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ABSTRACT

The objective of the work was to andyse the porosty and microfracturing of ten samples
from interpreted deterministic structures & the TRUE Block Scde Ste usng *C-PMMA
method. The work comprised andyss of three categories of rock samples Fault breccia
materid (fragments and pieces) and wal rock samples.

The “C-PMMA mehod involves impregndion of rock samples with 4C-labdled
methylmethecrylale (**C-MMA) in  a vacuum, irradistion  polymerisation, sample
prepardion and partitioning, autoradiography, optica dendtometry and porosity caculaion
routines usng digitd image procesing techniques In the work °H  labdled
methylmethacrylate was used for some of the fragment samples. The advance of the 3H is
itslow betaenergy (18 keV) dlowing autoradiography of very thin rock samples.

Methylmethacrylate intruded into dark minerds of the fault breccia fragment samples taken
from two intercepts; dructure #22 in KIO025F02:66.7m and dructure #20 in
K10023B:69.9m. Porosties of severa percents were determined. MMA had didributed
homogeneoudy indde dak mined grans according to the visud ingpection of the
autoradiographs. When MMA  had intruded into the fedspar minerd grains, porosity
digribution was heterogeneous, even cracks and fissures could be diginguished on the
autoradiogrgph  from the 1-2 mm dze fragments Some of the fddspar grans were
nonporous with the PMMA method.

A tota amount of four samples of fault breccia pieces were impregnated with *C-MMA.
The samples were taken from two intercepts gructure #22 in KIO025F02:66.7m and
dructure  #20 in  KIO023B:69.9m. Totd porodty of piece dructure #22 in

K10025F02:66.7m was around 0.6 % and that of piece structure #20 in K10023B:69.9m
was aound 0.7 %. Fault breccia pieces contaned plenty of cracks and fissures having

apertures between 10 to 20 mm.

Six wadl rock samples were impregnated with *“C-MMA. The porosity pattern of samples
taken from intercepts dructure #22 in KI0025F02:66.7m and dructure #20 in



K10023B:69.9m included cracks and fissures. Dark and dtered minerds had the highest
porogties, around 6 to 8 %. Very tight dtered minerd phases proved to be nonporous with
the PMMA method. Wall rock samples of intercepts structure #23 in KI0025F03:56.8m
and dructure #21 in KI0023F.71.1m had totd porogties of aound 0.3 % with the PMMA
method. Porous minerd grans and open mingd gran boundaries form connected
migration pathways. The fddspar grains are dightly porous;, a few microcracks and fissures
transsect large potassum fedspar phenocryds. The porosty pattern of sample taken from
intercept structure #20 in K10025F02:74.6m contained porous veins (porosity around 1 %)
cutting the core sample pardld to the fracture surface The MMA didnot intruded
completidly into the wdl rock sample taken from an intercept dructure #20 in
KA2563:188.7m. Contrary to the conditions seen in the other wall rock samples, fddspars
here showed porogty of 0.35 %. A drongly adtered mylonitic phase adjacent to the fracture
urface was not impregnated with MMA.



PREFACE
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the TRUE Block Scale Site at the Aspd Hard Rock Laboratory.

The work was commissoned by Aimo Hautojérvi of Podva Oy and Anders Winberg of
ConterraAB on behaf of SKB under contract no. 9713/00/AJH.



1. INTRODUCTION

The objective of the activity was to determine the porodty and microfracturing of dtered
A0 diorite samples from the interpreted deterministic structures & TRUE Block Scale
Ste by uing the C-PMMA method (**C-polymethylmethacrylate method). The
visudisation and quantitative results on interconnected porosty of rock samples, minerd
goecific porogties of man mingds, porodty profiles of dtered zones next to water
conducting fractures and microfracturing was dudied. Three categories of rock samples
eg. falt brecca fragments (1-2 mm), fault breccia pieces (1-3 am) in the falowing
denoted “fragments’ and “pieces’ and wall rock samples, were studied by using “C-
PMMA method.

The “C-PMMA mehod involves impregnation of rock samples with *C-labeled
methylmethecrylale (**C-MMA)  in  a vacuum, irradiation  polymerisation, sample
patitioning, autoradiography, opticd denstometry and porodty cdculaion routines using
digitd image processng techniques. In the work H labdled methylmethecrylate was used
for some of the fragment samples. The advantage of the *H compared to **C isiits low beta
energy (18 keV) dlowing autoradiography of very thin rock samples. The rock samples
usd in the PMMA andyses are liged in Teble 1.

Tablel. Lig of rock samples andysed in study.
code classification priority
#22 K10025F02:66.7m wall rock 1
#22 K10025F02:66.7m 2 wall rock pieces 1
#22 K10025F02:66.7m fragments 1
#22 K10025F02:66.7m fragments/test 1
#23 K10025F03:56.8m wall rock 2
#20 K10023B:69.9m wall rock 3
#20 K10023B:69.9m 2wall rock pieces 3
#20 K10023B:69.9 m fragments 3
#20 K10023B:69.9m fragments/test 3
#21 KI10023F:71.1m wall rock 4
#20 K10025F02:74.6m wall rock 5
#20 KA2563:188.7m wall rock 6




2. EXPERIMENTAL
2.1  Fault breccia fragments

"Fragments’ were 0.5-1 and 1-2 mm sSzed rock patides condituting a fraction of a fault
breccia from two intercepts dructure #22 in KIO025F02:66.7m and dructure #20 in
K10023B:69.9m. Fragments having gran sze of 05-1 mm were planned to be used for
teting the method. This fird category of samples required tests for optimizing the
impregnation + autoradiography procedure.

The fragments were dried in a vacuum chamber in glass vids usng a maximum
temperature of 120 °C. The fragments were impregnated firs with *C labelled
methylmethecrylate. °H labdled methylmethacrylate was tried for some of the fragment
samnples  Polymerization of mehylmethecrylatle was initisted with a Co-60 gamma
radiation source. The samples were surrounded by radioactive methylmethacrylate to avoid
outdiffuson of tracer into lower concentration during radiation.

The penetration range of beta partides of *H (around 3 mm) is lower in the rock matrix due
to lower beta energy (18 keV) than the range of beta partides of *C (around 100 rm)
having beta energy of 155 keV. When the fragments are embedded into radioactive PMMA
the penetration range of beta partides of *C would cause blackening of autoradiograph
through the thin rock layer. To avoid this artefact the tracer *H-MMA was employed. The
autoradiographs of fragments were andysed patly through microscopetCCD camera to
utilize the impoved resolution of of autoradiographs Fragments were embedded with
MMA and polymerized MMA act as mantle for the fragments during preparation of the
samplesfor autoradiography by grinding or sawing.

The fragments tested in the present dudy are liged in Table |1, where the grain Szes, usd
weights of partides in each test, the sample priority, the experiment codes and the *H- and
14C-MMA tracer adtivities are listed. The detailed experimenta steps are listed in Appendix
1, where drying, impregnation and autoradiography are shown for each test. The ted3
sample was sawn into two parts with the Isomet Low Speed Saw after polymerization, but



other tet samples were only grinded with grinding pgper and polished with the dlicon
carbide grinding powder (400 mesh).

Tablell. Fault brecciafragments - grain Sizes, weights of particles, sample priority,
experiment codes and *H- and 1*C-MMA tracer activities
grain size . I experiment tracer
(/E mm) weight (g) priority code activity
TTC.PMMA
#22 0510 00758 1 test1 0. 7nCimi
KI0025F02:66.7m
#22 _
KI0025F02:66.7m 0510 0.1254 1 test2 0.7nCifm
#22 _
1-2 . 1 t 1 m
KI10025F02:66.7m 06533 est3 0
#22 )
KI0025F02:66.7m 1-2 02077 1 test 4 250G
3EEPMMA
#22 12 0.2319 1 test 5 3mGim
KI0025F02:66.7m :
#20 )
KI0023B:69.9m 0510 00731 3 test 6 3maiml
#20 )
KI0023B:69.9m 12 0.1607 3 test 7 3mGilml

2.2 Fault breccia pieces

"Peces’ were sugar-cube szed (/£ 1-2 cm) fraction of a fault breccia, which had been
collected usng a triple tube core bare. The totd amount of pieces samples was 4. Two of
them represented the intercept  Structure  #22 in KI0025F02:66.7m (A and B) and two of
them theintercept Structure #20 in K10023B:69.9m (A and B).

The pieces were dried in a vacuum chamber usng maximum temperaure of 70 °C for
pieces B and that of 120 °C for pieces A. h the author’s experience the rock samples for
PMMA measurements are dried firg usng as mild drying conditions as possble to avoid
any increesed porogty in the rock samples. Here the fird impregnetion usng low drying
temperature and low tracer activity did not succeed and the drying temperature as well as
the tracer activity were increased in the case of pieces A samples The pieces were
impregnated  with  *C labdled methylmethacrylate The pieces samples from  both
intercepts were irradiated with radicactive methylmethecrylate as outer solution to avoid
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outdiffuson of tracer into lower concentration during radiation. This category of samples
were sawn into two with the Isomet Low Speed Saw.

The pieces dudied here are liged in Table Ill, where the weghts of pieces the sample
priority and the “C-MMA tracer activities are listed. The porosity vaues of two pardld
"pieces’ samples were determined with the water saturation technique and these vadues are
a0 liged in Table 1ll. The detalled experimenta steps are lised in Appendix 2, where the
account of drying, impregnation and autoradiography are indicated for each pieces sample.

Tablelll. Faul breccia pieces - weights, sample priority, experiment codes and **C-MMA
tracer activities. Porogity vaues measured with water saturation method [1,2)]

. .. tracer activity porosity with water saturation
weight (g) priority @Ci/ml) voL%)
A
#22
KI0025F02:66.7m 1% 1 25 15
#20
KI0023B:69.9m 1058 3 25 07
B
#22
146 1 0.7
KI10025F02:66.7m
#20
K10023B:69.9m 501 3 07

23 Wall rock samples

"Wadl rock samples’ were ordinary core samples 51 mm or 41 mm in diameter, with
exposed naturd fracture surfaces A totad of 6 core samples were impregnated with 4C-
MMA. The wal rock samples were dried usng a maximum temperature of 90 °C. The used
tracer activity was 25 n€Ci/ml. The codes, the lenghts and the diameters of each wadl rock
sample are shown in Table 1V. The samples are listed in the order of the assgned priority.

The sample dructure #22 in KI0025F02:66.7m had two fracture surfaces (A and B). The
porogty vaues of the intercept Structure #23 in KIO025F02:56.8m were determined with
water saturation method [1,2] and these values are compared to the values of *C-PMMA
method. Due to improper intruson of MMA into the rock mairices, pat of the once
impregnated wal rock samples were impregnated yet another time. A detalled account of
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drying tempeaures drying and impregnation times and dl the autoradiogrgphs from
different sawn rock surfaces are liged in Appendix 3.

TablelV. Wl rock - codes, diameters and lengths of samples.

feature id intercept (m)_ diameter (mm) length (mm)
#22 KI0025F02:66.7m 51 50
#23 KI0025F03:56.8m 51 20
#20 KI10023B:69.9m 51 100
#21 KI0023F:71.1m 51 80
#20 KI0025F02:74.6m 51 55
#20 KA2563:188.7m 41 85

24. The "“C-PMMA method
2.4.1 General

The *C-PMMA method involves impregnation of centimetric scde rock cores with 4C
labdled methyimethearylate  (**C-MMA) in a  vacuum, irradiation  polymerisation,
autoradiography and opticd denstometry with digitd image processng techniques [3-7].
Impregnation with the labdled low-molecular-weight and low-viscosty monomer 4C-
MMA, which wets the dlicate surfaces well and can be fixed by polymerisation, provides
information on the accessble pore space in cryddline rock that cannot be obtained with
other methods. In the work the 3H labelled methylmethacrylate was dso used to provide
porogity information of fault brecca fragments.

Tota porosty is cdculated usng 2D autoradiographs of the sawn rock surfaces The
geomelry of porous regions is then visudised. The preconditions for goplying this method
ae (i) known locd bulk dengty; (ii) presence of only two phases mingds ad PMMA;
and (iii) homogeneous didribution of pores and mingds bdow the limit of laterd
resolution of autoradiography. The PMMA procedure is presented in Figure 2-1 showing
experimentd part A and andysstools B.



rock sample
variation of sample sizes:
wall rock 41-51mm, length 20-100cm (incl. atered zone)
fault breccia fragments A0 5-2mm
fault breccia pieces”E1-2cm

drying under primary vacuum
variation in temperature around 110 °C

impregnation
*H or “C |abelled methylmethacrylate

polymerization
irradiation with Co-60 source,
maximum dose 50 kGy

pre-releasing of luminescence
heating 120°C, 3 hours

sample preparation
diamond sawing, grinding, polishing

autoradiography
exposure on photographic filmsto b emitting
nuclides, variation in time: 1-20d

digitizing autoradiographs
flatbed scanner or microscope+CCD camera

porosity calculation:
total and local porosities as porosity histograms
porosity profiles

superposition options:

relation to mineralogy

Fgure 2-1 Procedure of PMMA method employed in current sudy. A=experimentd
pat, B=digitd image andyss
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2.4.2 Properties of the*C-MMA and the SH-MMA tracers

Methylmethacrylate (MMA) is a monomer with very low viscodty, 0.00584 P (20°C) [8],
while the viscosty of water is 0.00895 P (25°C) [9]. Because its contact angle on dlicate
aurfaces is low, impregnation of bulk rock specimens is rapid and depends on exiding pore
goatures The MMA molecule is smdl (mol.weght 100.1). It has nondectrolytic
properties and only low polarity, the polarity of the ester being congderably lower than that
of water, and it behaves in the rock matrix as a nonsorbing tracer. Thelow b energy of the
Carbont14 isotope, max 150 keV, is convenient for autoradiographic measurements.

The monomer used was *C-labdled MMA with a spedific activity of 25 mCi/g and a totdl
activity of 50 mCi. Its radiochemicd purity was >95 %. In this dudy the dilution of the
tracer was aound 25 nCi/ml. The tracer adivity used was delemined with liquid
sintillation counting (Rackbeta 280). The cdibration sources were prepared by diluting the
14C-MMA with inactive MMA. The activities ranged from 0.0125 nCi/ml to 5 nCi/im.

3H labdled MMA was applied to the experiments due to the extremdy low beta energy of
the tritium isotope, maximum enegy of 18 keV. Totd amount of methyl-[2,3-3H]
methecrylate was 185 000 MBq, specific activity being 3 mCi/ml and radiochemicd purity
>05 %. 100 ppm hydroquinone was used for stabilization. The range of the 18 keV beta
rays in the rock matrix of 2.7 glont density is 25 nm [10]. The spatid resolution of the
autradiographs using *H-PMMA is better than that of **C-PMMA due to the lower energy,
but on the other hand a higher spedific activity of *H is needed to provide an
autoradiogragphic image, which is redricting the use of tritium labdled methylmethacrylate.
Another drawback is that even the diluted 3H labdled methylmethacrylate autopolymerizes
easly and restrict the use of *H labdled MMA over longer times The organic reection for
labelling MMA with H is a more demanding procedure than the reaction for labdling
MMA with *C.

1



2.4.3 Drying, impregnation with 1*C-MMA and polymerization of samples

Samples were vecuum dried in duminium chambers for 2-6 days a& a maximum
temperature of 120°C for samples of fragments and pieces and a a maximum temperaiure
of 90°C for wal rock samples. After drying the samples were cooled to 18°C. For */C-
MMA impregnation, the tracer was put into a 50 ml reservoir and trandferred under vacuum
to the impregnation chamber. The fragments were dried and impregnated in the glass vids
(volume of 10 ml). Sow trander of the monomer ensures degassing of the monomer and
infiltration without vgpor. The impregnation time varied between 1-10 days After
impregnation the samples were irradiated with gamma rays from a Co-60 source, in order
to polymerise the monomer in the rock matrix; the required dose was 50 kGy (5 Mrad). The
fragments were irradiated with a Hot Spot type gamma source. The fragments and the
pieces were irradiated under radicactive *H- and *C-MMA; fragments in the glass vids
and pieces in the polyethylene vids to avoid the outdiffuson of tracer before it is
polymerized. Due to the smdl dze of these sample types the outdiffuson of tracer would
sgnificantly prevent the measurement. The wal rock samples were irradiated under 4C-
MMA saurated water in polyethylene vids.

2.4.4 Autoradiography

Irradiation of the rocks with Co-60 causes srong thermoluminescence of K-feldspar and
other mgor rock-forming minerds, which exposes autoradiogrgphic film. To avoid this, the
thermoluminescence was released by heeting the samples to 120°C for 3 hours before
swing. Mylar fal with duminium ooeting was placed on top of the film to shidd it from
the rest of the emissions in the case of *C-PMMA impregnated samples. The fail was not
used in the case of *H-PMMA samples, because the low beta energy of tritium.

The heated samples were sawn into pieces The patitioning of each sample is illudrated in
pictures taken with the digitd camera (see chapter 3). The sawn rock surfaces of 4C-
PMMA impregnated samples were exposed on Kodak BioMax MS autoradiographic film.
The °H-PMMA impregnated sawn or grinded fragment samples were exposed on
Hypefilm 3H, from Amersham. The films are high-performance autoradiographic films for
14¢ and for °H, respectively. The resolution of the b film is a fev nm. The find resolution
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depends on the roughness of the sawn surface, which control the width of interlayer space
between the film and the rock. The penetration range of the 150 keV beta particles of *4C or
18 keV beta patides of °H in dense rock matrix affects srongly on the resolution of
autoradiographs. As to the range, the rock samples used were infinite in thickness. The beta
absorption  correction is obtaned from the raio of the dendties of rock and
polymethylmethacrylate and its effects on the quditative porosity caculation.

With the tracer adtivities and the autoradiographic films employed here, the exposure times
for ssamples ranged from 1 to 2days for *H-PMMA fragment samples and 3 to 20 days for
14C-PMMA samples

25 Digital image analysis of 14C-PMMA and *H-PMMA autoradiographs

2.5.1 Calculation of porosity

Interpretetion of the results is based on digitd imege andyds of autoradiographs Digitd
imege andyss dats by dividing the autoradiogrgph into area units cdled pixds. The
autoradiographs were scanned using 400 dpi resolution (pixd $ze of 62 x 62 nm) for the
quartitative andyss. Badcdly dl the intendties of the subdomains (pixels) were converted
into corresponding optical dendties, which in turn were converted into activities with the
help of the cdibration curves messured for each exposure. Findly, the activities were
converted to corresponding porogties. In principle, the interpretation is based on sudying
the abundance of tracer in each subdomain. The program Mankdi caculaes the porosties
from the autoradiogrgphs based on the equaions interpreted in the following chapters. The
program isimplemented using Matlab.

2.5.2 Intensity and optical density

Since the response of the image source (table scanner or CCD camera) and the amplifier of
the digitd image andys are linear, the digitised grey leves of the film can be handled as
intendties. Opticd dengties, which according to Lambert & Bea’s law are concentration
proportiond, are derived from the intendties

13



a0

D=1 09875 2-1

where D is the optical dendgity, b is the intendty of the background and | is the intendty of
the sample. It can be seen that as the intendty decreases, the optical density increases.

2.5.3  Activity and optical density

A converdon function is needed to relae the optica dendties measured to corresponding
attiviies *C-PMMA sandards (tracer diluted with inactive MMA) having spedific
activities between 462 and 185 000 Bg/ml have been used to edablish the cdibration
function. The following cdlibration curve was used:

D=D,, (1-¢*) 2-2

where Dmax IS the maximum optical dengty, k is a fitting parameter, and A is the spedific
activity. Solving A fromthe Eq. 1-2 gives.

A=-k"In(l- D/ D) 2-3
2.5.4 Porosity

The locd porosty e of the sample was smply obtained from the abundance of the tracer
(assuming congant tracer concentration in the PMMA, the higher the abundance of the
tracer, the higher the locad porosty):

e=b(4/ 4,) 2-4

where A is the spedific activity of the tracer used to impregnate the rock matrix, and b is
the b-absorption correction factor. The absorption of b radiaion in a substance depends

14



roughly linearly on the dendgty of the substance Therefore factor b can be gpproximated

from:
b=r /r, 2-5

where r s is the density of the sample and r is the density of pure PMMA (1.18 g/cnt). In
the interpretation the sample is assumed to conss of rock materid and pores (contaning
PMMA), and thereforer s can be expressed as.

r,=a,+(1- ar, 2-6
where r, is the dendty of minerd grans In the practice of bulk measurements the average
dendty of the rock sample is used. Usng Egs. 2-5 and 2-6 in Eq. 24, the porosity and the
activity rdaionship can be solved as

e= T 2-7
1480 A4
gro a A,

where 4 is the sedfic adtivity of individud pixd and A, is the gedific attivity of the
tracer. The porodty of each individud pixd n in the autoradiogram is caculated according
to equations 23 and 2-7. The porogty higogram gives the reative frequency of regions of
individud porogties. The totd porogty is obtained from the porodty didribution by teking
the weighted average:

o
a Area €,

= 2-8
a Area,

n

€ tot

where Ares, isthearea of pixd n, and e, istheloca porosty of pixd n.
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The amount of tracer in the sample, and the volumetric porosty, can thus be derived from
the blackening of the film caused by the radiaion emitted from the plane surface of the
rock section. If the pore szes ae wel beow the resolution of the autoradiography, the
magor fraction of the beta radiation emitted is atenuated by exigense of slicae. The tracer
can thus be consdered diluted by existence of silicate For the *C-PMMA method to be
used, the bulk densty must be known; thee mugt be only two phases (minerd and
PMMA), and pores and minerds must be homogeneoudy digtributed bdow the limit of the
laterd resolution of the autoradiography. The bulk dendties were taken in the work from
references[1] and [2].

The porosty profiles were measured from the autoradiogrgphs teken from the surfaces of
sawvn rock samples sawn perpendicular to the fracture surfaces of wall rock sample. Each
profile contans severd messurements where the thickness of digitdly scaned sector
vaiesfrom 1to 2 mm. The totd porogty profile of each sample is the arithmetic average of
the sectors messured. The autoradiograph of wal rock sample dructure #20 in
KI10025F02:74.6m is shown in Hgure 2-2 and the porosty profile of the autoradiogrgph is
shown in Fgure 2-3 as an example.

Foure2-2.  Autoradiograph of wall rock sample structure #20 in KI0025F02:74.6m

16
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Figure2-2.  Porogty profiles measured from autoradiograph of wall rock
sample structure #20 in KI0025F02:76.4m

2.5.5 Superposition

Digitized autoradiographs was superimposed on digitized images of sawn rock surfaces
This is an effective way to compare rock minerdogy to porosty and microfractures
obsarved on autoradiographs. The autoradiograph and the rock surface are scannned in the
same orientation and with the same resolution. Superpoditioning is done by moving images
in x and y direction until they are merged; rotation of the images is not alowed, because it
will digtort digitized images.
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3. RESULTS OF “C-PMMA IMPREGNATIONS
3.1  Fault breccia fragments
3.1.1 #22 KI0025F02:66.7m

Experimentd conditions for fragments of intercept Sructure #22 in KI0025F02:66.7m are
preented in table shown in Appendix 1. All teted fragments (£ 0.5-1.0 mm; testl and
tet2) and pat of the prime fragments (£ 1.0-20 mm; test3 and test4) were impregnaed
with 1*C-MMA using different tracer activities; 0.7, 1.2 and 25 nCi/ml. The sample from
tes3 was cut in two with a low speed diamond saw wheress dl other fragments were
grinded with grinding paper and with dlicon carbide grinding powders. The last part of the
prime fragment ssamples were impregnated with 3H-MMA using the tracer activity of 3
mCG/m (£ 1.0-20 mm; tes5) The photogrgphs of the fragment surfaces and the
corresponding autoradiographs are presented in Figs. 3-1— 3-5.

14d exposure
Figure3-1.  Photograph of fragment sample structure #22 in K10025F02:66.7m
0.5-1.0 mm (lft) labelled with 14C-MMA and corresponding
autoradiograph (right) (test).
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second grinding 5d exposure

Fgure3-2.  Photographs of fragment sample structure #22 in KI0025F02:66.7m
0.5-1.0 mm (Ieft) labdlled with **C-MMA and corresponding
autoradiographs (right) (test2).
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Test3 I/second grinding

3

Tex311/third grinding 5d exposure

Fgure3-3.  Photogrgphs of fragment sample structure#22 in KIO025F02:66.7 m
1-2 mm (left) lebelled with **C-MMA and corresponding autoradiographs
(right) of surfacell (test3).

Tedl and ted2 were done with fragments having a diamger of 051 mm. The
autoradiographs were scanned with 600 dpi. The scanned rock surfaces as wel as the
corresponding autoradiographs were eeslly separated, but the details on the autoradiographs
were difficult to hande MMA had intruded into mafic minerd grains while a leest some
of the fddspars grains were nonporous i.e. MMA did not intrude the fragments. Test3 was
done with fragments having diamger of 1-2 mm. Detals on the autoradiographs were
visudised and cracks and fissures were found in a fev MMA impregnated fragments.
MMA had intruded into dak minerds. During irradiaion the methylmethecrylae
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surrounding the fragments had bubbled grongly indicating maybe the need of cooling
during irradiation. It might have caused outdiffuion of MMA from the fragments before the
polymerization. The rock surfaces for autoradiography proved to be more esser and
quicker to employ with a low speed diamond saw then with the time demanding grinding
procedure.

14C-labdled MMA tracer having an activity of 25 mCi/ml was used in tet4. The best result
was achieved from the third grinding of the tet4 fragments Heterogeneous porosty
digribution was observed on the autoradiographs of gructure #22 in KI0025F02:66.7m
fragments. Plenty of cracks and fissures were found in mogt of the particles. A few porogty
measurements were performed (Appendix 4). The porosties varied from 1.3 % up to 11 %.
Highest porogties were found in mafic minerds while fdsdspars had  porodties of a few
percent. The porogty didribution of the srongly fissured fddspar gran is presented in
Fgure 3-5.
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third grinding 5d exposure

Figure3-4.  Photographs of fragment sample structure#22 in KI0025F02:66.7 m
1-2 mm (eft) labdlled with **C-MMA and corresponding autoradiographs
(right) (tet4).
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Figure3-5.  Porodty higogram for one fragment (3 mm in heght) corresponding to a
fddgpar grain of sructure#22 in KI0025F02:66.7 m.

The range of '*C beta particles is 100 nm and there may be equaly thin rock fragments in
this gpplication. Through these very thin fragments the beta paticles of the surrounding
radioactive PMMA can pendrate causng eroneous porogty results. The subsequent
fragments were impregnated with H labdled MMA. The range of 3H beta partides is only
2 to 3 mm, because of the low beta energy (18 keV). Test5 showed quditatively the same
resullt as te4; some cracks and fissures in the fragments and a few dark minerds showed
high porogties, up to 9 % (Appendix 5). The autoradiograph of the tet5 fragments was
digitized dso through sereomicroscope usng CCD camera. That way the true resolution (a
few microns) of the autoradiogrgph could be utilized and the detalled quditative andyss
could be peformed in much grester detal. The quantitative aspect of the messurement
needs more development and testing; the linearity of the microscope+CCD camera needs to
be adjusted. The porogty digribution of the mafic mnerd grain is presented in Figure 3-7.
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firg grinding

ssoond grinding

Figure 3-6.

1-2 mm (l&ft) labdled with 3H-MMA and corresponding autoradiograph

(right) (testb).

Photograph of fragment sample structure #22 in KI0O025F02:66.7 m

22 24 26 28 30

NN

100

T 1
o - Bl
= S

uondely esse

porosity (%)

Totd porosity of 8%
Porogty higogram  for one fragment (15 mm in width)corresponding to a

mafic mingrd grain of Sructure#22 in KI0025F02:66.7 m.
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3.1.2 #20 KI0023B:69.9m

Expeimentd conditions for the analyds of fragments from interogpt dructure #20 in
K10023B:69.9m ae presented in a table included in Appendix 1. Fragments from this
intercept (€ 05-1 mm and A 1.0-2.0 mm) were impregnated with *H-MMA using a tracer
adivity of 3 mCi/ml. The photographs of fragment surfaces and corresponding
autoradiographs are presented in Figs. 3-8 — 3-9.

third grinding 5d exposure

Fgure3-8.  Photographs of fragment sample structure#20 in K10023B:69.9m
0.5-1 mm (left) labdled with “H-MMA and corresponding autoradiographs
(right) (test6).
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An effect of few highly porous mingd grans manly dak mineds were found on the
autoradiogrgphs of gdructure #20 in K10023B:69.9m fragments (0.5-1 mm in diameter,
tet6). The PMMA which surrounded the fragments was bubbled during irrediation.
Diameter of ted7 fragaments was 1-2 mm. Agan dak minerd grans were found to be
porous. The fragments were not microfrectured; there were not fissured grains. A few

porosity measurements were performed (Appendix 6). The porosities varied from 2 % up to
6 %. The porogty digtribution of one plagioclase grain is presented in Figure 3-10.

secord;r?rﬂing ‘ 5d exposure

Fgure3-9.  Photographs of fragment sample structure#20 in KI0023B:69.9 m
1-2mm (Ieft) labelled with *H-MMA and corresponding autoradiographs
(right) (test?).
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Figure3-10. Porodty higogram for one fragment (1.5 mm in width)corresponding to a
plagiocdlase grain of dructure#22 in KI0025F02:66.7 m.

3.2  Fault breccia pieces

3.2.1 #22 KI0025F02:66.7m

Experimentd  conditions for sampled pieces from intercgpt  dructure #22 in
K10025F02:66.7m are presented in a table in Appendix 2. Two rock pieces (A&B) from
intercept structure #22 in KI0025F02:66.7m were impregnated with **C-MMA. The tracer
intruded into both pieces thoroughly. The activities of **C-PMMA tracer that were used in
experiments were 25 nCi/ml for sample A and 0.7 n€i/ml for sample B. The A piece was
sawn according to the scheme shown in Figure 3-11.

Fgure3-11. Sawingsof piece sample A from structure #22 in KI0025F02:66.7m for
autoradiography to provide porodity messurements.

27



The photographs and the corresponding autoradiogrgphs of the piece A dructure #22 in
K10025F02:66.7m, surfaces B to D, are presented in Fgure 3-12. One sawn surface of
piecce sample A was dudied with dectron microscopy to evduae the apertures of
microfissures observed on the autoradiograph. The porosty was presented as PMMA
porogty hisograms for three autoradiographsillugtrated in Fg. 3-13.

Piece A
surface B

9 days exposure
width of ssmple2 cm

Pece A

surface C

9 days exposure

width of sample 25 cm

Piece A
surface D

6 days exposure
width of sample 2.5cm

Photographs of rock surfaces of piece sample A structure#22in
K10025F02:66.7m, surfaces B, C and D (l€ft), and corresponding
autoradiographs (right).

Tota porogity of piece A gructure #22 in KI0025F02:66.7m varied from 0.4 to 0.8 %. The
measurements were done for each sawn rock surface. The highest porogdties that were
detected were around 8 to 9 %. The apertures of widest fissures that were observed with a
scanning eectron micrascopy were around 10 —15 nm.
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Tota porosty of 0.4 %

SurfaceB

uonoeiesse

porosity (%)

SurfaceC
Tota porosty of 0.7 %

porosity (%)

SurfaceD
Tota porosty of 0.8 %

uongelj ok

porosity (%)

Porogity hisogramsfor piece sample A structure#22 in KI0O025F02:66.7 m.

Figure 3-13.

The other smple, piece B dructure #22 in KI0025F02:66.7m was grinded to get a surface

for autoradiogaphy. The photograph and corresponding autoradiograph of piece sample B

are shown in Figure 314. MMA had intruded into the piece B. Dark minerd phases were
found highly porous >5 % (see arows in photograph, Fg. 3-14). A few fractures were

transsecting the rock sample. A totd porosty of 1.4 % was messured with the PMMA

method.



, PeceB
. surface A
12 daysexposure
width of sample 1.5 cm
] Y

Figure3-14.  Photograph of rock surface of piece sample B structure#22in
KI10025F02:66.7 m (left) and corresponding autoradiograph (right).

3.2.2 #20 KI0023B :69.9m

Experimentd  conditions for the andyds of pieces from the intercgpt dructure #20 in
K10023B:69.9m are presented in a table in Appendix 2. Two pieces samples from dructure
#20 in KI0023B:69.9 m were impregnated with 1*C-MMA. The piece A was thoroughly
impregnated with MMA,, wheress the piece B was not impregnated with MMA (see Figure
3-18). The piece sample A was sawn according to the partition diagraph shown in Figure 3
15.

W&

DT m ece A

Figure3-15.  Sawings of piece sample A from sructure #20 in K10023B:69.9m for
autoradiography to provide porosity messurements.

The photographs and the corresponding autoradiographs of piece sample A sructure #20 in
K10023B:69.9m, surfaces B to F, are presented in Figure 316. One sawn surface of piece
sample A was dudied with éectron microscopy to evauate the gpertures of microfissures
observed on the autoradiograph. The porosity digribution of the rock sample presented as
PMMA porosity histograms was provided for two autoradiographsillugtrated in Fig. 3-17.



Piece A

SurfaceB

9 days exposuretime
width of sample 2cm

Piece A
SurfaceC
9 days exposure time

Piece A
SurfaceE
9 days exposuretime

Piece A
SurfaceF
7 days exposuretime

=
Figure 3-16. raphs of rock surfaces of piece sample A structure#20in
K10023B:69.9m, surfaces B, C, E and F (l&ft), and corresponding
autoradiographs (right).

The totd porogty of piece sample A dructure #20 in K10023B:69.9m varied from 0.6 to
0.8 %, the measurements were done on two sawn rock surfaces. The highest porosities that
were detected were around 10 %. The gpertures of widest fissures that were observed with
scanning e ectron microscopy were around 20 mm.
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SurfaceC

Totd porogty of 0.8 %

100

uondely ease

porosity (%)

SurfaceE

Totd porogty of 0.6 %

uonoel) ease

porosity (%)

Porosty higograms for piece sample A structure#20 in KI0023B:69.9m

Fgure 3-17.

12 days exposure

<
2
=
@

K10023B:69.9m (left) and corresponding autoradiograph (right).

| Photograph of rock surface of piéce sample B structure #20in

-
Figure 3-18.
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3.3  Wall rock samples

3.3.1 #22KI10025F02:66.7m

Expeimenta conditions for the wadl rock sample of intercept dructure #22 in
K10025F02:66.7m are presented in a table in Appendix 3. This sample had two separate
fracture surfaces A and B. WAl rock sample #22 KI0025F02:66.7 m was not thoroughly
impregnated with MMA and one piece of the sample was impregnated twice (66.7 111). In
the course of the experiment the sample was sawn according to the partition diagraphs
shown in FHgures 3-19 and 3-20.

66.7m wall rock o

50 mm

ES R e

I TS
wndl ol

& ._I " [ L
2impregnion
Figure 3-19. Wall rock sample structure #22 in KI0025F02:66.7m sawn perpendicular
to fracture surfaces for autoradiography to provide profile measurements.



fracture surface A fracture surface B

|m

Figure 3—20: Wall rock sample structure #22 in KI0025F02:66.7m sawn pardld to
fracture surfaces for autoradiography to provide porosity histograms at
different depths.

As shown in the autoradiograph of surface B of sructure #22 in KIO025F02:66.7 in Fg.
3-21 the rock matrix is very dense. MMA has intruded through cracks and fissures and a
few mafic mineral phasss into the interior of rock matrix, but there is no dear incressd
porogty zone adjecent to the fracture surfaces. Severd further sawings did not reved any
highly porous phases on the autoradiographs taken from sawvn surfaces but more dealy
porogity was localized to easly identifiable cracks and fissures (Figs. 3-22 and 3-23).

—>
3.2¢cm

Figure3-21.  Phatograph of wal rock sample I-B structure #22 in KI0025F02:66.7m (l€ft)
and corresponding autoradiograph (right) (15 d exposure),
fracture surfaces A and B marked on the left figure.



2.8cm
Fgure3-22.  Photogrgph of wall rock sample [1-B structure#22 in KI0025F02:66.7m
(left) and corresponding autoradiograph (right) (14 d exposure).

' >
3.0cm
Figure 3-23.  Photograph of wall rock sample111-B sructure #22 in K10025F02:66.7m

(left) and corresponding autoradiograph (right) (18 d exposure)
-result of 2. impregnation.

One porogity profile measurement was performed and the integrated profileis shownin
Fig. 3-24. Over the measured area an increased porosity is observed to adepth of 1. cm
from the fracture surface B.



66.7m wall rock (fractured surface B)

4 distance (cm)

Figure 3-24. Poroéity profile of sample I-B sructure #22 in KIO025F02:66.7m , measured
starting from the fracture surface B.
Scan width was 0.5 mm and totd of 4 profiles were measured.

The autoradiographs provided from rock surfaces sawn pardld to the fracture surfaces A
and B are shown in Figs. 325 and 3-26, repectively. The hisograms d measured porosity
from the autoradiographs are presented in FHgs 3-27 and 3-28. Totd porogties of the
measured areas on autoradiographs varied from 0.3 % to 0.6 %. The porosity patterns were
heterogeneous and porous phases with up to 6 % porodty were determined at a depth of 10
mm from the fracture surface A, and porosties up to 8 % a a depth of 7.5 mm from the
fracture surface B.

50cm >

Fgure3-25.  Phaoto images of rock surfaces sawn pardld to fracture surface A (l€ft),
corresponding autoradiographs (center, 14 d exposure) and superimposed
images (right) showing dl porous arees, where MMA hasintruded. Depth
from the fracture surface is shown in the far right column.



35mm

5 o -
: -,

10.5mm

3.8¢cm

Figure 3-26.

Photo images of rock surfaces sawn pardld to fracture surface B (I€ft),
corresponding autoradiographs (center, 10 d exposure) and superimposed
images (right) showing dl porous areas, where MMA has intruded. Depth
from the fracture surface is shown in the far right column.
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surfaces shown in Figs. 3-23 and 3-24. Surfaces are sawn pardld to fracture

Porogty digtribution presented as PMMA histograms provided from rock
surface A and fracture surface B.

Figure 3-27.



3.3.2 #23 KI0025F03:56.8

Experimental  conditions for the wal rock sample from intercept dructure #23 in
K10025F03:56.8m are presented in a table in Appendix 3. The wal rock sample structure
#23 in KI0025F03:56.8m was not thoroughly impregnated with MMA and one piece of the
sample was impregnated twice (56.8 Il1). As pat of the andyss the sample was sawn
according to the partition diagraphs shown in Figures 3-28 and 3-29.

ractine surface

>

4cm

56.8m wall rock

AN

l I ] & Eru: T{u':‘
Fgure3-28. Wal rock sample Structure #23 in KI0025F03:56.8m sawn perpendicular to
fracture surface for autoradiogragphy to provide profile measurements.

A% o Fi
winll fock

Fgure3-29. Wal rock sample structure #23 in KI0025F03:56.8m sawn pardld to
fracture surface for autoradiography to provide porosity hisograms at
different depths.



As shown in autoradiogrgph of surface | B gructure #23 in KIO025F03:56.8m in Fig. 330
MMA hes intruded farly wdl into the marix. MMA is found in mafic minerd arees, no

appreciable cracks or fissures are found. There is no clear increased porosity zone adjacent
to the fracture surface.

Figure 3-30.  Phatogragph of wal rock sample | B structure #23 in KI10025F03:56.8m (1€ft)
and corresponding autoradiograph (right) (15 d expasure). Arrows showing
fracture surfece.

One example of porosty profile measurement was done and the integrated profile is shown
in FHg. 3-31. Only an aea extending one or two mm from the fracture surface shows
increased porosity.

56.8m wall rock

porosity (%)
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Figure 3-31. IHég‘r'ated porasity profile of sample | B structure #23 in
KI10025F03:56.8m , measured garting from the fracture surface .
The scan width was 0.4 mm and totd of 3 profiles were measured.
Tota porogty of rock matrix is 0.3 % with PMMA method.

The second impregnation did not reved any new porous minerd aress from the wal rock
sample gructure #23 in K10025F03:56.8m (Figure 3-32).



Fgure3-32.  Photograph of wall rock sample |l A structure #23 in K10025F03:56.8m
(left) and corresponding autoradiograph (center) (18 d exposure)
superimpaosed images (right) showing al porous aress, where MMA has
intruded. An arrow showing fracture surface.

The autoradiographs provided from rock surfaces sawn pardld to the fracture surface are
shown in FHgure 3-33. The measured porogty histograms from two autoradiographs are
presented in Figure 3-34. On the autoradiographs it was observed that the porosity pettern
of sample dructure #23 in KI0025F03:56.8m contains cracks and fissures. Totd porogities
varied from 0.2 % to 0.5 %. The porosity patterns were heterogeneous and porous phases
up to 5 % were determined & a depth of 5 mm from the fracture surface.

Photo images of rock surfa:es sawn pardld to fracture surface (l€ft),
corresponding autoradiographs (center, 13 d exposure) and superimposed
images (right) showing al porous areas, where MMA has intruded.

Depth from the fracture surface is shown in the far right column.

Figure 3-33.
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Figure 3-34.  Porosity digtribution presented as PMMA histograms provided from rock
surfaces shown in Figs. 3-33. Depth from the fracture surface is shown in the
far ight cdumn.

3.3.3 #20 KI10023B:69.9m

Experimentd conditions gpplicable to the wal rock sample from intercept structure #20 in
K10023B:69.9m are presented in a table in Appendix 3. The wal rock sample sructure #20
in KI0023B:69.9m was not thoroughly impregnated with MMA and hdf of the sample was
impregnated twice (699 1). The sample was sawn according to the partition diagraphs
shown in Figures 3-35 and 3-36.
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69.9m wall rock
| I

Figure 3-35.  Sawings of wal rock sample structure #20 in K10023B:69.9m;
perpendicular to fracture surface for autoradiography to provide profile
messurements.

Figure3-36. Sawingsof wall rock sample Il structure #20 in K10023B:69.9m pardld to

fracture surface for autoradiography to provide porosity histograms at
different depths from fracture surface.

The rock sample is not throughout impregnated with MMA as shown from autoradiograph
in Fig. 337. The autoradiograph is taken after the second impregnation. MMA  has intruded



through cracks and fissures into the rock matrix, but there is no dear increased porosty
zone adjacent to the fracture surface. There are a few porous vens trending pardld to the
fracture surface a a depth of 1 cm (see an arrow on the autoradiogrtaph in Figure 3-37).

4

5cm

Figure3-37.  Photographs of wall rock samples |Aii+lAi sructure #20 in KI0023B:69.9m
(Ieft) and corresponding autoradiographs (center) (20 d exposure) and
superimposed images (right) showing porous aress, where MMA has
intruded.

The autoradiographs provided from rock surfaces sawn pardld to the fracture surface are
shown in FHgure 3-38. In the autoradiographs it is observed that the porodty pettern of
sample dructure #20 in KI0023B:69.9m contans cracks and fissures that transsect dl
mingrd phases. The highest porosties messured with the PMMA method were 2 to 3 %,
but the total porodties were below 0.1 %. The matrix is very dense and the porosity vaues
measured with the PMMA method should be ragarded as uncertain.



L ‘ _
Figure 3-38.  Photo images of rock surfaces sawn pardld to fracture surface (|€ft),
corresponding autoradiographs (center, 10 d exposure) and superimposed
images (right) showing dl porous areas, where MMA hasintruded. Depth
from the fracture surface is shown in the far right column.

334 #21 KI0023F:71.1m

Experimental  conditions for the wal rock sample from intercept dructure #21 in
KI0023F:71.1m ae presented in a table in Appendix 3. This sample was thoroughout

impregnated with MMA. The sample was sawn according to the partition diagrgphs shown
in FHgures 3-39 and 3-40.



Fgure 3-39.

83 mMm

Figure 3-40.

The photograph of the rock surface of sample dructure #21 in KI0023F:71.1m sawn
the corresponding autoradiograph  and  the
superimposed image are presented in Figure 3-41. Porous minerd phases form connected
networks of migraion pathways. These pathways surround feldspar grains, which are
dightly porous. A few cracks and fissures transsect large potassum fddspar phenocryss
The fracture surface is indicated by an arow in Fg.3-41. There is no clear increased
porogity zone adjacent to the fracture surface found on the autoradiograph. The porosity

perpendicular to the fracture surfece,

1 1. 1m wall rack

Sawings perpendicular to fracture surface of wal rock sample structure #21
in KI0023F:71.1m for autoradiography to provide profile measurements.

T Hm T

N
Sawings pardld to fracture surface of sample structure #21 in
K10023F:71.1m for autoradiography to provide porodty hisograms at
different depths. Length of sampleis 83 mm.

profile measurement is shown in Fg. 3-42.



Figure3-41.  Photograph of rock surf of samplell

sawn pardld to fracture surface (I €ft), corresponding autoradiograph

(center, 20 d exposure) and superimposed image (right) showing porous
areas (>0.5 %), where MMA hasintruded.
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Fgure3-42. Theintegraied porogty profile of sample Il structure #21 in KIO023F.71.1m,
measured garting from the fracture surface. The scan width was 0.7 mm and

totd of 2 profiles were measured.

The porogity digtribution was measured from the autoradiogrgph shown in Fg.3-41 and the
higogram is presented in Fg. 3-43. A totd porogty of 0.3 % was measured and the highest
porosities were ranging from 4 to 5 %.

47



?

areafraction
-

OO0\

N

7%,

1 2 3 4 5 6

porosity (%)

Figure3-43.  Porogty histrogram of sample structure #21 in KIO023F:71.1m. Tota
porogity of rock matrix is 0.3 % as observed with PMMA method.

The photographs of rock surfaces of sample structure #21 in KI0023F.71.1m sawn pardld
to the fracture surface and the corresponding autoradiographs are presented in Figure 344.
Porous minerd grains and open mingd gran boundaries form connected networks of
migration pathways. These pathways surround fddspar grains which are dightly porous. A
few cracks and fissures transsect large potassum fedspar phenocryss. There is not any
increased porosity found adjacent to the fracture surface.

T
Figure3-44.  Photo images of rock sur faces sawvn padld to fracture surface (l€ft),
corresponding autoradiographs (center, 14 d exposure).
Depth from the fracture surface is shown in the far right column.
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335 #20 KI0025F02:74.6m

Expaimentd conditions for the wadl rock sample from intercept dructure #20 in
K10025F02:74.6m are presented in a table in Appendix 3. The sample was sawn according
to the partition diagraphs shown in Figures 3-45 and 3-46.

74.6m wall rock

Fgure3-45. Wall rock sample structure #20 in KI0025F02: 74.6m sawn perpendicular to
fracture surface for autoradiography to provide profile measurements.

1a 2a 23 4b

o

: -..

Figure3-46. Wall rock sample#20 K10025F02:74.6m sawn paral lél to fracture surface
for autoradiography to provide porosity higograms a different depths.

A photograph of the rock sample Il structure #20 in KI0025F02:74.6m, the corresponding
autoradiograph and the superimposed image showing arees, where MMA  has intruded are
presented in Fig. 347. The zone of increased porosty is a fev mm in width as shown in
porosty profile in Figure 348. The dtered minerd phase next to increased porodty zone is
nonporous with the PMMA method. The porous veins are locdized in dark minerd aress.
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Figure 3-47.  Photograph of wall rock sample Il structure #20 in KIO025F02:74.6m (l€&ft),
corresponding autoradiograph (center) (14 d exposure) and superimposed
image (right) showing porous areas, where MMA hasintruded. An arrow
shows the fracture surface.
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Figure 3-48. Theintegrated porogty profile of sample |l structure#20in
K10025F02:74.6m, measured Sarting from the fracture surface.
The scan width was 0.9 mm.

The autoradiographs provided from rock surfaces sawn pardld to the fracture surface are
shown in Fgure 3-49. The measured porogty hisgogram from the fird autoradiogrgph
taken a a depth of 2 mm from the fracture surface is presented in Figs. 3-50. At this depth
highly porous phases were found; up to 8-10 %. The porosity pattern was heterogeneous,
but no dearly vishble cracks were found.
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|

Photo images of rock surfaces sawn pardld to fracture surface (l€ft) and

corresponding autoradiographs (right, 13 d exposure).

Figure 3-49.

Depth from the fracture surface is shown in the far right column.

uonoe.jeame

porosity (%)

autoradiograph taken of first rock surface a a depth of 2 mm from fracture

surface shown in Fgure 3-49.

Figure 3-50.  Porogty digtribution presented as PMMA histograms provided from
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3.3.6 #20 KA2563:188.7m

Expaimentd conditions for the wadl rock sample from intercept dructure #20 in
KA2563:188.7m are presented in a table in Appendix 3. The wal rock sample gructure #20
in KA2563:1838.7m was not impregnated thoroughout with MMA and one piece of the
sample was impregnated twice (188.7 11). The sample was sawn according to the partition
diagraphs shown in Figures 3-51 and 3-52.

Figure3-51. Wall rock sample structure #20 in KA2563:188.7m sawn perpendicular to
fracture surface for autoradiogragphy to provide profile measurements.

Q=i
w . B L o 5 = £ Z i F
mu&mlluhlmﬂum“L'|.'.|.1.|.15.'.u',1'.1u'.1i bt il b sl beedaod i fviord

Figure 3-52.  Wal rock sample | structure #20 in KA2563:188.7m sawn pardld to

fracture surface for autoradiography to provide porogity hisograms at
different depths.
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As shown in autoradiograph of rock sample | structure #20 in KA2563:188.7m in Fig. 3-53,
the rock matrix is very dense adjacent to the fracture surface. The nonporous zone is about
2 cm in width. A few cracks and fissures were found. A porous ven transsect the sample.
The porogty digribution is shown in two higograms in FHg. 3-54. A fddspar area (region
A) showed anomdous porodty; 0.35 and up to 8-10 % porogty was meaesured. Dark

minera aess had totd porogty of 0.2 %, and locd porosties of up to 4-5 % were
measured.

41 mm

Figure 3-53.  Photogrgph of wall rock sample | structure #20 in KA2563:188.7m (|&ft),
corresponding autoradiograph (center) (20 d exposure) and superimposed
image (right) showing porous areas >0.5 % porosity (red).
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of porodty measurements. Hisograms showing porosity digtribution in

measured regions.
shown in Hg. 3-55. No cracks or fissures observed, the matrix is nonporous with the

One autoradiograph provided from rock surfaces sawn pardld to the fracture surface is
PMMA method.

Figure3-54.  Autoradiograph of sample| structure #20 in KA2563:188.7m showing aress

45 mm

Photo image of rock surfaces sawn pardld to fracture surface (|€ft),

corresponding autoradiograph (center, 14 d exposure).
Depth from the fracture surface is shown in the far right column.

Figure 3-55.



4. Conclusions and discussion

Interconnected porodty, microfracturing and porodty profiles next to water conducting
fractures of dtered A0 diorite samples from the interpreted deterministic Structures a
TRUE Block Scde Ste were sudied by using the 4C- and the 3H-PMMA methods. The
heterogendties in the porodty didribution could be visudized in the three caegories of
rock samples. fault breccia fragments (1-2 mm), fault breccia pieces (1-3 cm) and wall rock
samples.

The PMMA method was tested here to sudy the porodsty and microfracturing of the fault
breccia fragments having particle szes of 05 to 2 mm. Some of the rock fragments were
eadly impregnated with MMA and the method worked. It is recommended to use the
patide szes dbove 1 mm. The rexdlution of the autoradiographs was good enough to
reved the porodty didribution of the fragments especidly the autoradiogrgphs provided
with H labdled PMMA. The digitizing of the autoradiographs hes to be performed using
higher resolution than 600 dpi to utilize dl informetion from the autoradiographs. The CCD
canga which is used through the microscope to digitize the autoradiographs would
improve the results of the fragments. The fault brecca pieces were easly impregnated with
“C-MMA. The C-PMMA autoradiographs reveded the sructures of this sample type
effectivdy.

Sx wal rock ssmples were impregnated with **C-MMA. There were problems in the
impregnation. Very tight dtered minerd phaeses proved to be nonporous with the PMMA
method. MMA does not intrude into the pores, if the drying process has not been effective
enough to remove dl the porewater from the narrow pores of the minerds. The drying
temperature varied from 70 to 90 °C in this study. To be sure tha the porewater is removed
and to avoid the problems, the drying temperature of rock samples should be increased to at
leest 105 °C [11]. This drying temperature is used in dandard water gravimetric porogty
measurements. Another reason for unsatisfactory results could be too short impregnation
time. The impregnation time that ranged between 5 to 7 days could be increased to 2 or 3
weeks. The impregnation times and drying temperaures were chosen according to the
earlier work experience of this sze fresh granitic rocks, where the problems had not arisen.
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APPENDICES

APPENDIX 1 Experimenta procedure of fault brecciafragments
APPENDIX 2 Experimenta procedure of fault brecciapieces

APPENDIX 3 Experimenta procedure of wal rock samples

APPENDIX 4 Examples of porosity messurements of **C-MMA impregnated

fault breccia fragments sructure #22 in K10025F02:66.7m 1-2 nm

APPENDIX 5 Examples of porosity messurements of *H-MMA impregnated
fault breccia fragments structure #22 in KI0025F02:66.7m 1-2 mm

APPENDIX 6 Examples of porosity messurements of *H-MMA impregnated
fault breccia fragments structure #20 in K10023B:69.9m 1-2 mm
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'YC-PMMA Fault breccia fragments' experimental procedure

APPENDIX 1 (1)

code diameter COd?’ in_weight priority -drying tra}c?r impregnation radiation polishing putoradiography
(mm) pxperiment | (g) (time/temp) |activity dose

K,OOZ’Z,Z;%Z“J 0510 | testl 0.0758| 1 [Ld/120°C .7 nGiml 1d 76kGy | 1. zl_é‘f(xp%‘;i‘i;elidd
0510 | test2 D.1254| 1 Bd/120°CD.7 nCilml 1d 26 kGy 1. 21.éixp%%i%ell4dd

2. 1l.exposure 5 d

1-2 test3 0.6533| 1 pd/120°C{L.2 mCiiml 1d 79 kGy 1. leé‘j(xp%‘;i‘;;elédd

2. l.exposure2 d

3. 1l.exposure 5 d

4. l.exposure 2 d

1-2 test4 0.2077 1 2 d/120°C p5 nCi/ml 1d 71 kGy 1. l.exposure4d

2. 1l.exposure 2 d

3. 1l.exposure 5 d

4. 1.exposure 2 d




*H-PMMA Fault breccia fragments' experimental procedure

APPENDIX 1 (2)

code diameter | codein weight priority drying tracer impregnation radiation polishing putoradiography
(mm) pxperiment | (g) (time/temp) |activity dose
#22 0 :
L 10025F02:66.7 1-2 test 5 0.2319 1 7d/120°C |3 mCi/ml 2d 105 kGy 1. 1.exposure 2 d
5 l.exposure2 d
' 2.exposure 2 d
3 l.exposure5d
' 2.exposure 2 d
#20 o .
K10023B:69.9 0.5-1.0 test6 [0.0731 3 1d/120°C |3 mCi/ml 1d 124 kGy 1. 1l.exposure 2 d
2. l.exposure 2 d
3 l.exposure5d
' 2.exposure 2 d
1-2 test 7 0.1607 3 1.d/120°C |3 mCi/mi 1d 75 kGy 1. 1l.exposure 2 d
5 1l.exposure 5 d

2.exposure 2 d




'YC-PMMA Fault breccia pieces' experimental procedure

APPENDIX 2

. A drying - . . e
code weight priority (time/temp) tracer activity | impregnation | radiation dose
A
#22 11.95 g 1 3d/75°C | 25 nciml 4d 50 kGy
K10025F02:66.7 '
#20 0 :
K10023B:69.9 10.58 g 3 3d/75°C 25 mCi/ml 4d 50 kGy
B
#22 1.46 1 3d/120°C 0.7 mCi/ml 1d 100 kG
K10025F02:66.7 09 - y
#20 0 -
K10023B-69.9 5.01 ¢ 3 3d/120°C 0.7 mCi/ml 1d 100 kGy
code autoradiography code autoradiography
#22 A-B l.exposure 5 d #20 A-B 1.exposure5d
K10025F02:66.7 2.exposure9d K10023B:69.9 2.exposure9d
1l.exposure 4 d 1.exposure 4 d
A-C 2.exposure 9d A-C 2.exposure 9 d
l.exposure 4 d 1.exposure 4 d
A-D 2.exposure 5 d A-D 2 exposure 9 d
3.exposure 6 d
B l.exposure 7 d A-E l.exposure 5d
2.exposure 12 d 2.exposure 9d
A-F 1.exposure 7 d
B 1.exposure 7 d

2.exposure 12 d




1YC-PMMA wall rock samples' experimental procedure

APPENDIX 3 (1)

d length | diameter iorit drying tracer activity | impregnation | radiation toradi h
code (mm) (mm) | POV (time/temp) |  (mCi/ml) (time) (dose) | 2utoradiography
#22 o 1.exposure 3 d
K10025F02:66.7m >0 o1 ! 6d/90 °C 25 7 d 100 kGy 2.exposure 10 d
2.impregnation (I11) 7d/70°C 25 9d 60 kGy 1.exposure 10 d
#23 o 1.exposure 3 d
KI10025F03:56.8m | 2 51 2 |6d/90°C 25 7d 100kGy | 5 axposure 10 d
- . 0 1.exposure 9 d
2.impregnation (1) 7d/70°C 25 9d 60 kGy 2.exposure 18 d
#20 o 1.exposure 3 d
K10023B:69.9m | 20 51 3 |6d/90°C 25 . 100kGy | 5 exposure 10
2.impregnation (1) 7d/70°C 25 9d 60 kGy 1.exposure 10 d
#21 0 l.exposure 7 d
KI0023F71.1m | o0 o1 4 |4d/70°C 25 10d 65KGy | 5 exposure 14 d
#20 o 1.exposure 6 d
KI0025F02:74.6m | °° 51 5 |5d/90°C 25 10d 110kGY | 5 exposure 14 d
#20 o 1l.exposure 7 d
KA2563:188.7m 85 41 6 5d/90°C 25 10d 110 kGy 2.exposure 14 d
2.impregnation (I1) 6d/90°C 25 10d 90 kGy 1.exposure 14 d




APPENDIX 3 (2)
The succession of impregnation and exposure employed to the ”66.7m wall rock” sample

#22
K10025F02:66.7

l.impregnation | I-A

autoradiography

1.exposure 3 d
2.exposure 10d

I-B 1l.exposure 15d
I-C 1.exposure 15d
fractured surface A | I-1a l.exposure 14 d
[-2a 1.exposure 14 d
2.exposure 8d
1.exposure 8 d

1-2b 2.exposure 10d
I-3a 1l.exposure 14 d
) 2.exposure 8 d
1.exposure 8 d

1-3b 2.exposure 10d
LA 1.exposure 3 d

2.exposure 10d
11-C 1.exposure 14 d

I1-D 1.exposure 15 d

11-E 1.exposure 15 d
fractured surface B | 11-1a 1l.exposure 10 d

I1-2a 1.exposure 10 d

11-3a l.exposure 10d
11-4b 1.exposure 10 d
11 1.exposure 3 d
2.exposure 10 d
1.exposure 9d
2.exposure 18 d

2.impregnation | ITI-A

1.exposure 9 d

111-B 2.exposure 18 d




The succession of impregnation and exposure employed to the ”56.8m and 69.9m wall rock” samples

#23

#20

K10025F03:56.8 autoradiography | |50>35:69.9 autoradiography
- - 1.exposure 3d : : 1.exposure 3 d
Limpregnation | I-A 2.exposure 10d Limpregnation I 2.exposure 10 d
1-B 1.exposure 15d I-1a 1.exposure 10 d
I-C 1.exposure 15d I-2a 1.exposure 10 d
11 1.exposure 10d I-3a 1.exposure 10 d
1-4b 1.exposure 10 d
1.exposure 3 d
II 2.exposure 10 d
3.exposure 14 d
, , 1.exposure 9d . . 1.exposure 9 d
2.impregnation | II-A 2_exposure 18d 2.impregnation I-A 2.exposure 20 d
ILB 1.exposure 9d LB l.exposure9d
2.exposure .18d 2.exposure 20 d
II-1a 1.exposure 13d
I1I-2a 1.exposure 13d
11-3a 1.exposure 13d
11-4b 1.exposure 13d

APPENDIX 3 (3)



APPENDIX 3 (4)

The succession of impregnation and exposure employed to the ”71.1m, 74.6m and 188.7m wall rock” samples

#21 . #20 . #20 .

K10023F:71.1 | duteradiography |\ qyo5r05. ¢ | Autoradiography | )\ ,5qs.1gg7| autoradiography

1l.exposure 7 d 1.exposure 6 d 1.exposure 7 d
I 2.exposure 14 d 1 2.exposure 14 d I 2.exposure 14.d
' ' 3.exposure 20 d
I-1a 1.exposure 14 d I-1a 1.exposure 10 d I-1a 1.exposure 14 d
I-2a 1.exposure 14 d I-2a 1.exposure 10 d I-2a 1.exposure 14 d
1-3a 1.exposure 14 d I-3a 1.exposure 10 d I-3a 1.exposure 14 d

1-4b 1.exposure 10 d
l.exposure 7 d l.exposure 7 d
11 2.expposure 14 d II 1.exposure 6 d II 2.exp|?osure 14 d

3.exposure 20 d

2.exposure 14 d

3.exposure (2.imp) 14d




APPENDIX 4 (1)

Fault breccia fragments, '*C-PMMA impregnated (5 days exposure)
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APPENDIX 4 (2)

Fault breccia fragments, '*C-PMMA impregnated (5 days exposure)
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APPENDIX 5 (1)
Fault breccia fragments, *"H-PMMA impregnated (5 days exposure)
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APPENDIX 5 (2)

Fault breccia fragments, *"H-PMMA impregnated (5 days exposure)
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APPENDIX 6 (1)

Fault breccia fragments, *"H-PMMA impregnated (5 days exposure)
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APPENDIX 6 (2)

Fault breccia fragments, *"H-PMMA impregnated (5 days exposure)
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