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The paper overviews the option of using cement-based materials as an engineered barrier for HLW disposal. This
option has a number of advantages. For instance, it provides an effective chemical barrier; decreased corrosion rate
of iron containers; is characterized with high gas permeability; ensures the use of the same type of material both for
HLW and ILW disposal and easy handling. The main drawbacks associated with cement material use is the increased
corrosion rate for the glass matrix containing vitrified HLW, as well as relatively high permeability for weakly absorbed
radionuclides, such as #°I and 3¢Cl. However, advantages of this barrier material are supposed to override all the
negative aspects as regards the RW disposal project to be implemented in Nizhnekansk rock massive envisaging
compact HLW disposal in 75 m deep disposition holes with bentonite barrier and insignificant I and *Cl content.
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Introduction

Nizhnekansk (NKM) disposal concept suggests
combined emplacement of HLW and ILW at two levels
of a repository located at a depth of 500 m and having
a footprint of 300x700 m. HLW are placed into verti-
cal 75 m deep disposition holes, whereas ILW are dis-
posed of in horizontal excavations. Bentonite blocks
were proposed as the main barrier material for HLW
disposal, whereas a cement-based mix was proposed
as a backfill material for ILW disposal [1].

This paper evaluates the possibility of using cement-
based materials for engineered barriers construction
in HLW disposal facility. This material is being con-
sidered as an alternative engineered material for the
NKM disposal project. Currently, cement material use
is actively discussed under various disposal concepts
developed abroad, including the “supercontainer”
concept under the Belgian case study [2] and multi-
purpose containers for HLW and SNF disposal [3].

The translation is done by N. S. Cebakovskaya
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1 Advantages of using cement in the engineered
barrier system of deep geological disposal
facilities

1.1 Physical containment?

At the post-closure stage, cement backfilling will
ensure alkaline conditions for the ground water
flowing into the repository (pH > 10) and saturate
it with calcium ions. This process will decrease the
dissolution rate for materials contained in ILW [5].
At the same time, corrosion of RW packages and
containers will shortly result in the uptake of oxy-
gen penetrated to the disposal facility during its
construction and waste package emplacement. Low
oxygen content and elevated pH will contribute to
sustaining the integrity of waste packages at the

! This definition is widely used worldwide. The definition presented
in [4] means preventing or controlling the release and the dis-
persion of radioactive substances in the environment (which is
similar to Russian wording “localization”)
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Figure 1. Decrease in the total specific activity level with time
for HLW and ILW starting from the waste emplacement time
(conservative estimates)

post-closure stage due to the drastically decreased
corrosion of iron containers.

The degree to which RW packages preserve their
isolation capacities will change depending on
chemical properties of relevant radionuclides, RW
forms and container backfilling. Estimates show
that packages may remain intact from several hun-
dred years for most mobile nuclides escaping frag-
mented HLW forms via ventilation holes to up to
tens of thousand of years for absorbed radionu-
clides in cemented RW [6].

It seems reasonable to suggest that a period of
1,000 years® can be seen as an average timeframe
for which package sealing capacity can be ensured.
During this time period HLW activity level will de-
crease to some 0.1 % from the initial value and up to
6% for ILW (figure 1).

1.2 Chemical containment

Physical containment provided by the cement
backfill ensures a sufficient time period during
which the major part of radionuclides shall remain
confined within the package. However, this is not
sufficient to confine a small portion of radionu-
clides having a half-live of over several thousand
years [7]. Cement barrier shall primarily act ensur-
ing the containment for a long time period — some
1,000,000 years given all possible changes in ground
water flows and geochemical conditions inside the
disposal facility. This requirement can be fulfilled
through the use of a cement backfill ensuring the

2 This sealing capacity time period is set forth by regulation
ND-093-14 Acceptance Criteria for Radioactive Waste Disposal.
However, vitrified HLW resulted from SNF reprocessing when U
and Pu components are retrieved and long-lived radionuclides
(such as **Cl and 1) are carried over, most of the activity de-
creases within approximately 300 years (see figure 1) and the
time period the package can remain intact may be much shorter
with no major damage caused to the environment.
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required chemical environment, decreasing solu-
bility and increasing radionuclide sorption.

Ground water high pH level is consistent with the
prevailing content of hydroxyl ions (OH)- which
is higher then of other ions, for example, nitrates
and di-carbonates resulting from RW leaching or
introduced with ground water flows. Radionuclides
present in the form of soluble chemical compounds
react with highly alkaline water producing oxides
or hydroxides with low solubility levels in relation
to many radionuclides (figure 2, [8]). Precipitation
of radionuclides from the solution decreases their
transfer with ground water flow.

Cement materials have a large active surface area
by means of which radionuclide species can be pro-
duced. For example, if granular type material NRVB?
enters aqueous plutonium solution with pH =10
(plutonium has very low solubility under such con-
ditions), plutonium sorption provides a 10,000-fold
reduction in its concentration in the solution [9].
This effect also ensures radionuclide retardation
due to which most part of them will decay in-situ.

The goal of maintaining high pH levels in the
near-field for a long time period is seen as the pri-
mary one for cement buffer use in the disposal fa-
cility. Relatively high permeability and porosity
provides for a homogeneous chemical environment
preventing the formation of particular areas where
requirements for sorption conditions and decreased
solubility may not be met.

Chemical containment is mostly ensured for ac-
tinoids (thorium, uranium, plutonium and etc.)
and other elements present in RW in the form pos-
itive ions or neutral compounds. These elements
provide for the major part of HLW and ILW radio-
activity. There are two main types of radionuclides
for which chemical containment is considered to
be of low efficiency. Although their activity levels
in the disposal facility are relatively low, based on
these radionuclides actually that the long-term
radiological hazard of the system is determined.
These radionuclides can form gaseous compounds
not interacting with cement (for example, “C in
methane) and long-lived radionuclides with low
solubility, such as I and 3¢Cl present in the form
of anions.

1.3 Other advantages of cement-based material use

In a disposal facility, corrosion of iron and other
metals taking place in anaerobic conditions (no ox-
ygen) results in gas generation. Gas may be gener-
ated due to organics decomposition resulting from
microbiological activity, radiolysis and radioac-
tive decay. Excess pressure may thus be developed

* Mixture with mass fractions of Portland cement (26 %), ground
limestone (29 %), hydrated lime (10 %), water (35 %). In the UK
disposal concept, this mixture is proposed as a backfill for HLW
and ILW disposal. Whereas, in the NKM project it is proposed as
an analogue of cement barrier for ILW

Radioactive Waste Ne 1 (2), 2018
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Figure 2. Oxide solubility levels for pH = 12—13, absence of strong complexing agents and oxidants.
Data not available is marked with ™ [8]

inside the containers and engineered barriers. To
prevent this, the gas has to escape the packages and
the near field of the disposal facility. The required
permeability of cement-based materials is readily
attainable owning to their high porosity (see, for
example, [10]). If the requirements set for a disposal
facility include the possibility of waste retrieval af-
ter the backfilling is installed, cement-based mate-
rial strength may be considerably low (for example,
for hydraulic washing out [11]) with all other neces-
sary properties maintained.

2 Challenges for cement-based materials use

From the long-term safety perspective, the main
challenges associated with the use of cement-based
materials for barrier construction in deep geologi-
cal disposal facilities may be exemplified as follows:
- Chemical containment must be ensured during

the required period of time — hundreds of thou-

sands of years;

« Chemical containment must be effective all across
the disposal area given the heterogeneity of RW
emplacement and ground water flows;
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« Generation and transport of colloids providing for
insoluble form of radionuclides;

« Tolerability of cement-based materials under re-
pository thermal conditions (over 100 °C);

- High rate of HLW glass-matrix dissolution in al-
kaline media.
These issues have been studies for a long time

with some of these finding presented below.

2.1 Extended time scales

Most part of radionuclides will decay inside the
near-field of a repository given that the chemical
containment conditions retarding radionuclide re-
lease are maintained for hundreds of thousands of
years. To check if these conditions can be met, a
combination of accelerated laboratory tests, mod-
elling and surveys have been performed at a unique
site containing “natural cement” — Makarin deposit
(Jordan). Some tens of thousands of years ago, bi-
tumen containing clayey limestone caught fire and
and its its burning resulted in a material very simi-
lar in its properties to common Portland cement
(CPC) [12].
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2.1.1 Long-term conditioning of ground water

Having reacted with cement backfill, the ground
water flowing into disposal facility becomes alka-
line due to the dissolution of backfill active compo-
nents containing calcium hydroxide and cement gel
generated due to CPC hydration. The time needed
for such ground water conditioning may be evaluat-
ed based on the amount of alkaline materials in the
backfill and their solubility rate. Such evaluations
based on the accelerated leaching of cement ma-
terial [13, 14] have shown that it contains enough
calcium hydroxide to condition water to the level
of over 12 pH and the water volume could be more
than 200 times higher than the backfill one. After
the calcium hydroxide is dissolved, ground water
conditioning will proceed due cement gel dissolu-
tion. The volume of water with pH > 10 conditioned
via this mechanism will be approximately 800 times
bigger than the gel volume. Thus, the total water
volume that can be conditioned due to its reaction
with cement material of NRVB type to the initial
level of pH=7—10 is approximately 1,000 times
higher than its volume.

Simple estimates show that the amount of cement
around 3.5 m tall HLW package with a diameter of
0.7 m in a deep geological disposal facility with av-
erage hydraulic permeability values amounting to
0.04 m/year, hydraulic pressure gradient — to 0.05
[15] and vitrified HLW placed in vertical disposition
holes, shall approximately account for 19 m3. This
amount of cement corresponds to a disposition
hole with a diameter somewhat bigger than 2.5 m
and its drilling is not considered to be complicated
from the technical point of view.

These estimates account for “focusing” effect of
the water flow passing through the backfill having
higher hydraulic permeability than the bed rock, as
well as conditioning of groundwater by other ma-
terials in the disposal facility. In particular, forma-
tion of acids reducing the pH level may result from
the decomposition of organics, for example, poly-
vinylchloride contained in ILW. Estimates [14] show
that the presence of one weight present of organ-
ics decreases the conditioning capacity of cement-
based material approximately by 20 %. On the other
hand, availability of repository structure mate-
rial containing cement, such as cement grouting in
containers and cement backfilling of ILW disposal
caverns make up by wide margins for the possible
decrease in pH due to organics present [13]. Thus, if
during repository system evolution the backfilling
material is altered only due to its interaction with
ground waters, their conditioning in case of vitri-
fied HLW disposal under NKM project can be en-
sured within a wide safety margin for a million of
years after the repository is closed.

As it was mentioned before, its calcium hydroxide
and cement gel contained in the backfill material
and generated due to CPC hydration that ensure
ground water conditioning. Calcium hydroxide is
present in crystalline form which is not subject to
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any alterations with time (if no dissolution reac-
tion takes place) unlike amorphous cement gel that
can undergo crystallization becoming similar in
its form to natural cement materials. It looks quite
possible that higher stability of crystalline mate-
rial will result in lower pH values attained during
ground water conditioning compared to those of
the cement gel. Under natural temperature condi-
tions crystallization process occurs very slowly.
Tens of thousands year old cement gel found in
the natural deposit Makarin (see for example [12])
clearly demonstrates this fact. Gel crystallization
process was simulated under laboratory conditions:
artificial ageing of gel at 80—120°C [13] resulting
in formation of naturally occurring materials. Un-
der these conditions pH values of water dropped
approximately by one unit.

2.1.2 Long-term alterations of sorption capacity

Minerals contained in cement are characterized
by high radionuclide sorption capacity which was
evidenced through a big number of experiments.
Thus, this is seen as the second mechanism ensur-
ing chemical containment. Such experiments are
carried out using “fresh” cement which is consid-
ered to be a potential disadvantage, as a question
arises: whether the performance of this material
will be maintained during the timescales consid-
ered in relevant safety assessments.

This effect was investigated in more detail in
[11] focused on uranium sorption by (a) samples of
NRVB material leached until complete elimination
of calcium hydroxide, and (b) other samples of this
material held at 120 °C for 6 months resulting in ce-
ment gel crystallization. The experiments showed
that such treatment had no effect on material sorp-
tion properties. [13] provides the findings of inves-
tigations involving samples containing thorium,
uranium and plutonium “aged” using the same
method. For thorium, 10% of initially absorbed
substance passed into solution under the “aging”
process. Other actinoids remained in new crystal-
line phases generated from gel. Uranium was fully
contained in newly generated minerals, whereas
plutonium passed to newly formed calcium crys-
tals. NRVB ageing resulted in 10-fold decrease of
uranium solubility rate. However, plutonium solu-
bility remained the same. These experiments have
shown that cement materials “ageing” has only in-
significant impact on their sorption properties.

2.2 Heterogeneity

The assessments assumed that homogeneous
mixture of backfill, pore liquid and radionuclides
(excluding highly soluble and non-absorbed) in the
form of oxides or hydroxides generated under high
pH values is present in ILW disposal. Permeability
of ILW disposal system was supposed to be equal
to the one of the backfill, thus, enabling to evaluate
cement material conditioning capacity as a whole.

Radioactive Waste Ne 1 (2), 2018



HLW Disposal of in Vertical Deposition Holes with Cement Backfill —

Pro and Contra With Regard to Long-Term Safety of a Geological Disposal Facility

These estimates provide no account for non-unifor-
mity of ground water flow and the ILW disposition
inside waste packages.

2.2.1 Non-uniformity of ground water flow

The biggest non-uniformity of ground water flow
is supposed to take place if large highly permeable
fractures are developed. Such fracturing can result
in the formation of channels intensifying ground
water flow and, thus, causing local losses of condi-
tioning capacities provided by the cement backfill.

In the extreme case, when the fractures become
the only medium for ground water flow, diffusion
through the backfill material and waste packages
is supposed to be the only mechanism for radionu-
clide transfer. These considerations demonstrate
that the model of a uniform flow moving through
hypothetically homogeneous mixture of RW and
backfill will be more conservative than the model of
fractured backfill and packages.

It appears that some degree of backfill shrinking
and its fracturing is inevitable. These processes are
expected to occur at the early post-closure stage
until full saturation of the repository. [16] provides
some attempts to simulate backfill material fractur-
ing processes. Figure 3 shows the key mechanisms
that can possibly result in cement matrix and back-
fill fracturing [16].

The most significant ones are as follows:

« Plastic deformation due to cement grout shrink-
ing caused by fluid losses (horizontal fractures
with an opening width of up to 2 mm);

- Early thermal shrinking at the solidification stage
(deformation is caused by cooling of the solution
earlier expanded due to chemical reactions; for-
mation of vertical fractures with an opening width
of up to 0.2 mm);

- Thermal expansion of metal packages and re-
inforcement metal of concrete containers (the
amount of corrosion products is significantly

10°
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Figure 3. Possible mechanisms inducing changes in sizes at
different stages of matrix and backfill material evolution in a
deep geological disposal facility. Lighter blue color indicates
the increase of liner size. Deformation suggests relative
changes in liner size.
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higher than the initial amount of relevant mate-
rial) and the pressure produced by gases generated
due to corrosion process.

The latter two mechanisms may result in fractur-
ing with an opening width of up to 5 mm. Quantita-
tive estimates for water transfer, presented in [16],
have shown that backfill fracturing may result in
some 3-fold increase in ground water flow through
a particular disposal chamber.

Products generated due to the interaction of
ground water and cement backfill may precipitate
at the surface of fractures penetrating the backfill
which is another possible impact. Depending on
ground water chemical content, for some of the
products resulting from such interaction the per-
meability is low and they may isolate the ground
water flow from the main backfill material enabling
to achieve high pH as the result of ground water
conditioning (see, for example, [7]).

If the backfill is fully intersected with a fracture,
this effect produces no negative impact as the lim-
ited ground water conditioning also suggests that
the sediments present at fracture surface will im-
pede radionuclide migration into fractures. How-
ever, if one side of the fracture passes the backfill
and the other — waste package surface, and reac-
tion products isolate the backfill surface, then un-
conditioned ground water may interact with RW.
Similar scenarios have been studied for ILW pack-
ages located immediately adjacent to each other.
Only these cases can result in a decrease of back-
fill chemical containment capacities due to ground
water flow non-uniformity. However, full-scale ex-
periments involving backfill and its cracking show
that formation of fractures at the interface between
the backfill and the package or between closely ad-
jacent packages can not be considered as the pre-
dominant fracturing mechanism. Isolating capac-
ity of products generated due to ground water and
backfill interactions is typical only for particular
combinations of ground water components.

Sediments are also expected to be produced at
fracture outlets in the backfill due to their inter-
action with ground water resulting in calcite for-
mation (CaCO,). According to [17] approximately
500 years later the amount of calcite resulting
from such interactions will prove to be sufficient
to seal smaller fractures and decrease the water
flow through the backfill. Experiments focused on
carbon pick up have shown that fractures with an
opening width of up to 0.1 mm can be sealed. At
the same time, Ca transfer from the backfill was re-
tarded by calcite deposits at the walls of fractures
having an opening with of over 0.2 mm and fracture
sealing process is slowed down.

Dissolution of the backfill at its interface with
the bed rock will take place in parallel with sedi-
mentation of newly generated minerals produced
due to the interaction of ground water solutions
with cement hydration products. Sedimentation
of secondary minerals may result in the sealing
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Figure 4. Photos of fractures sealed with calcite during alkali
plume migration in the Makarin mineral deposit (Jordan) [24]

of fractures penetrating the bed rock and located
at the periphery of disposal caverns or boreholes
[18]. This process can also slow down the rate of ce-
ment barrier degradation due to a lower intensity of
ground water flow [19]. Self-sealing of fractures is a
quite known process observed in LLW and ILW dis-
posal facilities [20]. Figure 4 shows the calcite min-
eralization of naturally occurring fractures during
alkali plume migration from the Makarin mineral
deposit in Jordan [21].

To date, calcination process and fracture sealing
can be quite adequately described, that is why it is
no longer considered in a conservative manner un-
der quantitative safety assessments.

2.3 Formation of colloid particles

Chemical containment in mainly aimed at de-
creasing the concentration of radionuclides in the
aqueous phase due to their sorption and limited
dissolution. So due to colloids present in the flow,
the process looks quite more complicated, thus, un-
der certain extreme assumptions regarding colloid
concentrations and radionuclide content therein,
the rate of contaminant migration in the disposal
system can increase significantly.

Colloids may originate from repository struc-
ture materials. They can also be introduced to the
disposal system with ground water flow. However,
colloid-driven radionuclide migration may become
significant only if they are stable, mobile, their con-
centration is high and they have high sorption ca-
pacity. The first condition required — colloid stabil-
ity is hardly attainable when cement backfilling is
used: due to the highly alkaline media, colloids will
have an opportunity to interact with a big number
of other charged particles. During the experiments
carried out with cement materials, radionuclide
concentrations in the colloid fraction always proved
to be insignificant [22—24]. Low colloid concentra-
tions revealed during the experiments are believed
to be generated due to high ionic strength of solu-
tions. During the experiments, presence of colloid
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fraction resulted in a 30 % increase of uranium con-
centration [13]. This value is somewhat lower than
the experimental uncertainty of the solubility limit,
and much lower compared to the possible uranium
concentration increase due to formation of soluble
complexes with cellulose degradation products.

Concentrations of naturally occurring colloids
that may be introduced to the disposal facility with
ground water flow are believed to be very low. It is
not surprising as a significant part of naturally oc-
curring colloids originates from natural organics
(humus and microorganisms) and their concentra-
tions at repository depths are quite small. Event if
such colloids are introduced to the disposal sys-
tem they prove to be unstable given the high ionic
strength of ground water.

2.4 Alteration of cement properties
under thermal impact

Disposal of vitrified HLW suggests that stability
of material properties is ensured for a long-term
period (some 1,000 years) under high-temperature
conditions (over 100 °C*). As it was stated in previ-
ous sections of the paper, cement materials pre-
serve their properties providing a chemical barrier
under “ageing” conditions that were simulated by
high-temperature heating. This section summa-
rizes the data on the evolution of mechanical and
thermal properties of cement presented in [24].

Compression strength reduces approximately
by 25% when the material is heated up to 300°C,
under further heating it drops even more drastical-
ly. Cement dehydration is believed to be the cause
of strength reduction.

Elastic modulus (EM) decreases faster than the
strength and its values are much more sensitive
to the ambient environment impacts. Relative EM
value decreases as a liner function till 0 when the
material is heated from 100 to 800 °C. When heat-
ed to up to 300°C, EM values account for 40—90 %
from the initial ones. However, this fact does not
undermine the strength of the disposal system if
the stress loads on the cement material at the post-
closure stage is associated with compression. The
expected stress impacts on the material will be de-
creased due to the decrease in EM values, thus, re-
ducing the risk of its fracturing.

Thermal expansion factor for concrete (a mix-
ture of cement, sand and fillings) heated up to a
temperature of up to 300 oC is somewhat constant
amounting to some (10£2)-10-* mm/(mm-°C). Under
elevated temperatures, cement grout deformation
occurs due to dehydration driven compression, so
that negative strain appears.

* Cement is proposed as a buffer material for HLW disposal. This
high-level waste results from SNF reprocessing performed ac-
cording to modern technologies enabling to reduce HLW amount
but providing for an increase in their specific activity. Thus, buf-
fer potentially can be heated to up to 300 °C [24].

Radioactive Waste Ne 1 (2), 2018
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Heat transfer factor decreases as a liner func-
tion to up to 0.4 from the initial value when the
temperature rises from 20 to 300 oC.

Concrete permeability increases when the ma-
terial is heated. Based on the limited data available
on the increase of porosity values due to heating
and the observed correlations between porosity and
permeability, it was identified that when heated to
up to 300 oC the possible increase in the permeabil -
ity may 10 times exceed the initial value. This can
result in the increase of ground water flow through
the disposal system. However, a much higher in-
crease in porosity is believed to be due to cement
fracturing.

Based on [25], chemical composition of Portland
cement remains constant (not accounting for free
and bound water evaporation) till its heated to up
to 350°C. Overheating results in chemical decou-
pling of silicates present in the gel.

In general, all the research performed involving
both common and aluminous cement provide no
grounds to suggest that they can be considered un-
suitable for their use as buffer and structural mate-
rial inside disposal facilities under relevant thermal
conditions (over 100 °C).

2.5 Impact of cement materials on the dissolution
rate of HLW glass matrix

A little research has been done to date on this is-
sue and the currently available date deals mostly
with borosilicate glasses proposed abroad that are
very different from natrium aluminum-phosphate
glasses proposed in Russian designs. High dissolu-
tion rate was observed in laboratory tests involving
mock-up glasses and solutions. However, the actual
content of ground water and interacting engineered
barriers may reduce the conservatism of these pre-
liminary estimates.

Under conditions similar to neutral ones (pH = 7),
the initial stage of dissolution resulting from glass
interaction with water is characterized by water
molecular diffusion into glass structure and ion
exchange (stage I), followed by glass structure hy-
drolysis resulting in the glass component release
into the solution (stage II, “initial dissolution
phase”). These processes result in the formation of
a gel structure at the glass surface joined with sol-
uble components. Further dissolution is evidenced
through a drastic decrease in the rate of glass com-
ponent release to the solution (stage III, “slowed
down initial dissolution”). Once this process is
terminated, dissolution rate becomes rather con-
stant — by 3—4 orders of magnitude lower than the
value typical for stage III. The following stage IV is
called “residual dissolution stage”. In some cases,
once the stage IV is terminated the dissolution rate
increases again (stage V) [26]. These mechanisms
are well known. However, in some cases a fewer
number of dissolution stages can be identified (see,
for example, [27]).
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Figure 5. Correlations between the initial dissolution rate
of borosilicate glass involving 5 components and the
temperature. Filled areas indicated the range of solubility
rates identified for one of the glass components

Glass dissolution rate under phase II depends
on relevant pH value of the solution: it increases
drastically both in alkali and acid media. Figure 5
shows the correlation between borosilicate glass
dissolution rate and the temperature, as well as pH
values and its component release (aluminum, bo-
ron, silicon, natrium) [28]. The filled areas indicate
the range of possible dissolution rates identified for
one of glass forming components [28].

Modelling experiments [29—30] have shown that
the initial dissolution rate for borosilicate glasses
under 100 °C and neutral solution accounts for ap-
proximately 10-3—10-%? g/cm’day and increases
gradually with the increase in pH level (proportion-
ally to approximately 10%4H),

The dissolution rate for Russian natrium alumi-
num-phosphorus glasses under ambient tempera-
ture conditions for most highly soluble compo-
nents (like Na) was lower than 10-*—10-° g/cm?-day.
However, when aqueous vapor was heated enough
they started to recrystallize swiftly and the leakage
rate increased to up to 3 orders of magnitude with
many of residual elements (such as radionuclides)
transferred into colloid form [35—38]. Thus, under
HLW repository conditions, resistance of natrium
aluminum-phosphorus glasses may be lower than
the one of borosilicate glasses.

Experiments involving solutions having salt con-
tent similar to actual ground waters showed a de-
crease in glass dissolution rate — approximately by
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two orders of magnitude compared to a solution
with low salt content [39—42].

The computational model proposed in [43] ac-
counted for saturation of products generated due
to corrosion of iron container interacting with the
glass. It was shown that “quickly” soluble glass frac-
tion accounts only for some 1% of its initial activ-
ity for several decades. The rate of further glass
dissolution was shown to decrease by 3 orders of
magnitude.

As for glasses that have been staying in natural
environment for thousands of years, relevant stud-
ies have shown that the actual rate of glass disso-
lution always remained lower than the one derived
from parameter values of existing models [44, 45].

Preliminary estimates have demonstrated that
glass dissolution rate should not be seen as a fun-
damental factor. Even if it increases by 3 orders of
magnitude, this fact is not considered to be critical
for repository safety given that other barriers main-
tain their normal performance. Although more de-
tailed study is required on this issue.

Conclusions

Preliminary study of the data available has shown
that there are no reasons suggesting that cement
materials are not suitable for engineered barrier
construction in the Nizhnekansk HLW deep geo-
logical disposal facility. Relevant advantages can be
exemplified as follows:

- Formation of an effective chemical barrier decreas-
ing the solubility limit for the majority of radionu-
clides and ensuring an increased sorption capacity;

- Decrease of iron container corrosion rate by sev-
eral orders of magnitude;

- High gas permeability preventing the excess pres-
sure formation inside engineered barrier system
under anaerobic corrosion of steel accompanied
by hydrogen release;

- Fractures around the excavation can be “sealed”
using special calcite-type materials;

« A similar barrier is used both for ILW (in this case
cement is a common solution) and HLW disposal.
Negative impacts of cement backfilling present in
ILW disposal caverns on the bentonite (when it is
used as a barrier material for HLW disposal) may
be mitigated using a wider spacing between HLW
and ILW disposal areas;

- Cement material is easy to handle so that the
backfill can be installed even in deep disposition
holes (tens of meters). Installation of bentonite
buffer of proper quality may be quite complicated
from a technical point of view which overweighs
all the positive aspects associated with its use.

The required time period for ground water condi-
tioning (over one million of years) can be achieved
through the use of an adequate amount of cement
for barrier construction. For Nizhnekansk project,
the required diameter of the disposition hole ac-
counts for approximately 2.5 m.
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Cement cracking is not considered critical given
the low permeability of crystalline rocks. Potential
release of weakly absorbed radionuclides — 3°Cl and
12T through fractures present in the backfill is off-
set with a minor content of these radionuclides® in
the vitrified waste (these radionuclides are almost
completely eliminated during SNF reprocessing).

Fracture surface “reinforcing” and presence of
ground water flows at the interface “backfill — con-
tainer” will hardly play a major role. Although fur-
ther studies on this issue are required.

Colloid concentration in a solution with a high
ion content ensured by cement material is expected
to be negligibly low.

Cement heating to the highest possible tempera-
ture under repository conditions produces no im-
pact on the chemical containment ensured by ce-
ment material. Some deterioration of cement phys-
ical properties (such as higher water permeability
values) is not considered to be critical.

The most challenging issue is associated with the
high rate of HLW glass matrix dissolution in alkali
environment. However, it should be noted that this
high rate is typical only for early stages of glass dis-
solution and saturation of steel HLW container cor-
rosion products with glass degradation products.
We hope that the total radionuclide release under
this mechanism will prove to be insignificant (a few
percent).
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