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1 INTRODUCTION

The aim of the DOPAS project is to address the design basis of and reference designs and strategies
for plugs and seals to be used in geological disposal fagilite The Czech experi ment
Pressure and Sealing Plugo (EPSP) is stwudying d
designs and strategs including compliance issues.

Laboratory testing will provide data for the numerical analysis BSE behaviour (WP5). The
laboratory and irsitu tests have been planned so as to include the verification of the quality of the
work carried out by subcontracting companies (rock permeability following rock improvement,
deformation and strength parametecencrete behaviour etc.) and to ensure that the relevant
parameters concerning the various rock and concrete plug components have been met in full.

Three groups of data are being produ¢ediput material parameters, material parameters from
verification testing (the occasional checking for possible changes as the project progresses) and data
from smaltscale physical models.

Report D3.17 presemtip-to-date results of laboratory testing related to the EPSP experiment. The
data presented in this version the report (by January 2014) was obtained by the Czech DOPAS
participants CTU i n Prague and BJV feg, a. s.

This report presents the interim data, which has not been fully quality assured and analysed while
the laboratory testing work ®ill ongoing. This report will inform to the DOPA&onsortium about
the status of laboratory work within EPSP and increase the possibility to discuss the achieved results
so far within DOPASConsortium. More comprehensive information on laboratory work done for
EPSP andhe final results will be reported within D3.21 Final laboratory test regfo&PSP, which
will be publishedn 2015.

Indicativetime schedule of the project works on ER8IRows:
1. Selection dtest locationNMS4): 2012

2. Preparing the test sifieclean up,engineeringnetworksinstallation(electricity, technological
water, data etwork, ligh, ventiation): 01-04/2013

3. EPSP constretion’i phasel i drift shape adjustmeninstrumentation boreholescl. sensors
connecting boreholdscl. casing/tubingrock improvement11/201304/2014

4. EPSP construction phase2 i plug erection, monitoring and technology installati®énS11})
05-09/2014

5. Pilot testing 09-12/2014
6. Monitoring and testig of plug 09201402/2016
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2 QUALITATIVE REQUIREM ENTS OF EPSP BUILDING MATERIALS

The qualitative requirements of EPSP materials were set out in the DOPAS Deliverable D2.1
Design Bases and Criteria report (White et. al., 20&igure 1 shows EPSP components and their
building materials.

Glass fibres will be used as the reinforcement element in the fibre shotcrete. The concrete blocks
which serve as permeable lost formworknay, alternatively, be made from aerated concrete. Czech

CaMg

bentonite ABentonit 750 (B75)

wa s

selected

section of EPSP, i.e. also as the raw material for pellet produ&itihis a Czech CHlg, factory
produced bentonite (raw bentonite is dried, milled aftddsito obtain required granulometry) was
extracted from deposits in Northern Bohemia and producéERAMOST, Plc.

Fibre _Concrete Fibre
shotcrete blocks shotcrete

FNIN /’/.\

oo

Injection
chambre
\74 A\
Filter Bentonite | Concrete
pellets blocks

-~ 28

3600

5450

Figure 1 - Scheme of the EPSP conceptual design. Dimensions are in mm. (DOPAS Deliverable D2.1)

The requiremets of EPSP materials according to DOPAS Deliverable D2.1 consist of:

1
T

The strength of the concrete shall be sufficient to withstand a maximum applied

pressure of 7MPa.

The emplaced bentonite B75 (mixture of pellets made of B75) shall achieve a density of

14Mg.m?.

The density of the bentonite seal is specified to achieve a swelling pressure of 2MPa

and a hydraulic conductivity of fm.s®.

The concrete blocks waklthall be constructed of reduced pH concrete, the same as for
the shotcrete. The pH of therayete has not yet been specified but is expected to be

below 12.

Grouting shall be required for 5m around the EPSP niche in order to reduce hydraulic

conductivity and to allow sufficient pressurisation for the test.
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3 CURRENT STATE OF LAB ORATORY TESTS

The bboratory testing plan and the relevant responsible persons are provided in the following table
according to DOPAS Deliverable 3.18esting plan for the EPSP laboratory experiment. The plan for

obtaining input parameters (chapter 4.1 eliierable3.16 Va § 2 | e k

@ is alsoshown. ,

In 2013 several series of initial tests on the bentonite, concrete mixture, rock samples and grouting
substances werperformed. Testing which should have been performed by the winner of a public

tender omMEPSP constructioh phase & (W1 in the table) has not yet been deliverElde results are

expected in April 2014. The results which should have been delivered by W2 (winner of the public
tender on EPSP constructibnphase?) are expected in mid014. The following table presents the

current status of laboratory testing.

Tab.1- Status of the tests

Responsi . . Testing ’
. Responsi Test and material . State as in
Material Parameter ble Test procedure/ Standard L period -
siiutien ble person conditions plan Dec. 2013
LSN CEN | SOKLT
11 Geotechnical
. investigation and testing - | compacted powder, .
Bentonite C?gg&iﬁuﬁ CEG CTU Vag? || Laboratory testing of soil - | dry densities 1100- 362;(/22%:51 Done
Y Part 11: Determination of 1800kg/m3
permeability by constant
and falling head
Testing without volume
i change, internal compacted powder, .
Bentonite Srv(;/tsa!:lr}ge CEG CTU Va g 2 | | description following Dixon | dry densities 1100- %%22%113"1 Done
p et. al., 1999; procedure 1800kg/m3
available on Projectplace
LSN CEN | SOKLT
11 Geotechnical Related to
. investigation and testing - pellets compacted . -
Bentonite Hydrath CEG CTU Vag? || Laboratory testing of soil - to dry densities 04/2014 pelletls/r’rlnxture
conductivity ) J 3 12/2014 selection; under
Part 11: Determination of 1100-1600kg/m reparation
permeability by constant prep
and falling head
Testing wnhput volume Related to
. Swelling . .C“?”gev |ntgrnal . pellets comp_af:ted 04/2014- pellets/mixture
Bentonite ressure CEG CTU Va g 2 || description following Dixon to dry densities 12/2014 | selection: under
p et. al., 1999; procedure 1100—1600kg/m3 e arz’ation
available on Projectplace prep
der -
Thermal pow .
. o - . compacted, dry 12/2013- Ongoing, by
Bentonite ﬁg:tdg;:tl;/::ti);, CEG CTU Vag?2| ISOMET 2104 device densities 1100- 04/2014 04/2014
pacity 1800kg/m®
LSN CEN | SO/3T
- Geotechnical
- investigation and testing - .
Bentonite SpEC!fIC CEG CTU Vag? || Laboratory testing of soil - powder 12/2013 Done
density . I 04/2014
Part 3: Determination of
particle density -
Pycnometer method
LSN CEN 1 SOk
12: Geotechnical
. Atterberg - investigation and testing - 12/2013-
Bentonite limits CEGCTU Vag?| Laboratory testing of soil - powder 04/2014 Done
Part 12: Determination of
Atterberg limits
LSN CEN 1 SOF1 Ongoing
. Hydraulic Vel er 11 Geotechnical dry densities 1100- 12/2013- IOV
Bentonite conductivity uv Gondolli investigation and testing - 1800kg/m3 04/2014 ‘t)ézltgncligig
Laboratory testing of soil
Del i veb3a.bll7e WeA si on n A1DOPAS 6/32
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Responsi . ; Testing .
; Responsi Test and material . State as in
Material Parameter ble Test procedure/ Standard L period -
insifiution ble person conditions plan Dec. 2013
Internal procedure based
on LSN CEN | - . ) Ongoing,
Bentonite ern?e?bilit uv VG?)ri dgllir 17892-11 Geotechnical dry iesnosolﬂe/s”il.sloo 1031//22(())1134’1 preliminary
P Y investigation and testing - 9 tests done
Laboratory testing of soil
. . Vel er dry densities 1100- 12/2013- .
Bentonite Porosity uv Gondolli Internal procedure 1800kg/m3 04/2014 Ongoing
Internal procedure based
. on LSN CEN | - ] ) Ongoing,
Bentonite Swelling uv Vel e r 17892-11 Geotechnical dry densities 13100 12/2013 preliminary
pressure Gondolli . S B 1800kg/m 04/2014
investigation and testing - tests done
Laboratory testing of soil
Bentonite Manufacturin L Selection of Czech pellets | mixtures of various Ongoing. b
(pellet g and mixture | CEG CTU GS§st producer with suitable pellets types/ 2013 Jangar 92,01y4
technology) selection manufacturing technology particle fractions y
Spraying and L mixtures of various 03/2013- Delayed,
compaction CEG CTU GS§st Internal procedure particle fractions/ 07/2013 expected by
field tests pellets types March 2014
samples taken
Thermal SR - Delayed,
Concrete conductivity, CEG CTU Vag?2| ISOMET 2104 device during |ns_ta||at|on, 09/2013- expected in
B according to 03/2014 .
heat capacity mid-2014
Standard
samples taken
. LSN EN 123960 A : Delayed
Compressive s j ) during installation, 12/2013- !
Concrete strength W2 (CTU) Vag?2| Testing of hardened according to 02/2014 expected in
concrete mid-2014
Standard
Static LSN 1 SO 6784 samples taken Delaved
Concrete modulus of W2 (CTU) vag? | Concrete. Determination of | during installation, 12/2013- ex ec'?l,ad i’n
elasticity in 97 | static modulus of elasticity according to 02/2014 p
h . ) mid-2014
compression in compression Standard
Static LSN |1 SO 6784 samples taken Delayed
Concrete modulus of W2 (CTU) Vag?| Concrete. Determination of | during installation, 12/2013- ex ec¥ed ’in
f 97 | static modulus of elasticity according to 02/2014 P
deformation ) - mid-2014
in compression Standard
Testing of
Composition ) Lo . cement paste
CEEED and pH of UV vel er Based on SKB report R Iea_chlng into 07/2013 and
12-02 distilled water 03/2014 .
leachate cement+SiO2
done
Concrete Hydraulic uJv Vel er Based on L SN cylindrical sample 07/2013- e?eel?r/eeg’in
conductivity ITS 17892 4 P 03/2014 p
mid-2014
Gas A 07/2013- Expected in
Concrete permeability uJv Vel er Internal procedure cylindrical sample 03/2014 mid-2014
. Mercury porosimetry/ water | external analysis / 07/2013- Expected in
Concrete Porosity uv veler immersion method cubes, discs 03/2014 mid-2014
Compressive
Hardened .
strength, Depth of 07/2013- Expected in
Concrete ctc:enstt:irrete W2 (UV) veler LSN EN 123 penetration of water 03/2014 mid-2014
[¢] under pressure
Influence of
Grouting ; | Internal procedure for groutllnlc“]/pllug 05/2013- alkaline waters
substances Interactions uv Veler interaction processes matenas/p ug 06/2015 on groqtlng
environment material -
preliminary test
) LSN EN -Nauzsh Delayed,
Rock Compressive w1 Dvo$5§K stone test methods - drilled cores 5/2013- expected in
samples strength (SURAO) Determination of uniaxial 7/2013 pe
) April 2014
compressive strength
. LSN 1 SO 6784
Static ! L Delayed
Rock wi 4 Concrete. Determination of ) 5/2013- !
samples modulus_of (SURAO) DvoS§K static modulus of elasticity drilled cores 7/2013 expected in
deformation . ) April 2014
in compression
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Responsi . ; Testing .
; Responsi Test and material . State as in
Material Parameter ble Test procedure/ Standard L period -
institution | P'€ person conditions olan Dec. 2013
Delayed
Rock ’ w1 4 e. g. LSN CE ! 5/2013- !
samples Density (SURAO) DvoS8K 17892-2 drilled cores 7/2013 expgcted in
April 2014
Changes in rock Delayed,
Rock Permeability uJv Vel er permeability due to drilled cores 07/2013- expected in
samples ) 03/2014 -
grouting, April 2014
. preliminary
Rock . Mercury porosimetry / externa[ analysis / 07/2013- | tests; Delayed,
Porosity uv Vel er A . cubes, discs of plug A
samples water immersion method material 03/2014 expected in
April 2014
Rock massif Modulus of Wi DvoSgK Loading plate 1 field test (testing 5/2013- eEeégl:t?’in
deformation | (SURAO) gp niche) 7/2013 pe
April 2014
Rock massif Modulus of w1 Dvo$5§K Menard presiometer test, field test, 2 5/2013- eEeégl:t?’in
deformation (SURAO) Eurocode 7- Part 2 boreholes (5m long) 7/2013 Agril 2014
. ) Delayed
. Hydraulic w1 4 ’ field test, 5 5/2013- ;
Rock massif conductivity (SURAO) Dv o S8 K Hydraulic pressure test boreholes (5m) 7/2013 e:SﬁIC;%dlzlln

CEG CTU- Centre ofExperimental GeotechnicBaculty of Civil EngineeringCzechTechnical University in Prague

W1 i winner of public tender ofiEPSP constructioiii phase dwork
W2 i winner of public tender ofEPSP constictioni phase 2work
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4 RESULTS OF LABORATORY TESTS

The following chaptes present the latest results obtained from laboratory te@iingpecember
2013) The work performed is presented in the form of chapters according to the institution
responsible for delivery.

The bentonite materidlabelled as B75 2013 was selected fdret DOPAS EPSP seal. B75
Bentonite is a Czech @dg industrially milled and sifted neactivated bentonite. The B75_2013
material was supplied in 2018he laboratory tests were performed on the material in order to verify
its properties. In some cases tesults of B75_2010 testing were used for comparison purposes
(B75_2010, i.e. B75 material supplied in 2010, examined in-20001 3 , e. g. Lervinka &
2013 and Le20OMi nka et. al .,

Type of wat er SGW-sgthetidglaretid waa n fdr/compasitiofi segab.2) used
during the laboratory tests is indicated in eachchdpter. The distilled water has been used when
required by the standard (testing method)when results comparable to fornmres werevanted
Laboratory prepared SGW Ha vl ov § e tis baded on azsftktizgl evaluation of the
composition of the groundwater of Czech granite massifs for deptB®@bneters.In some cases
tests withi J o greundwatelcollected in viciniy of the EPSP driftareplanned.

Tab.2 - Composition of SGW Synthetigranitic water (mg/l)

Na

Ca

Mg

Cl

SO,

NO;

HCGO;

10.6

1.8

27.0

6.4

42.4

27.7

6.3

30.4

4.1 Work performed by the Centre of Experimental Geotechnics, CTU in Prague

The basic laboratory tests were aimed at the estimafitme specific density andté&rberg limits
of the bentonitepowder. This was followed by the determination of hydraulic conductivity and
swelling pressure with regard to compacted samples (several dry density VRis&d water was
used for all tests.

The testing of the mostparopriate technology for the manufacture of the pellets, in cooperation
with potential Czech producers, was carried out from May to November 2013. Tests aimed at
determining the most suitable mixture for spray technology purposes are ongoing. Thetivarifita
the technology to be employed for pellet emplacement (a combination of plate compaction and
spraying) is planned for early 2014. Large testing cells used for the estimation of the hydraulic
conductivity and swelling pressure of the pellet sampta® been constructed and initial testing has
already commencedistilled waterhas beemsed

4.1.1 Laboratory tests on bentonite

f The average of measured values of specific density is 2.855g/cm

1 The average liquid limit value was found to be 171% using @idtilvater for test purposes.
This value falls within the anticipated liquid limit range.

1 The swelling pressure of bentonite B75_2013 is in the range of approximately from 1 to 8MPa
for a dry density value of 1.26.64g/cn?. The dependence of swelling prassan dry density
is shown inFigure 2. The value of swelling pressure for a dry density value of 1.4g&m
2MPa which indicates thaswelling pressure behaviour corresponds to the initial
assumption(see Chapte2; taken from DOPAS Deliverable D2 W/hite et. al., 20183

n A 1DOPAS 9/32
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f The hydraulic conductivity of bentonite B75_2013 is in the rang€ 100"%m/s for a dry
density value of 1.28.64g/cnT; the dependence on dry density is showrFigure 3. The
hydraulic conductivity value determined corresponds to the initial assumption(see
Chapter2; taken from DOPAS Deliverable D2 \iyhite et. al., 2013

10 4 '

Swelling pressure [MPa]
o

11 1.2 13 14 15 1.6 1.7
Dry density [g/cm?]

Figure21 Swellingpressure of bentonite B75_2013

1E-11 1

1E-12

[

1E-13

Hydraulic conductivity [m/s]

1E-14

11 1.2 1.3 14 1.5 1.6 1.7
Dry density [gicm?]

Figure 3 - Hydraulic conductivity of bentonite B75_2013
4.1.2 Comparison of B75_2013 with other Czech bentonites

This chapter provides a comparison of the geotechnical parameters of bentonite B75_R@13 wit
selection of other GMg bentonites from the Czech Republictivated bentonite SAB65 (Sabenil
65, produced bKERAMOST, PIc), which is characterized by significantly higher liquid limit and
swelling pressure and lower hydraulic conductivity valwess also subjected to comparison.
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It was verified that bentonite B75_2013 attains values of hydraulic conductivity and swelling
pressure typical for Gilg Czech swelling clays{gure4 andFigureb).

Hanul 8k oavngd,

Swelling pressure [MPa]

20 -

18

16 1

14

12

10

The liquid limit value of B75_2013 lies between that ofMg bent oni t e fr om
locality and gently (accidentally) activated B75_20E®y(re 6; more on B75 2010
[2e0r1v3i nka et . al ., 2012).
Sab65 ,"I
/I
[}
« Green — A Cernyvrch
Sy O Rokle
0O Green clay
< SAB 65
X B75_2010
@®B75_2013
IR Cerny Vrch Ja
\ oSl
T\ ke
=]
1.1 1.2 1.3 1.4 15 16 17 1.8 1.9

Dry density [g/cm?]

Figure41 Comparison of the swelling pressure of B75_2013 and other Czech bentonites
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Figure57 Comparison of the hydraulic conductivity of B75_2013 and other Czech kieaton
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Figure 6 7 Comparison of the liquid limit of B75_2013 and other Czech bentonites
4.1.3 Pellet manufacturing technology and quality verification

4.1.3.1 Pellet production

The aim of this part of the project was to find Czech producedssmbnite pellets of a sufficiently
high quality level and the production capacity needed for EPSP purpgbsesolved establishing
contacts with various potential industrial partners in order to verify the quality of their products, i.e.
the detailed t&ting of the relevant properties in terms of use in the EPSP seal. The key issue concerned
attaining the ideal dry density level following pellet emplacement, the verification of which concerns
the use of a range of techniques: free fall pouring, vibrasipraying and plate compaction.

B75 is produced in powder form which is not ideal for sealing plug purposes due to the low level of
compaction. Therefore, the first stage involved the selection of the best compaction technology
commercially available irhie Czech Republic. Eventually, three technological processes were selected
for further consideration.

The first method originated from a factomhich produces compacted kaolin clay pellets (cylinders
with a diameter of 12mm) by meamd a roller compactio machine. A numbebf tests were
conducted concerning the manufacture of the bentonite pellets, the main aim of which was to
determine the conditions for the industrial compaction and production of the bentonite pellets with the
most suitable dry densityalue. The final dry density of the compacted pellets depends on the water
content of the material; B75_ 2013 bentonite had to be moistened prior to compaction. The relationship
of dry density and various water content levels is showkigare7 ( GS§st ka, 2013). Su
material with a water content of around 16% was selected for further experimental testing. The pellets
selected from this producer, cedamed B75 PEL_12, have a diameter of 12mm, a length of up to
4cm Figure8) and a dry density value of 1-8085g/cn.

The second compaction method was based on a small roller compaction machine which produced
bentonite pellets with a diameter of 8mm. This method, however, was not selected for &stihgr t
due to the low level of bentonite compaction and the amount of time required for production.

The third method considered (employing a roller mill) was the result of consultation with a Czech
bentonite production company which was followed by lalmoyatesting. The pelletdragmentsof
highly-compactedentonite plateproduced employing thigrocedure are not available commercially
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but the machinery involved is in common use. Laboratory testing revealed a good level of compaction
(dry density 1.70.98g.cn?) with a relatively low water content value. The advantage of this
technology is theproduction of pellet fragmentwith various sizes. lallows mixing in various
proportions in order to achieve the best dry density value following emplacementesulting
material was codaamed B75_ RECHgure 9). A comparison of the dry density and water content of
selected B75_PEL 12 and B75_RRé€lletsis provided inFigure 10.

2,0 -
1,9 -
1,8 - Foney p

1,7 - b1,
1,6 - -

1,5 - .
1,4 1
1,3

Dry density p, [Mg/m?]

14 16 18 20 22 24 26 28 30
Water content w [%)]

Figure 77 Range of water content and dry density values of compacted bentonite produced by the roller
machinei the red dots show B75_PEL_12 selected for further development

AEEEMTRRNATRRARNNAY

Figure81 Compacted bentonite pellets B75_PEL_12 fromthéed er compacti on machine

Figure91 Compacted bentonite B75_REC
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Figure 107 Comparison of the dry density and water content values of selected materials B75_PEL_12 (red
dots) and B75_RE (black dots).

4.1.3.2 Pellet emplacement

Tests for the verification of dry density following pellet emplacement on mixtures based mainly on
B75_REC are ongoing. One of the samples was mixed according to the Fuller grain size distribution
(here without fine parties below 0.5mmmax. grain diameter 15mni codenamed B75 REC_F.
Particle size distribution of pelletsadefrom B75 2013 follows inFigure 11.

100 — - — =
80 | MRS AT S LR S

60

40

Percentage of weight [%)]

B75_REC_F

20

0 ——— ol .
0.01 0.1 1 10 100
Grain diameter [mm]

-#-B75_REC

Figure 1171 Particle size distribution of pellets from B7®13

Three types of technology are being tested for the emplacement of the selected materials
(B75_REC;B75 REC_F; B75PEL_12): free fall pouring, free fall pouring with vibration and
spraying using a concrete spray machine. Initial results revealed thaetimfpcompaction and the
technology used on the dry density of the tested mateTiaths3).

A combination of imsitu plate compaction and spraying is anticipated; therefore plate compaction
tests will have to be conducted.
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Tab.3 - Dry density results [g/cfhfollowing initial tests concerning compaction

Material/ Technology Free fall Pouring with Spraying Compaction
pouring vibration plate
B75_REC 1.11 1.20 1.32 Not yet tested
B75 REC F 1.39 1.55 Not yet ested Not yet tested
B75_PEL_12 0.98 1.12 No tests planned, No tests planneg

It is clear fromTab.3 that B75_REC F is very close to the required limit for emplaced dry density
1.4g.cn? - using the free pouring method. Vibratidaring emplacement increases dry density up to a
value of 1.55g.ci It is expected that spraying and/or plate compaction will also increase the value of
dry density in the case of both the free fall pouring and/or vibration methods. The results were
corsidered particularly satisfactory and it was concluded that the use of the B75_REC F mixture for
EPSP purposes should ensure a sufficient level of dry density within the bentonite seal.

The above parameters are comparable to the results obtained anstihgidns.Figure 12 shows
the experience obtained to date in the emplacement of bentonite pellets by, particularly, SKB and
Posiva (Dixon et. al., 2011).

Del i veb3abll7e VheAr si on n A1DOPAS 15/32

Dissemination level: PP
Date of issue of this repo27/2/2014

EURATOM



“PSIEINDfED JoU QW3 OS paulsp jou Abofessuill — ¢

3juoluaq GZ1'0 >0 %0} >
B800T YoSNd PUB SNIBWIA "W 05}~ SSaUNIIY) Jake] [ewndo 100y uo pajedwod mis uj 0sc'h MEJ PaYsNI) pue ww 0g > sajnuesb odjauI
buoj 0z-5
800T Usnd pue Sniswim 100y UO PSPEWOd NYIS U] 896 0sk'E uoisnax3 epGg silied 380 1960G30
|euiey Buuiool4 jauung
“sajnuelb Joj 321n0s se
800Z S8U4 '000Z PION  SH201q §OH Paysnud Buisn sjews Juawadeld [3uun) [BJUOZUOH 00Z't 06€'t G0H Buysnu) sajnuesb abie BuiuoAm
“s3jnuesb Joj 32iN0S se
$00Z S8U4 '900Z PION  $201q §OH Paysmnud buisn sjew) Juawadeld [suun) [BJUoZUoH  OZE'L-0SZ'L  0LS'1-OvP'L gOH buysnu) Spus|q BnuLID BUILIOAM
(2002) sepenH pue euejjued-sajuang "196uIy/1043AU02 Aq pajjEISUl 3HUOJUSG BN-BD ¢ 00v'1-00€'L 00L'b 1310y X3834
800Z SaU4 '900Z PION "UOReyeIsUl Jabne ‘pua)q a2is Z pue sapanbuq JabIE pausrud  69%'1-60F'L  01S1-0SY'L 0LL'Z  PaAUSNUD Uay) JaRoYy Tv0iL< ejeuss
GO0 fe 12 Jofep  “uoneyejsul Jabne ‘pus|q azis ¢ pue safanbug sabie| paysud 8IE'L 09€'s  OEL'T-0LL'T  Pausnid uay} Jajoy +0'L< ejleuss
jo8loid Z snyddeg
9661 JBILSG PUE LSENIIOA uonoedWOd AIOJRIGIA ¢ 00L'} 004T 1310y AetD woog ‘8004
Pa1EdWOod0IGIA 009't 068'L
900Z JEIIIA PUE paqu| Jnod 8s007 |0 18l0id [easay xiw Japmodpeliad 05/05 12 00v'L 068’1 E GIxGZxGT e004
9661 JaILag PUE UIBPI0A Z snydoeg sapmod pue sjajiad Aep woog 05/05 é 00L'b 0oLz 1310y Aepd woog
L00Z uoxig pue ouruey TN 18 sdn-ypow buiyyoeg 096-005 009'1-056 G> xw ajebaibbe-apuojusqg
800 I€ 10 oullie ‘uawyadx3 buesgs [suuny ul pasn Ae[jous 69 00¢'L 006'}> S¥201q paysnI) G> PUES 9%0€ 361N %0.
B800T U2sNd Pue SNIBWIM "BULIOOY [3UUN) ‘BHUCJUBG MBS PBUSTUD (714} 09€¢'} paysnio 01> SOIN
q'eg0T Ie 18 uoxIg ‘sjeu) Suiyoeq ul deb ¥o01-%00|q ||y 0} pasn 126 0014 paysniy 0L > SOlIN
Buoy 02—
600C uauoNIRy 'S}S8) 81eIS-|ouaq Ul pajiesul T08-1LE L6 -ELY SJ3puUNkd peprux3 epGo 350 1960gad
£800Z "[e 13 uoxig 'SIs3} ajeds-jews ut ||y deb yooryooig 966618 0811066 Buoy 0z-5
q 'eg00Z 'I€ 1@ uoxig 'S58) B[BIS ¥, Ul || deb 20542019 Z06-€8. 080’1056 018'}  SJapufd papnux3 ep g9 380 1960gaD
buoj 0z—5
800Z [e 18 uspues “uofeuluaiap Alojeloqe L £v6 0ZL'V  siepuikd papnax3 epG9 35D 1960gad
800C [e 10 ugpues “uoeulwalap Aiojeloge] €16 010's GL0T-S66'F px@xB~ sayey /ssjnuelo puejpau
800Z [€ 19 uspues “uofeulwaiep Aoyeioge] 191 [43:] 08L'} 13110y 8x81xgl 08-XW
"P3IEIGIA 10U 'S}S8) e 0FL'1-016  OEE'L-060'}
“uonoedWOod UONBIGIA
pue sjaj|ad paysrud papeib-sing Ww oZ > buisn sisa) qe GEV'L 0z9's
"uojoedLIOd UOREIGIA 0zZET pausalds pue
200Z Swepy pue Bujunig  pue sj9||ad paysrud papesb-1afing ww 9| > buisn sisa) ge  00F'1-0SZ'L  065'1-OvP'L 0LL'T  PBYSIUD uay) Jajoy 08-XW
8002 [e 18 %208 aQ co8 ov0't 08-XW
100Z '€ }3 uossJeuuns painod Aig 0zL's 01E'L 0L6'F  PBYSNII PUB JBHOY  XIW 0SI0G 9xELxEL 08-XW
1L00Z [e" 18 uossieuuns 1531 Bnid pue [yyoeg S5L 0z6 iy Z1x0Tx0E 08-XW
100Z [€ '}@ uossJeuung 759) Onid pue ippoeg  G10'L-8Z8  SEL'I-0S0'L  0L0'T-0I6'L B0y 9xELxEL 08-XW
(pwBy) (gw/Bxy)
(w/By) Ausuag Ausuag powpan (ww)
2duaiaj0y powap uondedwo) pue sajoN aawa  Aig payesu figiaed  uononpoid 19iied 221§ 19)19d 1euajen

“(ypm ww oo} < sBujuado)

S|euajewW JOO [2UUN] SE pue |[1pjoeq [2uun) uonisodap ul paulwexa spua|q 13|j2d-ajnuelB pue sajnueiB ‘sia|jad ajuouaq jo sanisuap padsejd-se pue saiuadold "g-Z 3|qel

Figure 127 Experience of pellet emplacement @ixet. al., 2011)

16/32

n A 1DOPAS

on

v eD3a.bll 76 VheAr s i

Dissemination level: PP

Del

i 4

Date of issue of this repo27/2/2014

EURATOM



41.4 Conclusion of CTU work

It can be assumed that B75_2013 bentonite fulfils the requirements set out in D2.1 Design Bases
and Criteria (see Chapt2yDeliverable D2.1, White et. al., 2013):

1 the required swelling pssure of 2MPa is achieved when the material is compacted to a dry
density ofl.4g/cm’®and more,

f hydraulic conductivity of 1&m/s® is achieved when the material is compacted to a dry
density slightly below 1.3g/cthand more,

1 The selected mixture of btmite pellets (B75_REC_F) provides a dry density level very
close to the required density of 1.4gftrfollowing free fall pouring (1.39g/ci) and a
noticeably higher dry density level in excess of the required density limit following pouring
with vibraion (1.55g/crit). Furthermore, it is expected that spraying and plate compaction
will also increase dry density values to above the limit.

Thus it can be concluded that the above geotechnical results promise sufficient dry density levels
and, thereforehie required geotechnical behaviour of the bentonite seal in the EPSP experiment.
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42 Work performed by DJV feg, a. s.

4.2.1 Laboratory tests on bentonite

The material used for the construction of the plugs and the laboratory physical models as well as
for further testing will consist of commercially produced Bentonit 75 (B75) suppli&ERAMOST,
Plc., Czech Republic. This product follows on from the materials studied in previous research focused
on barrier materials for deep waste repositories, the parameters of which are described in a report (in
Czech only) entittediShr nut 2 i nddiemma ®hooskvbfen2 bentonitu R
fyzi k8l né- Sumhmary informationi on the effect of the chemical composition of Rokle
bentonites on chemical and physical properties.

The B75 material is currently undergoing laboratory testing. Expatsr@med at the study of
chemical and mineralogical composition, leachate analysis, the determination -ekclamge
capacity etc. are underway or planned for the near future. Data obtained to date forms part of the
Czech report. Physicalropertieswill be subjected to detailed testjinig particular: porosity at a
defined compaction level and permeability to water and gases of a sprayed/compacted sample
prepared from pellets and powdered bentonite. The preparation of these samples is planned for early
2014. The samples currently being tested were prepared from powdered bentonitbi®vEs used
to verify the measuring methods ansked devices.

The results of an internal report concerning those bentonites to be used in the plug can be
summarised as falvs: the literature survey revealed that minor differences exist between two local
sources of bentonite in the Czech Republic, i . e
Rokle) and the Lesk® st Sedohod&z?% rwd) Thadiferences e gi on
can be found especially during visual inspection of the raw bentonite saimpiesinor differences
can be found in chemical composition (especially in the total amousbditim, potassium and
calcium) Nevertheless, the mineralogl composition and crystalhemistry of the bentonites from
these two sources as well as the amount of montmorillonite present are very similar, as reported by
Fran]| e, n the Q@sent time, the factgoyoduced bentonite Bentonit 75 (B75) is slightly
different from previously teidied bentonite coming from the Rokle depdsfraw samples and also
factory-produced B75), se€ab.4 which shows a comparison of the chemical areslysf bentonite
B75_2010 produced in 2010 (used in previous projects) anermenB75_ 2013 produced in 2013
and being used in this project. The testing of pellet production was perforniBtbof013by CEG)

Differences in the properties of the two materials (free swelling, ionic form, pH of the suspension)
could be the result dhe processing technology thre different sourcef the raw bentonitédifferent

deposit or a different part of the same deposit). A comparison of the leachate pH of these two
materials in distilled water is provided frab.5 which shows the suspension pH results for different
solid/liquid ratios after 28 days of exposure. The armslys leachates of B75 in distilled wateen
performed for bentonite samples from 2010 and 2013 with different solid/liquid ratios. As can be seen
in Tab.6, the concentration of Nan B75_2013 leachates is significantly lower than in B75_2010.

The processing technology has bédentified asthe main factor affecting the properties of B75
produced in recent years. It wésund that partial activation and/or contamination caused by the
presence of an activation reagent affect the composition of the water suspension or water leachate,
cation exchange capacity and bentonite pore water composition. The chemical compodtien of
B75_2013 (the material chosen for the verification of selected parameters) sample was found to be
different from samples studied previouslyespecially in the amount of total sodium, calcium, iron
and carbon/carbonates (Skb.4).
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Tab.4 - Chemical analyss of bentonite B75; comparison of materials produced in 2010 (B75_2010) and

Tab.57 pH values of the B75 leachate; comparison of materials produced in 2010 (B75_2010) and 2013
(B75_2013) at differersolid/liquid (s/l) ratios, contact time: 28 days

2013 (B75_2013)

wt % B75_2010 B75_2013
SiO, 51.91 49.83
Al,03 15.52 15.35
TiO, 2.28 2.82
Fe,O; 8.89 10.9
FeO 2.95 3.74
MnO 0.11 0.09
MgO 2.22 2.88
CaO 4.60 2.01
Na,O 1.21 0.67
K0 1.27 1.05
P,0s 0.40 0.63
CO, 5.15 3.66

s/l ratio B75_2010 B75_2013
18.6g/I 9.65 9.52
125g/1 9.34 9.22

Tab.61 Chemical analyss of B75 leachatesconcentrations of major cations. Comparison of materials
producedn 2010 (B75_2010) and 2013 (B75_2013) at d#ife solid/liquid (s/l) ratios

z/'(rf‘;'/‘:) 18.6l 27.9g/1 37.2g/1 62.5 g/l 100g/1 125gl
B75_2010
Na 93 96 132 190 255 260
K" 5.6 7.0 7.9 10.8 11.6 11.6
Mg™* 0.54 0.88 1.10 1.70 2.20 2.90
c&* 1.91 1.94 2.07 2.19 2.06 2.77
B75_2013
Na' 57.9 80.1 85 81.7 123.7 123.5
K 8.7 9.3 9.1 8.0 12.4 12.6
Mg™* 3.7 2.5 2.4 3.3 4.1 3.6
cg' 1.8 2.1 2.5 2.9 3.4 2.7
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Water permeability tests

Laboratory equipment to be uskxnt water permeability testing purposes was successfully verified
by means of a preliminary test orspecimen of saturated bentonifégure 13 shows an illustrative
test of water permeability through B7Z010 bentonte powder (dry density 1.2g/émpressure
gradient 4bar) in which a hydraulic conductivity valueabbut3.6] 17'6m/s was obtained. A test set
of samples of powdereB75_2013bentonite compacteth 1.4g/cmi was prepared for further study.
This valuerepresentsthe (lower) limit dry density of the materialvhich it is supposedwill be
achieved by spraying artle compactbn of thebentonite pellets and powdtar the construction of
plug in situ. Thee samplesare fully saturated andvater permeability andas permeabilityestsat
various pressure gradients will benductedThe gessure range will be specified on the basithef
permeability teshg of the grouted rock irthe plug construction niche. At the beginning of 2014 a test
involving spraying andhe compacton of bentonite pellets and powder will be performmsd CEG.
The preparation ofest sampleg¢i.e. sampling from thiventonite barrieitself) will be followed, for
which bothspecial equipment aral newsampling procedurare currently in te developmenstage
The sampling ofthe bentonite barrier during th@ug construction processas also considered so as to
obtain athorough characterization of thigrt of theplug. All of the abovelatawill be theinput for
the modeldescriptionin WP5.

In January 2014 permeability testemmence on fullysaturated samples of bentoniteterials
(dry density 1.4g/cth as is expected ithe experimentalplug). B75 2013and Sabenil 65 (S65)
samples are currently being tested for water permeabilitiffatent hydraulic gradients. The first run
involved the testing of S65 samples (1.4gich®mm long) at @ressure gradiemtf 2MPa. After the
equilibration the attainment of a steady state, the gradient will be gradually increased to 7MPa in
gradient step of approx. 3, 5 and finally 7MPa. The same test procedure will be applied ta®7
samples (1.4g/ct of different lengths (5, 10 and 15mn®ynthetic granitic water was used for all
permeability tests.
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Figure 131 lllustrative test of water permeability througispecimen of B72010bentonite powdefdry
density 1.2g/cfh pressure gradient 4 bars)
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4.2.2 Laboratory tests on grouting materials

Beforethe construction of the pluthe surrounding rocknust begroutedin orderto ob&in low
permeabilityof the rock mass. Interactiomgth alkaline solutions released from the concrete barrier
of the plug night lead to the degradation of the groutiangd thus the mass tife grouted rockcould
be affected. Due tdelays caused bthe sub-contractortender process ambmplications involving
drilling and grouting work beganat the end of 2013Therefore it has not been possible to date to
obtain asample of injection materials directly used in the workitn. Consequently testing hagédn
restricted so far tsimple interaction tests on general polyurethane based grouting matejesison
materialsamples have bedested in two forms: hard compact and foam {Sgare14). The samples
were immesed in solutions cadditionallyalkalisedSGW (pH up to 13) andnonitored over théong
term. It was found that thenteraction of both forms of material with alkagisolutions is minimal and
has no visible effect on the nature and structutbedrouing.

(I § Y M § ¢
... C D
11 12

R w0
e F
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Figure 141 Samples of polyurethafmsed grouting materials

4.2.3 Laboratory tests on concretetement

One of theimportant quanties of the concrete materialsedin the construction othe plug
consists othe pHvalueof the extradieachate The requirenent s that the concrete mixtustould be
"low-pH concrete", which generally meaastractpH values of ~ 11.5 or less. The recommended
procedure fothe pH determination of lowpH leachatefrom concretes is describedtime SKB R12-
02 report Development of an accurate pH measurement methodology for the pore fluids of low pH
cementitious materials (Alonso et. al., 20IMe P J & previousexperience with the preparation of
low pH leachate cement mixtures athe experence ofa commercial producer of concrete mixtures
for building purposes were usaddeterminingthe first proposalor the concrete mix composition for
the construction ofthe concrete parts othe experimental plug. The cement mixtufermerly
developedboy BHBJIV achieved a pH | evel of < 11 in the
commercially produced materialswaspH~12Bae7) . Al t hough the mixtures
exhibit low pH leachate, due todin low compressive strengtheyare unsuitable for practical use in
constructiorprojects All cement/ concrete pH testing are performed by using distilled water.

A redudion in the pH of the leachate ofthe cement mixturecan be obtained by theartial
replacement ofhe cement by another typge binder; it can alsdbe modified by increasintpe ratio of
fine SiG, (microsilica/silica fume) to the cemeodntent A study of leachate pH changes for cement
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mixtures with the partial replacement of cement Inetakaolinhas beempreparedn cooperation with
CEG.

Measured pH extractesuls for mixturestested with the partial substitution of cement by
metakaolin (various ratios) are presentedab.8 andTab.9. A comparson ofthese resultsith the
pH values ofa cement paste leachate (pH approx. d8arly confirms that the addition of metakaolin
decreases leachate pH valudis.can be seen that the replacement of cement by méiakao
significantly reduces the pH of the extracts after just 1 month of cement mixture ageing. Other
additional samples will be tested over a longer period of time. However, the negative influence of the
addition of metakaolin into the cement mixture ntaysea decrease in strength; this parameter has
not yet been tested, but the behaviour of samples used in their preparation of powder form for analysis
of pH would seem to indicate that a decrease in compressive strength can be expected. Experiments
confirming the timedependent behaviour of the leachate pH of a cement mixture with g0
ongoing. According to information available on the practical experi@Payet et. al., 20)Jresented
at a recent project meetimiH values decrease after a longer tipggiod. With regard t@enerally
used ageing period of 28 days, this time is not suffidienthe full development of the chemistry of
the mixture Decrease in pttan be expected within geriod of approximately 6 weeks or longer
Confirmation experimets have commenced involvingnaterials from the Czech Republithe
experimental resultshown inTab. 11 and Tab. 12 indicate that adecreaseén pH value is time
dependentThe exgriments are ongoing aridture developmentén terms ofleachate pH values will
be closelymonitored over timeThe results confirnthe findingsby Poyet et. al. (2033f and can be
applied tathe materials of local origin used iniiproject.

Tab.7 - Comparison of the pH leachate values of various types of cement and concrete mixes. MiRture T
T-23 and P1 were developedy B J V, -thand $2repetisonobSK-1 and SK-2) are amples of
selected commerciallyroducedconcretes

sample pH - suspension| average pH pH - filtrate average pH
10.94 10.78
T-22 10.88 10.9 10.80 10.8
10.89 10.79
10.83 10.75
T-23 10.80 10.8 10.76 10.8
10.79 10.76
11.91 11.94
S-1 11.93 11.9 11.96 12.0
11.89 11.96
11.93 11.94
S-2 11.95 12.0 11.95 11.9
11.98 11.93
11.85 11.73
S-K-1 11.85 11.8 11.77 11.8
11.84 11.79
11.99 11.89
S-K-2 11.97 12.0 11.96 11.9
11.97 11.99
10.98 10.85
P-1 10.96 11.0 10.77 10.8
10.96 10.75
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Tab.8 - Leachate pH values far paste withthe partial replacement of cement with metakaoliatio of
cementmetakaolin/water = 170/30/100

mixture
CEM II/A-S 42,5R (g) 170
metakaolin (g) 30
water (ml) 100
after 1 week
sample sample (g) water (ml) pH suspension pH filtrate
15 15 13.14 13.09
170-30 15 15 13.09 13.1 13.12 13.1
15 15 13.11 13.12
after 1 month
sample sample (g) water (ml) pH suspension pH filtrate
10 10 12.57 12.54
170-30 10 10 | 12.56 126 [ 1259 12.6
10 10 [ 12.56 [ 12.58

Tab.9 - Leachate pH values fa paste withthe partial replacement of cemenitith metakaolinyatio of
cementfmetakaolin/water = 150/50/100

mixture
CEM II/A-S 42,5R (g) 150
metakaolin (g) 50
water (ml) 100
after 1 week
sample sample (g) water (ml) pH suspension pH filtrate
15 15 13.05 13.08
150-50 15 15 13.01 13.0 13.05 13.1
15 15 [ 1298 13.06
after 1 month
sample sample (g) water (ml) pH suspension pH filtrate
10 10 12.42 12.24
150-50 10 10 [ 1238 12.4 12.25 12.3
10 10 [ 1244 12.30
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Tab. 10 - Leachate pH values fax paste withthe partial replacement of cementith metakaolin;ratio of
cementmetakaolin/water = 10@4/00/100

mixture
CEM I/A-S 42,5R (g) 100
metakaolin (g) 100
water (ml) 100
after 1 week
sample sample (g) water (ml) pH suspension pH filtrate
15 15 12.93 12.89
100-100 15 15 12.92 12.9 12.91 12.9
15 15 12.88 12.88
after 1 month
sample sample (g) water (ml) pH suspension pH filtrate
10 10 12.18 11.94
100-100 10 10 12.16 12.2 11.97 11.9
10 10 12.14 11.90

Tab.11- Leachate pH values for pastement + SiQ ratio of cement/ Sigwater = 100/100/200

mixture

CEM II/A-S 42,5R (g) 100
SiO2 (g) 100
water (ml) 200

after 2 weeks

sample sample (g) water (ml)r pH suspension t pH filtrate
10 10 11.99 11.96
100-100-200 10 10 11.98 12.0 11.95 12.0
10 10 12.01 11.96
after 3 weeks
sample sample (g) water (ml)t pH suspension t pH filtrate
10 10 11.98 11.88
100-100-200 10 10 11.97 12.0 11.87 11.9
10 10 11.98 11.89
after 5 weeks
sample sample (g) water (ml)t pH suspension t pH filtrate
10 10 11.56 11.31
100-100-200 10 10 11.50 11.5 11.33 11.3
10 10 11.50 11.30
after 7 weeks
sample sample (g) water (ml)t pH suspension t pH filtrate
10 10 11.73 11.66
100-100-200 10 10 11.70 11.7 11.60 11.6
10 10 11.69 11.62
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Tab.12- Leachate pH values for pastement + Si@ratio of cement/ Sigwater = 100/100/250

mixture
CEM II/A-S 42,5R (g) 100
SiO2 (g) 100
water (ml) 250
after 2 weeks
sample sample (g) water (mI)I pH suspension t pH filtrate
10 11.94 11.92
100-100-250 10 11.93 11.9 11.91 11.9
10 1196 11.91
after 3 weeks
sample sample (g) water (ml)r pH suspension t pH filtrate
10 11.89 11.80
100-100-250 10 11.90 11.9 11.80 11.8
10 11.90 11.81
after 5 weeks
sample sample (g) water (ml)r pH suspension t pH filtrate
10 11.50 11.34
100-100-250 10 11.49 11.5 11.37 11.4
7 11.50 11.35
after 7 weeks
sample sample (g) water (ml) pH suspension t pH filtrate
10 10 11.52 11.52
100-100-250 10 10 I 11.53 11.5 11.52 11.5
10 10 [ 1140 11.51

4.2.4 Laboratory tests onthe host rock

At the end of 201& drilled core sample afhe host rock was taken from the nichewhich the
experimental plug will be constructethis sample (see figure below), approximately 30 cm long and
6.12 cm in diametederive from the new drilled borehole V&hich connecs the experimental and
technical nichsof the EPSP poject

Figure 15- Host rock sampledrilled core from borehole V2

Del i veb3abll7e VheAr si on n A1DOPAS 25/32

Dissemination level: PP
Date of issue of this repo27/2/2014

EURATOM



The dilled corepartwas sawninto smaller samplet be used forthe determinationof porosity
using thewater submersion method (Melnyk and Ske€t86). Rck samples were dried and their
weights were recordeth first step of this methodCurrently therock samples are@indergoing
saturationprocessby SGW. Following full saturation,the saturated weigts will be recorded and
sampleporosity calculated. For permeability measurenpemposesghis type of drilled core has to be
reduced irdiameterto approx. 8mso as tdit into the experimental permeability lter alternatively,
newsamples must bdrilled of theappropriate diameter.

4.2.5 Physical models

Sincethe simulation of unsaturatesivelling material§s somewhaicomplicated andhe EPSP
underground laboratory experiment will not be dismantled duringcthese of theproject, the
construction ofphysical models of plugs at the laboratory seedes proposed irthe laboratory work
plan. The aim of these experiments is to gain datéhipsubsequent calibration of numerical models
of the saturation of thedntonite materialn all experiments synthetic granitic water is used.

The physical model will consist of a stainless steel chamber of cylindrical slidp&pproximate
dimensions 0.5m in length and 0.1m in diameter and will be equipped with senser®rnd the
distribution of water content within the bentonite material. Bentamiiie anestimated bulk densityf
from 1.4g/cnito 1.6g/cm (the same bulk densigsassumed in thEPSPexperiment) will be pressed
into thetestchamber and gradually satiied with water under pressufiéhe level of vater pressure
will be determined bythe field testing of the permeability of the grouted rockat the Josef
Underground Bboratory.A maximum pressure of 7MPa is assumed. A sample of the bentonite
material will be dismantletbllowing the conclusion ofhe experiment and divided into layevih an
estimated thicknessf 1cm. The water content in each layer whknbe determined. It is assumttit
the duration of the experimewill be aroundl year.

Installation of physical models chambers with facilities to observe the progress of water content
within the sample was dealt with ime prior to construction of EPSP (2013ensors forthe
meaurement of pore water pressure dnedrainage needles were testedaismallscale chamber
(Figure 16, detail in Figure 17). Samples ofbentonite B75with bulk densiies of 1.2g/cni and
1.6g/cni were pressed intesmallscale chamberwith internal dimensions of 3cm in diameter and
3cm in height and saturated with water under pressure of 4 bar in the ¢hsesample with &ulk
density of 1.2g/cthand 20bar in the case dhe sample obulk density 1.6g/cth The wlume ofthe
infiltrating water was measureaasing a volume meter artie volume of water flowing out of the
chamberwas monitored using ayringe and drainage needles. Thesults ofthe testing of the
measuring guipment are shown iRigure18 - Figure20.
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Figure 16 - Smaltscale chamber for monitorinpe saturation of bentonite

Figure 171 Detail of drainage needles and sensorstfermeaurement of pore water pressure
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