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The article focuses on design options proposed for radioactive waste Class 1 (RW-1) transportation and horizontal
disposal in DGR using corrosion-resistant overpacks or packages. Since canisters with RW-1 are going to be shipped
from the PA Mayak site in TUK-108/; the article suggests that a special Pick Up and Packaging Station can be arranged
to provide RW-1 packaging in accordance with the DGR waste acceptance criteria for disposal. It also considers the
proposals on the fabrication of non-returnable packages and their transportation from the Pick Up and Packaging
Station to the horizontal RW disposal compartment. The article presents the proposed compartment layout. It provides
preliminary estimates regarding possible RW-1 and RW-2 disposal volumes assuming the concept of horizontal RW-1
disposal in the DGR.
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Introduction

For objective reasons, Russian deep radioac-
tive waste (RW) disposal designs [1] developed in
2013—2015 were adopted with complete data avail-
able neither on the inventory and characteristics of
RW Class 1 and 2 (RW-1 and RW-2) awaiting dis-
posal nor the transportation flow charts (TFC) for
accumulated RW container shipment from the PA
Mayak site.

Actual data on the vitrified high-level waste
(VHLW) inventory accumulated at the PA Mayak
site, namely, on its radionuclide composition and
specific heat release were analyzed after 2017.

In 2020, this analysis prompted the National RW
Operator (NO RAO) to pay closer attention to two
disposal options: either horizontal RW-1 disposal
or RW disposal in shorter vertical boreholes [2].

Since 2018, DGR designs have been developed ac-
cording to relevant provisions set forth in the DGR
Development Strategy [3]. Its 3 phases are envis-
aged to update the existing RW disposal concept
with an account taken of R&D performed in the
Underground Research Laboratory (URL) and the
surface Demonstration and Research Center and to
adjust the design estimates for DGR development
and operation.

Plans for the coming years were drawn by the
State Corporation Rosatom at the its meeting, i. e.,
first section of NTS-10, held on May 13, 2022, in
particular, the priority areas for further advance-
ment in RW-1 management designs and methods
to be implemented at DGR construction and opera-
tion stages including relevant studies focused on
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promising RW-1 packaging materials and feasibil-

ity assessment of the proposed disposal concept.

Promising designs of non-returnable RW packag-
es requiring further research were specified at the
meeting as well. This article discusses three types
of package designs, namely:

« corrosion-resistant container designed to accom-
modate 3 stainless steel canisters,

. corrosion-resistant steel container designed to
accommodate 3 canisters with a copper coating,

- thin-walled steel container with three thick-
walled packages made of corrosion-resistant ma-
terial (CRM) designed to accommodate a single
canister.

The paper considers the RW-1 management de-
sign options required in case of horizontal disposal
with an account taken of actual data on the char-
acteristics of accumulated vitrified HLW inventory
and the promising package designs and their pa-
rameters recommended at the Meeting.

1. RW-1 packages and their parameters

Design parameters adopted for corrosion-resis-
tant NCh overpacks and thick-walled CRM pack-
ages designed to accommodate a single canister, as
well as the refined material indicators specifying
their long-term corrosion resistance can be evalu-
ated and validated based on experimental studies
using a purpose-designed stand the development
of which was recommended in a decision adopted
at the Meeting.

At PA Mayak, each container holds a total of 3 can-
isters being 990 mm high. The canisters are filled
with glass only partially with an empty space of at
least 260 mm high remaining in their upper section.
Therefore, it seems feasible to cut this empty up-
per section before the canister is loaded into a NCh
overpack or package. In this case, the height of a
canister with vitrified HLW can be reduced to about
720 mm, thus, reducing the void space volume and
the height of the NCh overpack and packaging, as
well as their cost.

Therefore, but also to provide somewhat uniform
heat and pressure distribution and to damp the ex-
ternal influences, finely calcined quartz sand was
recommended to be poured into NCh overpacks
and CRM packages. Figure 1 presents the layout of
NCh overpacks and CRM packages.

Table 1 shows the parameters preliminarily esti-
mated for a NCh overpack and a CRM package.

Transportation of an assembled NCh overpack in
a transfer container PK/1 to the DGR’s Pickup Sta-
tion and further along the shaft and horizontal tun-
nels at the level of -70 m to the disposal compart-
ment is discussed below.

a b d

Figure 1. Preliminary designs:
a — corrosion-resistant NCh overpack designed to
accommodate a total of 3 canisters;
b — CRM packaging:
1 — body, 2 — vitrified HLW, 3 — lid; 4 — sand;
¢ — NCh overpack with three packages

Table 1. Preliminary parameters of a NCh overpack

and a CRM package
Corrosion | NCh and CRM package
Parameter overpack with | date a single canister
3 canisters NCh overpack
External diameter, mm up to 670 680 up to 730
Wall thickness, mm up to 30 upto40 upto8
Material Steelwith cop-— cpy 5t.3

per coating®

Total height (with lid,mm  up to 2,500 up to 900 up to 2,900
Buffer inside an over-
pack and a package 15 10 15

(sand), mm

*According to recommendations provided by NTC-10 held
on May 13,2022.

2. Transportation flow chart proposed for
package shipment from PA Mayak to the DGR site

Technical specifications for RW-1 management
should be reviewed with an account taken of over
100 ready-made transport packages TUK-108/r
available at the PA Mayak site that have been certi-
fied for rail transportation of containers with vitri-
fied HLW [4]. Moreover, in 2016, the St. Petersburg
branch of the Eleron-VNIPIET enterprise complet-
ed the development of a RW-1 container shipment
method that would enable container transporta-
tion from the PA Mayak site.

The HLW container management infrastructure
available at the PA Mayak site can be used to ship
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the accumulated RW-1 inventory in TUK-108/r. Due
to the strength loss experienced by some of the
canisters caused by their long-term storage, some
of the RW-1 canisters are going to be reloaded into
new ones of a similar design. At PA Mayak, such op-
erations have been performed routinely.

TUK-108/r would provide high-performance, safe
and cost-effective removal of the entire vitrified
RW-1 inventory accumulated at PA Mayak and its
transportation by rail to the DGR site.

However, this would require an additional pur-
pose-designed Pick-Up and Packaging Station to
be constructed (Figure 2) outside the repository
site, where the RW-1 canisters delivered to the site
would be repackaged from waste containers into
NCh overpacks meeting relevant waste acceptance
criteria for disposal [5].

Pick-Up & Packaging Station

PA Mayak

2400 km
Container shipment co?t\g:ers Nch body
and delivery to DGR Process and lid
in TUK-108/r by rail . stages
Rea?\l)& ?ade PK/1

Nch delivery for disposal into DGR in
PK/1 packages— via the Repackaging
building and DGR shaft

Figure 2. Layout of the Pick-Up and Packaging Station

Requirements set forth in the provisions of the
Federal Law 190-FZ [5] state that the repository
site (including the Repackaging building) can only
accept packages with waste that has been previous-
ly conditioned in accordance with relevant accep-
tance criteria. Therefore, it was recommended that
the Station provide waste packaging into NCh over-
packs assumed as completely ready for disposal yet
before being delivered to the DGR site.

The PK/1 transfer container, which is quite simi-
lar in its designs to the PK container discussed in
the technical specifications (TC), would help to
avoid a great number of RW-1 management opera-
tions in the Repackaging building. NCh overpacks
having a capacity of three waste canisters will be
delivered from the Pick-Up Station to the disposal
compartments with no additional reloading opera-
tions required.

Waste is going to be shipped within the MCC and
DGR industrial site. Certification of the PK/1 de-
signs may be started as soon as the transport flow
chart testing procedure is completed and should be
finalized before the shipment of NCh loaded with
RW-1 starts. According to preliminary estimates,
this may happen no earlier than in 8—10 years.

The new Pick-Up and Packaging Station should
provide remote waste management operations pro-
moting safety.

On Design Options Providing the Management
of Radioactive Waste Class 1 during DGR Establishment and Operation

In the future, the Station can be used for the pre-
disposal management of RW-1 streams that are
expected to be generated from the reprocessing of
spent nuclear fuel (SNF) at the MCC site. The ser-
vice life of the Station is expected to amount to at
least 50 years.

The Station was designed to perform the follow-
ing operations:

- acceptance and temporary storage of RW-1 con-
tainers delivered from the PA Mayak site in
TUK-108/1;

- acceptance and temporary storage of NCh bodies
and lids produced by a specialized enterprise;

- production of shortened canisters, alternate re-
loading of three RW-1 canisters from a container
into a corrosion-resistant NCh overpack, sealing,
temporary pre-disposal storage;

« NCh overpack installation into the PK/1 transfer
container, shipment for disposal.

According to the recommendations, canister
shortening operations involving a gripper used in
the reloading operations should be implemented at
the Pick-Up Station as well. To test the developed
transport flow chart proposed for RW management
at the Station and the one followed under waste re-
loading operations, dynamic digital models are go-
ing to be developed as part of a virtual Demonstra-
tion and Research Center.

Thick-walled packages made of corrosion-re-
sistant material and designed to accommodate a
single RW-1 canister mentioned in the decision ap-
proved at the NTS-10 Meeting as a possible alter-
native design option, would require the Station to
be fitted with a unit purposely designed to perform
relevant package handling operations.

Since RW-1 canister reloading into corrosion-
resistant NCh overpacks or into thick-walled CRM
packages are going to be performed upon their de-
livery from the PA Mayak site, restrictions on the
external package or overpack dimensions were lit-
erally lifted.

The Pick-Up and Packaging Station should be
established according to individual designs with
relevant engineering solutions and its operational
process harmonized with those proposed under the
DGR designs. The area around the Zavodskaya sta-
tion and the MCC’s Chemical Isotope Plant, which
is a terminal station of an existing railway extend-
ing from the PA Mayak site and the beginning of
its new feeder, is currently being considered as a
candidate site, which has been acknowledged in the
approved design documentation (DD) on URL and
DGR development [1].

Construction of an additional Station at the MCC
site is supposed to cut unnecessary costs and avoid:
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- the development and production of new TUK-140/1
containers making use of extensive transport and
packaging TUK-108/r capacities available at the
PA Mayak site and having appropriate certificates
authorizing RW-1 container transportation;
changes in the existing technical specifications
setting the procedure for RW-1 package shipment
from the PA Mayak site;

establishment of a specific production unit at the
PA Mayak site required to produce corrosion-re-
sistant NCh overpacks or CRM packages from the
blanks supplied to the site;

construction of an additional temporary storage
facility for new NCh overpacks or thick-walled
CRM packages at the PA Mayak site before their
shipment to the DGR site.

Apparently, a Pick-Up and Packaging Station at
a new site should be considered as a more prom-
ising and less costly option compared to the one
providing for some considerable alterations to the
existing PA Mayak production flow chart required
needed to implement similar functions. Costs are
expected to be cut substantially through the use
of existing TUK-108/r capacities and the existing
flowchart enabling RW-1 container shipment from
the PA Mayak site. Moreover, the RW packages de-
livered from the Station to the DGR site are sup-
posed to meet waste acceptance criteria for dispos-
al as indicated in the requirements set forth by the
Federal Law 190-FZ [5].

Separate specialized compartments are proposed
to be arranged for RW-1 and RW-2 disposal provid-
ing mutually independent schedules for their de-
livery and disposal, optimized engineered safety
barrier (EBS) designs accounting for relevant RW
characteristics, consistency between the number
and layout of annually excavated compartments
and actual disposal volumes and disposal rates per
each RW type.

An excavation with a canyon discussed in the de-
sign documentation developed for RW-2 container
disposal is proposed as an alternative option under
compartment designs providing for horizontal RW-1
disposal in NCh overpacks [1], [14]. For comparison
purposes, such layouts are presented in Figure 3.

The overall dimensions of a disposal compart-
ment for non-returnable overpacks with RW-1 and
containers with RW-2 were specified as follows: to-
tal height of a compartment — 7.5 m, length — 14 m,
width of the upper gallery — 6.5 m (canyon — 11.8 m,
14 m and 6.0 m respectively).

In 2011, the stability of underground repository
excavations was modelled and calculated by the

4

Figure. 3. Designs of an excavation with a canyon and the

proposed compartment: (a) and (b) — cross-sections of an

excavation and a compartment with a NCh overpack, (c) —

longitudinal section of a compartment with a NCh overpack;

(b) indicates: 1 as a NCh overpack, 2 — compacted bentonite,
3 — bentonite fraction

Gidroproekt Institute assuming a spacing (the dis-

tance between the excavation axes) of 22 m and a

cross-section of up to 7 x7 m. The stability margin

accounted for 2.5. The proposed disposal option
provides for a spacing of 23 m, which is expected to
increase the stability margin.

Compacted bentonite plates have been pro-
posed as an EBS element that would contribute to
the long-term disposal safety: given the expected
groundwater flows, these plates were recommend-
ed to be anchored to the compartment walls, the
bottom of the trench and the lintel between the
trench and the top gallery. The thickness of the
compacted bentonite plates was preliminarily as-
sumed as 300 mm [6].

The gaps inside the gallery and the compartment
trench were recommended to be backfilled with a
sealing bentonite mixture (SBM), for example, a
sand and clay powder mixture [7].

At the DGR operation stage, lintels should be in-
stalled between the compartments according to the
specifications for the compartment backfilling with
SBM. No insulating barriers are required to be in-
stalled between them. 0.50-m-thick barriers made of
compacted bentonite are recommended to be prelim-
inarily installed to the full height of excavations along
the edges of working zones extending to 300 m.

Preliminary assessment of NCh layout in com-
partments has accounted for the quantitatively
based recommendations from the Institute of
Physics and Chemistry of the Russian Academy of
Sciences stating that radionuclide releases can be
effectively retarded within the engineered barrier
system by a bentonite barrier having a thickness of
atleast 1.5m[7]:

- each compartment should accommodate 23 pcs.
of NCh overpacks being 670 mm in their diameter
and 2.5 m high: 8 NCh pcs. in the bottom and mid-
dle tier, 7 NCh pcs. in the top one (Figure 3);

. the axes of the NCh overpacks in the lower tier
should be spaced by 2.0 m from the bottom of the



trench with 0.3-m-thick compacted bentonite lay-
ers installed in it between the bottom trench and
the upper gallery;

- horizontally, the NCh overpacks should be orient-
ed with their ends towards the compartment walls
and isolated from them by SBM layers: 1.45-m (in
the trench) and 1.85-m (in the gallery) thick, as
well as by 0.3-m-thick compacted bentonite layers.

Eventually, dynamic digital models were pro-
posed to optimize the NCh management flowchart
with due consideration given to EBS parameters
validated under relevant studies involving a pur-
pose designed stand. Some proposals regarding
certain individual research to be implemented at
the experimental stand to optimize the EBS param-
eters have been drawn to date: their structure re-
quires further elaboration and extension based on
relevant recommendations from RAS organizations
engaged in the research under the methodological
guidance provided by the Nuclear Safety Institute
of RAS.

EBS parameters should be validated and elabo-
rated based on calculations and experimental stud-
ies with due account of SBM density and the RW-1
package layout in the compartments, i.e., includ-
ing the heat release from the container inventory
accumulated at the PA Mayak site.

A purpose designed stand was proposed for the
engineering studies focused on compartment back-
filling with SBM and the laboratory ones seeking to
evaluate the EBS properties, namely, their contain-
ment capacity. Eventually, the research is expected
to reveal the threshold thermal load on the com-
partment, i.e., considering SBM heating as well.

4. Transport flowchart for NCh overpack
shipment from the Pick-up Station
to the disposal compartment

Development of PK/1 transfer container designs
was recommended to provide safe delivery of NCh
overpacks (within the MCC site) from the Pick-Up
Station to RW disposal compartments. This con-
tainer is supposed to be developed as a close ana-
logue of the PK container indicated in the technical
specifications for RW-1 overpack delivery from the
Pick-Up Station to the disposal borehole [1]. Table 2
compares PK/1 and PK container parameters.

If necessary, PK/1 can be fitted with a neutron
protection layer. Due to PK/1 application, emergen-
cy situations are supposed to be almost completely
avoided at the stage of NCh and RW-1 package de-
livery to the disposal compartments, i.e., the pack-
ages are transported along the entire route from
the Pick-Up Station to disposal compartments in
containers with a 300-m-thick steel wall.
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Table 2. Preliminary parameters of PK/1 and PK
transfer containers

PK/1
PK

Parameter

(according| NCh accom- NCh accommo-
toDD) | Modating | dating 3 CRM
3 canisters | packages

Height (diameter) of the 3,530  up to 2,600 up to 3,000 (up
internal reservoir,mm  (up to 680) (up to 690)  to 1,000%)
Wall thickness, mm 350 up to 300 up to 300
Weight of the package

with waste, t upto40 upto40 up to 40
TUK case material steel steel steel

*Taking into account the damping layer supposed to provide
mechanical protection of the CRM packaging.

The process of NCh overpack delivery in PK/1 and its
disposal in a disposal compartment (considered un-
der a preliminary proposal for Pick-Up Station siting
in the vicinity of the MCC’s Chemical Isotope Plant) is
supposed to include the following operations:

1. NCh with three canisters or CRM packages are
loaded into PK/1 transfer container. Three loaded
PK/1 are installed vertically on a conveyor (similar
to container transportation in TUK-108/r) and de-
livered to the DGR’s Repackaging Building.

2. In the Repackaging Building, PK/1 is removed
from the conveyor, installed horizontally on a trolley
and delivered on it along the access shaft and then
along a -70 m horizon through a gate into a man-
less face directly to the horizontal RW-1 disposal
compartment (Figure 3). NCh overpack covers are
handled remotely via a video monitoring system.

3. Before being moved to a disposal compartment,
the trolley with PK/1 is docked to an auxiliary cart
with a rotating mechanism and a pulling device.

4. After the gate is opened, the NCh overpack is
removed from PK/1, installed on an adjacent aux-
iliary cart along the excavation, rotated on the cart
and placed on it across the excavation axis.

5. Then the NCh overepack is grabbed from the cart
by a crane, transferred horizontally at a small height
above the SBM layer and lowered down to the spot re-
served for it across the compartment axis (Figure 3).

6. The PK/1 emptied after NCh removal from it is
returned to the surface Repackaging building, de-
contaminated, if necessary, and then returned to
the Pick-Up Station.

5. Estimated RW-1 disposal density
in the DGR compartments

Actual data on specific heat released by the vitri-
fied HLW inventory obtained in 2017 from PA May-
ak was proposed to estimate optimal RW-1 disposal
density.
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Based on these data and the research performed
in 2019, the weighted average specific heat release
from the RW-1 accumulated in the containers as for
2017 was estimated at about 1.12 kW/m?>. At an an-
nual disposal rate of 165 containers, a total PA May-
ak inventory of 7,000 containers can be disposed of
in 2038—2080.

By 2038, weighted average specific heat release
from the accumulated RW-1 containers is expect-
ed to amount to 0.7 kW/m?, in 2080 — to about
0.3 kW/m3. Therefore, considering a specific heat
release of 0.5 kW/m?, the total heat release ac-
counting for 23 containers in a single compartment
would amount to 115 kW. To lower down the inten-
sity of clayey material heating in a compartment,
waste containers with low heat release may be de-
livered to the DGR early in RW-1 disposal process.

The vertical RW-1 disposal option [1], [14] sug-
gests that the thermal field in the borehole border
zones and throughout the entire borehole excava-
tion volume, i. e., 700 x 300 x 75 m, evolves and gets
sustained due to joint thermal releases from the
boreholes. The horizontal RW-1 disposal concept
provides more favorable heat exchange conditions,
as well as better cooling of the border zones and the
engineered safety barriers. Vertically, the thermal
field from underground excavations with compart-
ments drilled at a level of —70 m and operational
areas extending to 300 m each (the excavations are
spaced by 23 m) is not limited upwards and down-
wards by tens of meters and is freely convected
throughout the massif. Therefore, the EBS temper-
ature decrease appears to be more intense also due
to SBM being high in sand.

Generalized findings from a few international
studies exploring the influence of long-term heat-
ing on the bentonite and its containment proper-
ties [8], [9], [10] show that due to the illitization
process, its long-term exposure at temperatures of
up to 200 °C and subsequent cooling to normal tem-
perature not always result in a considerable dete-
rioration of its containment properties. Prolonged
exposure to elevated temperatures is not the only
important factor triggering this process: presence
of potassium in groundwater is important as well.

Chemical composition of groundwater in a hori-
zon interval from +5 m to — 70 m was evaluated by
Krasnoyarskgeology in 2011—2015. The deep well
surveys evidenced that the groundwater was not
high in potassium.

To evaluate optimal RW-1 disposal density one
should build thermal models of the disposal com-
partments and perform some experimental studies
focused on the confinement EBS properties assum-
ing various SBM compositions and densities and
their changes with time, the chemical composition
of groundwater in the RW disposal zone with an ac-
count taken of clay material heating to 120—200 °C
taking place over several hundred years and its
subsequent cooling to normal temperature. Such
research may be based on the methods and results
presented in [6], [7], [11], [12], [13].

6. Reasons explaining why the RW-1
deep disposal concept should be adjusted

Table 3 summarizes the advantages of the hori-
zontal RW-1 disposal concept.

Table 3. Facts supporting the horizontal RW-1 disposal concept considering different stages of DGR development
and operation

Lower DGR construction and operation cost:

provided at an adequate cost;

« no need to develop and produce new TUK-140/1 and conveyors.

their consequences.

+ no need to construct and equip 416 vertical 75-m deep disposal boreholes with a diameter of 1.3 m and 416 drilling chambers of 4.5%3.0x3.0 m;
« the height of the Repackaging building at the DGR site may be reduced by 5.0 m;

« replacement of reloading equipment in the Repackaging Building - crane with a lifting capacity of 120 tons may be replace by one of 40 tons,
in the underground section - no need for a multifunctional MFZP platform that was supposed to load the RW-1 packages into boreholes;

« production of 7,500 cheaper non-returnable NCh overpacks assuming considerably better long-term confinement EBS properties

Enhanced operational DGR safety due to avoided:

« risk of potential emergency situations that may occur in case of RW-1 container emplacement and its lowering down into 75-m-deep
disposal boreholes with a diameter of 1.3 m in 4.1-m-tall containers weighing 10 tons and having a diameter of 1.2 m;

« personnel exposure from the operations on the elimination of potential accidents and the costs associated with the mitigation of
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Enhanced long-term and nuclear DGR safety due to:

« better isolation provided by the rock mass in the near DGR field since construction of 416 vertical 75-m deep disposal boreholes with a
diameter of 1.3 m on a grid of 15 x 23 m would be avoided, otherwise, these would decrease the rock mass solidity between the horizons;

used for their production (bentonite and sand);

nuclear DGR safety.

appointed for RW-1 and RW-2 acceptance for disposal.

« absence of long-lived radionuclide flows through the well support space and their accelerated release beyond the DGR;

« better long-term containment provided by EBS due to their thickness increased to 1,500-2,000 mm and stable natural materials

horizontal orientation of RW-1 packages surrounded by a thick sand-bentonite barrier eliminating the SCR conditions and ensuring

Much higher overall indicators of DGR operation such as:

DGR can accommodate a larger RW-1 inventory (preliminary estimates showed a 1.6-fold increase in its useful capacity);
two additional intermediate RW disposal horizons can be potentially arranged,;

underground chambers at the disposal horizons can be arranged and operated independently with some separate schedules

Advantage taken of engineering methods already available at PA Mayak and the key design solutions from the approved technical

specifications, in particular, those associated with:

disposal boreholes;

of facility siting in this area”[15].

effective arrangement of RW-1 package shipment from the PA Mayak site and their transportation by rail using the existing fleet of
certified TUK-108/r developed in 2016. No need to use TUK-140/1;

construction of capital underground DGR structures (three shafts and horizons with transverse drifts) with the exception of only vertical

construction of surface DGR structures and horizontal underground chambers with a canyon.

Confirmed suitability of the rock mass for URL and DGR construction based on:

final statement issued by the State Reserves Committee Rosnedra on April 15, 2016: ‘According to its geological, hydrogeological,
tectonic and seismic properties, the Yeniseiskiy site should be considered suitable for deep RW-1 disposal”;

comprehensive analysis implemented by the Nuclear Safety Institute of RAS and the co-executing organizations stating that
“detailed in-situ studies implemented to date have revealed no environmental defects that could potentially exclude the possibility

The author believes that given the evidence on
the characteristics of the accumulated RW-1 inven-
tory from the research performed 2017—2019, the
horizontal RW-1 disposal concept would provide
higher level of DGR’s operational and long-term
safety and higher performance indicators since it
imposes no additional requirements on the rock
mass parameters as compared to the already ap-
proved technical specifications.

7. Discussion on the useful DGR capacity
and the prospects for its expansion

In case of long-lived RW-1 disposal, not the waste
volume itself, but rather its specific heat release
should be regarded as a most important parameter
responsible for the effective use of the underground
DGR space and the length of its operation with the
repository itself viewed as an important element of
the nuclear facilities lifecycle, i. e., of its final stages.
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Actual heat release parameters considered char-
acteristic for the accumulated RW-1 inventory and
discussed in Section 5 were used in the preliminary
assessment of the useful DGR capacity within some
particular working area.

Preliminary estimates showed that assuming
20 compartments extending to 14 m excavated
in each of 30 horizontal drifts at a level of =70 m,
spaced by 23 m and having disposal areas of 300 m
each, would be able to accommodate 13,800 NCh
overpacks with a capacity of 3 canisters per single
overpack. Since some 10% of the total disposal
zone length may be rejected due to excessive wa-
ter inflows identified at the excavation stage, the
number of NCh overpacks with RW-1 that can be
disposed of at a level of —70 m should be reduced
to 12,400 pcs.

Apparently, the horizontal disposal concept may
contribute to a promising URL and DGR construc-
tion and operation scenario discussed in Table 4.
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Table 4. Preliminary scenario for URL and DGR
construction and operation

1. URL construction according to already existing plans ;85%
2.R&D run in the URL to demonstrate the feasibility of until
DGR industrial operation 2033
3. Application for DGR operational license, development

and approval of reviewed technical specifications for DGR until
development, construction of the 1st DGR section (hori- 2038
zons at the level + 5 m and -70 m), commissioning

4. Operation of the 1st DGR section (RW-1 packages are

loaded into compartments at the horizon of -70 m with  until

RW-2 packages being disposed of in chambers at the hori- 2080
zon of + 5 m)

5. Development and approval of technical specifications after
supporting DGR expansion (with some additional horizons 2080
excavated at -20 m and -45 m)

until

6. Construction and operation of the 2nd DGR section 2130

In 2019, NO RAO showed that the horizontal dis-
posal concept may provide for additional RW dis-
posal horizons that can be established at levels of
—20 m and -45 m. Future decision on intermediate
horizons would apparently require some feasibil-
ity studies expected after 2080 to demonstrate the
long-term safety of the DGR designs providing for
these additional horizons with due account of the
containment and isolation provided by EBS and the
rock mass.

To implement the above scenario (at the MCC
site as well), a SNF reprocessing method previously
tested at PA Mayak and being currently elaborated
under the Proryv (Breakthrough) project would
probably require some further testing preceding
its possible practical implementation. This method
provides for the separation of the Cs + Sr fraction
with high initial heat release [17], [18]: thus, the
specific heat release from the resulting long-lived
RW requiring further disposal in deep geological
repositories (namely, the 2nd DGR section) can be
reduced considerably.

In the long-term perspective, this approach
would provide cost-effective, technically fea-
sible and safe disposal of large RW-1 and RW-2
inventories at the selected site. Current research
engaging specialists from the Nuclear Safety In-
stitute of RAS demonstrate that the Cs+Sr frac-
tion high in its initial specific heat release can be
disposed of safely and cost-effectively at a shal-
lower depth and with less stringent requirements
to the insulating properties provided by the host
rock mass [18].

The paper discusses the preliminary waste man-
agement options proposed under the DGR designs,
in particular, those associated with the disposal of
non-returnable RW-1 containers in horizontal dis-
posal drifts rather than in deep boreholes with a
thick insulating barrier made of stable natural ma-
terials enveloping the packages.

The paper discusses the RW-1 disposal designs
involving the use of three advanced package de-
signs that were proposed at SC Rosatom’s meeting
of NTS-10 Section No. 1 held on May 13, 2022.

Considering the vast inventory of TUK-108/r con-
tainers certified for VHLW transportation purposes
available at PA Mayak and the flowchart developed
in 2016 involving TUK-108/r proposed for waste
container shipment from the PA Mayak site, it was
recommended to abandon the concept suggesting
the use of TUK-140/1 initially designed for such
container shipment.

The paper provides some primary recommenda-
tions on the establishment of a Pick-Up and Pack-
aging Station according to some individual designs
to furnish the non-returnable packages in line with
the RW-1 acceptance criteria established for the
DGR, which is expected to improve the RW-1 man-
agement flowchart.

The article considers non-returnable NCh con-
tainer designs and their preliminary parameters,
packages made of corrosion-resistant material and
transfer PK/1 containers intended for NCh contain-
er delivery from the Pick-Up Station to horizontal
RW-1 disposal compartments. It discusses the lay-
out of a horizontal disposal compartment.

Horizontal RW-1 disposal concept is expected to
provide much higher efficiency and longer use of
the underground DGR space. Preliminary estimates
show that 12,400 non-returnable RW-1 containers
can be disposed of within the 1st DGR section at a
horizon of -70 m and 250,000 m3 (gross) of RW-2 —
at the horizon of + 5 m. The article also considers a
scenario providing for URL and DGR establishment
and their long-term operation.

The horizontal RW-1 disposal concept suggests
no additional requirements imposed on the rock
mass compared to those established in the existing
design documentation. This concept suggests that
the essential design options proposed for under-
ground DGR structures in the design documenta-
tion remain the same.
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