day (22.2 ml/min)
Supercontainer section in 2012 ~19 I/day (13.2 ml/min)
Inner distance block section in 2012 ~8 l/day (5.6 ml/min)
Outer distance block, transition block and pelssstion in 2012 ~3 |/day (2.1 ml/min)

It can be noted that the inflow into the MPT digftwell below 0.1 I/min which is the KBS-3H limit
for emplacement of a Supercontainer.

Table 7-1. Inflow into the MPT drift during 2011-2013; possbbutliers are marked in red.

Measurements were limited in 2013 due to developmerk on the deposition machine.
Diate dritt end- |drit end- |drit end- |dift end- |dnft end- |drift end- |drif end- Date dift end -
407m |90 m |11 ATm 1787 m 1927 m |34,47 m (94 47 m 13,47 m
Miminy  {min}  [(Vmin}  J(lminy  ((Pmin)  [@ming Y min {l!min})
201109-20] 00060 | 00140 20240 0 1430 [ 02200
2011-09-21| 0,0060 | 00230 | 0,0290 | 32,0220 0,1460 | 0,2200
20110922 00065 | 00215 | 0,05 | 20225 01470 [ 02100
2011-10-06] 0,0062 | 00102 | 0,022 | 3,0217 0,1560 | 0,2100 20123-03-23| 2,022C
201110200 00058 | 00200 | 002302 | 2025 01500 [ 02130 201303-26( 2 0230
2014-11-08] 00060 | 00200 | 00905 | 00208 01540 | 01980 2013-03-00] 1 0HF
2011-11-21] 0,0055 | 00195 | 0,0205 | 20210 01360 | 01930 2013-03-10( 7,023
201112-06] 00060 | 00194 | 0,0-97 | 20208 01330 { 01930 2013-03-12( 23,0230
2012079-10] 00060 | 00195 | 0,0-95 | 20208 01350 [ 01930 2013-03-16[ 20232
202052 00056 | 00190 | 00790 | 20205 0 1700 20130318 20234
2012-06-07] 0,0053 | 00186 | 0,0-90 | 32,0193 0,1330 | 01830 2013-03-19| 20224
20M206-28] 00056 | 00190 | 00790 [ 20193 | 00202 | 01330 [ 01900 2013-03-23 20234
2012-07-10] 0,0055 | 00190 | 0,0-80 | 20200 | 0,260 | 0,1300 | 04030 20123-03-25| 2,020C
201209-27] 0,0050 | 00162 00162 | 01280 2013-03-30( 202280
2012-10-17] 0,0050 | 00480 | 00720 | 20420 | o200 | 01260 | 04200 20123-12-04) 10228

*There is a natrual tendency for lower inflows over lime
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Additional inflow measurements along the test sectf the drift have been ongoing since 2011 (see
Figure 7-4).

Figure 7-4.Inflows in different sections of the drift sincel20

7.2 Borehole pore pressures

Pore pressure measurements were made in threeohesatilled into the rock wall in drift section 9.
Stable measurements were observed in boreholesl I3 after 40 days but not until 100 days in
borehole 2. Pore pressure after 185 days is pexganfigure 7-5.

Figure 7-5. Borehole pore pressures as a function of distaocerift after 185 days. The sensors in
boreholes 1 and 2 displayed expected responseseat#ng pressures closer to the drift. The sensors
installed near to the drift showed lower pore pressthan sensors inside the drift (PP-1747-8 and
1299-1) possibly due to the initial water filling.he behavior of the sensors in borehole 3 is
unexpected and it is possible that the packers mateproperly sealed the sensor cavities. Another
possibility is that borehole 3 intersects otherctrares and the cavities are connected to each other
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7.3 Saturation

The saturation process can be followed with theac#éipe hygrometers (Figures 7-6 and 7-7). These
sensors are able to measure the full range of htyniifdm 0-100% but above 95% the errors are too
large and another sensor is needed for measuritigeahighest relative humidities. Psychrometers
were installed in order to cover the full range.

Figure 7-6.Evolution of the relative humidity in different §eas along the bottom of the drift. 1722
corresponds to section 2, 1008 to section 4, 18%&ttion 5, 0820 to section 7, 0480 to section® a

0286 to section 9.
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Figure 7-7.Early evolution of the relative humidity in diffatesections along the bottom of the drift.
1722 corresponds to section 2, 1008 to sectior29910 section 5, 0820 to section 7, 0480 to sectio
8 and 0286 to section 9. Sensors WC-1008-2 and 820-8 showed increases in relative humidity
due to DAWE which abated, presumably, due to tigfivater being drawn away from the sensor
positions.

The initial relative humidity measurements dependhe initial water content of the blocks. Diffeten
blocks have different initial water contents asdofs:

Distance blocks and transition blocks: 21 + 1 %
Supercontainer end blocks: 17 £ 1 %
Supercontainer ring-shaped blocks: 11 + 1 %

As such, the initial relative humidity values measliwith the capacitive hygrometers differ as a
function of their position.

Distance blocks and transition blocks: In drift tswt 2, the wireless hygrometers measured
83.5% and the wired hygrometers measured 84.5% witedess hygrometers are located in
the inner part of the block. In drift section 7¢thygrometers measured between 81.9 and
83.5% independent of whether they were wired oebless. In drift section 9, only the wired
sensors provided signals at the beginning of thiewthich were between 84.3 and 83.5%.
Supercontainer end blocks: In drift section 5 thieedv sensors measured 73.9% but the
wireless sensors measured 83% (see Figure 7-8).

Supercontainer ring-shaped blocks (section 4)rilih skction 4 all of the sensors are wired and
measured relative humidities between 52.2 and 52.8%
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Figure 7-8. Early evolution of the relative humidity in driftction 5. Sensor WC-4 showed an initial
value under 83%. There was a general increase lative humidity due to DAWE. Drift section 5 has
a complex tubing system and it is possible thatthter flowed directly to the sensors and was later
drawn away.

The psychrometers started to be in range at difténmes. It depends more of the position in treckl
than the section.

The pore pressure sensors need to have acces® tevdter in order to make measurements, therefore
(long) delays between the moment the block rea&h8%o relative humidity and the moment the pore
pressure sensors start reading are not unusual.

The signals from the soil moisture sensors areepted in Figure 7-9. In some cases, signal deease

are observed probably due to initial cracking/exgi@m of the blocks. After some time, the signals
begin to increase due to block saturation. In otlases, the signals are continuously increasing.
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Figure 7-9. Evolution of the soil moisture sensor signals ifiedent sections. The sensor could be at
top or at bottom of the block. The best signalachesection has been chosen. 1722 corresponds to
section 2, 1008 to section 4, 1299 to section 20G8 section 7, 0480 to section 8 and 0286 ta@ect

9. Some sensors started measuring at 0.45 V andsigmal dropped and increased later. This
behavior could be due to water uptake during theAlBAand further drying when the water flowed
from the sensors to drier bentonite. The sens@antion 1 remained dry. In any case, it is clea th
sensors indicated that the buffer blocks were wgttlThe results must be analyzed carefully as the
sensors were installed in powder-filled cavitiesha blocks.

7.4 Movements

An assessment of the movements of the differenjpomnts may help to better understand the system
behavior as well, especially if there is any asyrmyni@ the saturation process.

The displacements measured on the plug face weresnt@ll to be accurately measured with the
installed sensors. The strain gauges on the phaydal measure increasing levels of strain.

The sensors for measuring displacements in Supioen have a range of £25 mm. This range may
be too small when taking into account the inst@faprocess. The initial measures in DS-1082-1, DS-
1082-4 and DS-1275-4 were more than 20 mm and O'S-B2nore than 25 mm. If the sensors are out
of the range, it is possible the signals are ngdorinear with the displacements. This issue can b
checked after dismantling and the sensors can balibeated if necessary. The displacements
measured by sensors DS-1275-2 and DS-1275-4 wergadectory. The measured displacements
could be due to movements of the sensors withiir thieginal block positions rather than any
displacement of the Supercontainer itself.

The sudden rotations indicated by the inclinomeitekgery early stages could be due to adjustments o
the blocks due to swelling once the gap was wited f

LUCOEX



7.5 Strains

No significant or abrupt strains on the Supercomiaiwere measured. However, such strains were
measured only near one end of the structure anthlsigas recorded from only two of the strain
gauges beyond a few days into the test.

The strains measured on the plug complement theunes from the total pressure sensors and from
the displacements sensors. Unfortunately, measusadphal was detected only with the strain gauges.
The strains are an indirect measure of the pressagainst the plug. It is possible to estimatequnes
values from the measured strains (Bendito and &nt2014).
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8 WIRELESS SYSTEM STATUS

The wireless transmitters were encapsulated in AspOctober 2013. After installation (Figure 8-1),
nodes 3 to 7 were functioning and nodes 1 and 2 wet. Node 1 has a RS-485 cable for sending data
to the MP-40 unit, so this node does not have es&®transmission problem. Receivers 2 and 3 were
also functioning.

Figure 8-1. Location of wireless transmitters (or nodes) andeigeers in MPT experiment (red-
colored instruments correspond to those from wkighal was lost after DAWE).

Nodes 3 and 4 failed on December 7, 2013 at 2226w hours after filling the gap and the pellets
with water. The reason could be due to the difficud transmitting wireless signal through watet bu
only the gap was filled with water and the nodesewsending signal for some hours after filling the

gap.

Receivers 1 (R-1) and 2 (R-2) were inspected iudgn2014 and the conclusions were that relay 1
did not suffer any electrical short, so the probles in the receiver/transmitter itself. Recei@efR-
3) was working well.

An attempt was made to recover the signal froonthgies by inserting an antenna through the pellet-
filling hole (Figure 8-2) on the plug face and cenfting it to a new external receiver. Two antenna
lengths were checked using two different rods (@8& 1.2 m length). No signals were detected. The
1.2 m length antenna was left in place and the Wakeresealed. Additionally, two boreholes (200 mm
deep and 20 mm diameter were drilled into the roekr the plug face (see Figure 8-2 for locations)
and antennas were inserted. These antennas wereoalsected to the external receiver. Signals were
detected with limited success.

LUCOEX



Figure 8-2.Photographic image of plug face showing locatiohpailet-filling hole (through which
an antenna was inserted) and additional antennaboles.

Nodes 5, 6 and 7 were working and sending signmal®3 days (until 20.03.2014). Node 4 started to
send signal on 07.03.2014 but also stopped on ZD03. The signals from the capacitive
hygrometers and pore pressure sensors becamerdingta 7.03.2014 in sections 2, 5 and 7.

Node 2 started providing signal on 29.01.2014 aodped on 05.02.2014. The displacement sensors
DB-0286-1 and DB-0286-2 gave constant signals. &anC-0286-1 provided constant signal. Sensor
WC-0286-2 may be malfunctioning.

The fuse of the MP-40 failed on 20.03.2014. Thes fuss changed but the unit was not functioning
correctly. It was sent to Aitemin and returned tepA after repairs. However, no signal is currently
being recorded. The reasons for this malfunctiorang not evident. The battery capacity should be
sufficient because the transmission frequency wasdurs and the battery duration should be four
years at this frequency. R-3 was working but is miiseonnected due to short-circuiting.
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9 CONCLUSIONS

The total pressure sensors in the rock, the p@sspre sensors in the rock, the capacitive
hygrometers, the psychrometers and the soil meist@insors appear to be functioning adequately.

The total pressure sensors in the rock are meassoime hundreds of kPa and their signal evolugon i
similar to that of the pore pressure sensors ik soggesting that these sensors are not measuring
bentonite swelling pressure except in section were the sensors are closer to the blocks anich are
contact with the bentonite, measuring swelling gues as well.

There are no significant differences between degdnocks, blocks inside the Supercontainer and
blocks in transition zone both in terms of the itpt@ssure development in the rock and in the
saturation process measured by the capacitive mgjays, psychrometers and soil moisture sensors.
The only differences are due to the position ofghtiration sensors inside the blocks: the closer
sensor is to the gap the faster is the saturatiocegs (as expected). Some unexpected rapid saturat
recorded by a few of the sensors at the beginniigeatest could be explained by to the presence of
cracks or damage in the blocks leading to direntax between the sensors inside the blocks wéh th
gap. This contact was then lost when the bentemriled, thus sealing the different flow paths.

There are clear differences in the evolution ofttital pressure measurements when comparing the
pellet filling and the bentonite blocks. This isriluted to the different behavior of the pelldiirig
when swelling.

The pore pressure sensors in the buffer are natumieg positive pressures yet. This is due to oing |
time necessary for filling all the experiment gapth water, including the bentonite pores and the

sensor cavities. The bentonite has an extremelyhimvaulic conductivity and the saturation of the
pores and sensor cavities will likely require soraears.

The sensors for measuring movements in the blooksiathe Supercontainer have provided some
information but due to complexity of the potentimbvements of KBS-3H components, it is difficult to
analyze the data. The installation of the KBS-3lhponents is quite complex and the sensors could
remain over-ranged after the installation. Theaitation of higher range sensors could avoid this
problem in future tests.

The strain gauges are a novel sensor for “in séats in nuclear waste management. They can provide
useful information from the early stages of the bas it is clear that the corrosion of the plugl dhe
saturation process in the Supercontainer will lmbl@matic for using these sensors in long ternstest
if they cannot be properly protected.

The extensometers in the plug have not measurediapfacement yet because the inner total pressure
is still very low. Extensometers with lower rangesparallel with higher range sensors could be
useful. In this case, a deep study about the displants expected in the plug should have been done
before the dimensioning of the test. The tool pegubin the next chapter for plug pressure cal@nati
could be useful in the future.

The wireless system was working as intended atvéry beginning of the test. Although the
transmitters were properly encapsulated and tragtebes calculated to run for 4 years at a meaguri
interval of 12 hours, most signals were lost durthg early stages of the test. The potential
advantages offered by this kind of system justify attempt made.
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The main conclusion gathered is that higher redooglas needed. For instance, by including
additional receivers or even just antennas conddoteedundant receivers. In this sense, the existi
memory card inside the transmitters for saving dlaga could provide part of the data lost when
dismantling the test.

For future experiments, transmitter operation cduddimproved if they collect signals over certain

periods of time and send them once per week omuenth, thus decreasing the battery consumption
and therefore extending their life. As the meagufirequency of the transmitters can be remotely
changed, the best approach could be to set avediahigh frequency (every 10 minutes for example)

for adjusting and measuring at the early stagesthan change to a lower frequency in order to
preserve the duration of the battery. If the trattemdoes not receive any order from the receivers
during a certain period of time (one day for exaypthe measuring period could be increased to
12-24 hours automatically.
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10 FUTURE ACTIONS

The gas pressure sensors in the gap have a rar&§ dfPa. In order to be able to measure the pore
pressure in gap and to discriminate the swelliregsgure from the water pressure, the sensors will be
changed to others with higher range.

The datalogging system will be reviewed. There smme sensors which are not reading and others
with strange behavior that should be checked, ristance, it could be possible to recover the total
pressure sensors in blocks (the ones manufactyrdér i eokon).

The sensors measuring displacements on the plegctadd be changed to those with lower range.

The pressures measured in the boreholes of segtsiould be compared with pressures measured
separately in other boreholes close to the driduih data exists. It should be taken into accthait

the boreholes in section 9 are close to a draen, (he drift) and it is possible that these pressmay

not follow the water pressure evolution of otherdimles which lie farther away.

The strain gauge data could be used to estimatmtiee pressure on the plug face (Figures 10-1 and

10-2). It is necessary to develop a computatiorallfor performing such estimates but this tool ban
used for future analysis.

Figure 1C-1. Plug discretization. Figure 10-2. Detailed mesh.
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