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The article considers the purpose and characteristics of protective storage containers for radioactive waste Class 2 
(KZH-2ks). It presents technical characteristics provided by five container design options differing from each other by 
the presence or absence of various liners and the waste disposal methods involved. It also considers the calculations 
and tests of prototype containers, including those demonstrating the ability of these packages to withstand normal 
transportation conditions provided for by NP-053-16 for "A" type packages.
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Introduction

The Federal Law No. 190-FZ of July 11, 2011 On 
Radioactive Waste Management and Amendments 
to Certain Legislative Acts of the Russian Federa-
tion states that RW shall be processed, conditioned 
and disposed of in accordance with their category 
either in near-surface (RW Class 3 and 4) or deep 
(RW Class 1 and 2) disposal facilities.

Package designs based on reinforced concrete 
containers of the NZK type, metal containers (KMZ, 
KRAD) and drums complying with waste accep-
tance criteria for disposal are widely used for RW 
Class 3 and 4 disposal [1]—[5].

No package designs are currently available for 
RW Class 1 and 2 disposal able to maintain their 
protective functions for at least 1,000 years, which 
requires a deferred decision as regards the condi-
tioning of this waste stream. 

This article summarizes the efforts on the devel-
opment of a reinforced concrete container for long-
lived intermediate-level waste (ILW) referred to 
as RW Class 2, which is considered a relevant task 
since:
•• currently there are no waste containers able to 
meet package requirements set for the disposal 
of this particular waste class that would enable 
waste conditioning in accordance with deep re-
pository conditions; 

•• this waste should be stored temporally until the 
package designs able to meet relevant safety re-
quirements for condensation emerge and a deci-
sion on the waste disposal in a deep disposal facil-
ity is made. 
The new storage container designs intended for 

ILW Class 2 were developed by JSC 345 MZ, JSC 
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Atomenergoproekt and JSC Concern Rosenergoat-
om in accordance with the Initial Technical Speci-
fications for the Development of a Protective Re-
inforced Concrete Container for Solid Radioactive 
Waste (SRW) Storage, KZH-2ks, approved by JSC 
Concern Rosenergoatom on February 2, 2022.

Joint efforts resulted in the development of 
KZH-2ks container designs: its production was 
started in accordance with GOST 15.301-2016 pro-
visions with a certificate of conformity No. OIAE.
RU.204(OS).00037 issued on February 15, 2023 con-
firming its compliance with regulatory safety re-
quirements established for RW Class 2 management.

Purpose and general container characteristics

The KZH-2ks container is designed to provide ac-
commodation, on-site transportation and interim 
storage of solid and immobilized long-lived ILW 
Class 2 at the site of a nuclear facility, including 
reactor graphite powder generated from the opera-
tion and decommissioning of NPP with RBMK re-
actor units and containing radionuclides with the 
following specific activity levels:
•• tritium — from 108 to 1011 Bq/g;
•• β-emitting radionuclides — from 104 to 107 Bq/g;
•• α-emitting radionuclides — from 103 to 106 Bq/g;
•• transuranic elements — from 102 to 105 Bq/g.

Sealed KZH-2ks container can be also used for RW 
Class 3 transportation and disposal provided proper 
adherence to the restrictions imposed on the activ-
ity of α- and β-emitting radionuclides and trans-
uranic elements for type A packages (classification 
according to NP-053).

Since January 2024, these waste containers 
should be applied with due account of the RW clas-
sification system set forth by the Government De-
cree No. 1929 of October 29, 2022 On Amendments 
to the Government Decree of the Russian Federa-
tion of October 19, 2012. № 1069.

According to its external dimensions (Figure 1), 
container KZH-2ks is identical to the reinforced 
concrete container NZK-150-1.5P. Thus, these two 
container types can be handled using unified semi-
automatic grippers.

The container is produced of particularly heavy 
concrete: not less than B50 according to its compres-
sive strength. Material tests were run to confirm the 
stability of the production process in terms of the 
quality indicators set for the concrete. The tests im-
plemented in an accredited laboratory in accordance 
with the GOST 10060-2012, the GOST 12730‑78 and 
the GOST 30630.2.1-2013 requirements have con-
firmed its frost resistance, water resistance, as well 
as resistance to thermal cycles (30 cycles of freezing 
and thawing from – 40 °C to + 40 °C).

Table 1 summarizes the technical characteristics 
of concrete KZH-2ks containers.

Its outer surface is covered by a protective coating 
resistant to the effects produced by decontaminat-
ing solutions.

According to the NP-001-15 and the NP-016-05 
safety provisions, it was referred to Class 3, classifi-
cation designation — 3H.

Table 1. Characteristics of concrete container KZH-2ks

Characteristic Indicator

Average density of concrete, t/m3 4—4.5

Waterproof grade, not lower than W16

Frost resistance grade, not lower than F300

Design compressive strength, class (not less) В50

The service life of a KZH-2ks container loaded 
with RW and exposed to temporary storage condi-
tions in engineered structures assuming no dete-
rioration in the performance indicators (strength 
characteristics, protection against ionizing radia-
tion, performance of load-bearing elements, seal-
ing capacity of the structure) accounts for 30 years.

The container is intended for use in macroclimat-
ic areas with temperate and cold climates (type II 
atmosphere according to the GOST 15150-69):
•• in premises (on sites) where the packaging pro-
cess takes place: temperature — from + 15 °C to 
+ 35 °C, humidity — from 50 % to 80 %;
•• outdoors: temperature — from – 30 °C to + 35 °C, 
humidity — from 20 % to 80 %;

•• in a temporary storage facility (site): tempera-
ture — from + 5 °C to + 35 °C, humidity — from 20 % 
to 80 %.
Based on the NP-031-01 provisions, the container 

refers to category II according to its seismic resistance 
and should be able to perform its safety functions 
during and after an earthquake with an intensity be-
ing less or equal to the strength-level event (SLE).

To provide wider application, five KZH-2ks con-
tainer designs have been developed differing by the 
availability or absence of certain inserts protecting 

Figure 1. Appearance and dimensions of the KZH-2ks 
container
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the inner container surface from the contents, pro-
viding additional biological protection or acting as 
primary RW packaging.

KZH-2ks containers (except for the KZH-2ks-03 
design) have a specific design feature, which is a 
polyurethane gasket installed between the body 
and the lid and four clamps acting based on the 
bursting effect produced by a movable toothed re-
tainer placed between the lid and the body. Thanks 
to this design feature one may remove the contain-
er lid if necessary to check or extract the contents.

Table 2 presents the weight and size characteris-
tics of different KZH-2ks design options.

Figures 2—6 show the container designs followed 
by a brief description of their structures.

In accordance with the NP-025-22 provisions, 
the design development process involved a series 
of calculations performed to evaluate the con-
tainer strength during stacking, rigging at the 

transportation stage and seismic effects of up to 
7 points.

Figures 7—10 demonstrate the distribution of 
equivalent stresses in the container structures in-
duced by these loads. The calculations showed that 
the induced stresses were far from being critical.

The final production stage involved some accep-
tance tests run with an account taken of the cus-
tomer's requirements, as well as a series of tests 
aimed at demonstrating the container's ability to 
withstand normal transportation conditions pro-
vided for by the NP-053-16 for type A packages, in 
particular:
•• water spray test run for an hour (simulating rain 
impact);

•• impact test involving a free fall from a height of 0.6 m;
•• stacking test providing 8-tier container stacking 
in a storage facility;

•• a test evaluating the penetration depth. 

Table 2. Engineering characteristics of KZH-2ks containers

№ Characteristics
Container design

KZH-2ks-01 
АТ-88-00.00.00.000

KZH-2ks-02 
АТ-88-00.00.00.000-01

KZH-2ks-03 
АТ-88-00.00.00.000-02

KZH-2ks-04 
АТ-88-00.00.00.000-03

KZH-2ks-05 
АТ-88-00.00.00.000-04

1

Dimensions, mm:

•• height 1,375 ± 10

•• width 1,650 ± 10

•• length 1,650 ± 10

•• minimum thickness of 
concrete walls 150

•• minimum thickness of 
concrete lid 175 175 150 175 175

•• minimum thickness of 
concrete bottom 150

2 Useful container capacity, m3 1.5 1.3а 1.4а 0.86а 0.9а

3 Weight d of an empty fully 
equipped KZH-2ks, t 8.0 8.3а 8.9а 11.1а 8.3а

4 Maximum weight of KZH-2ks 
loaded with RWb, t 12.5c 

5

Components, pcs.:

•• body 1 1 1 1 1

•• lid 1 1 1 (non-removable) 1 1

•• plug – – 1 – –

•• lid catche 4 4 – 4 4

•• gaskete 1 1 – 1 1

•• insert – 1, volume 1.3 m3 
(removable)

1, volume 1.4 m3 
(built-in)

1, volume 0.86 m3 
(removable )

1, volume 0.9 m3 
(removable)

•• lead sleeve – – – 1 –

Notes:
ataking into account a standard metal insert; 
btaking into account primary packaging and additional equipment; 
cin case of any weight limitations imposed on the KZH-2ks loaded with RW, the container is filled to a weight specified in the design and 
operating conditions, but not more than specified; 
ddeviation as regards the weight of an empty container should account for ± 5% of the nominal value; 
eare supplied together with a container, if specified in the supply agreement/contract.
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Figure 2. Container KZH‑2ks-01 
(AT-88-00.00.00.000)1

Figure 3. Container KZH-2ks-02 
(AT88-00.00.00.000-01)2

Figure 4. Container KZH-2ks-03 
(AT-88-00.00.00.000-02)3

Figure 5. Container KZH-2ks-04 
(AT-88-00.00.00.000-03 )4

1The KZH-2ks-01 container is designed to store Class 2 ILW either in bulk or in a primary packaging, 
including the design option involving an insert container produced in accordance with TU25.30.22-
063-07630224-2020 provisions provided additional biological protection offered by a lead sleeve 
AT‑61‑00.00.00.000. The insert container and the lead sleeve are not included into the supply package.

2The KZH-2ks-02 container is designed to store Class 2 ILW in a Cm-1.3 insert fitted inside, which 
is included into the supply package.

3The KZH-2ks-03 container is designed to store Class 3 SRW or immobilized liquid radioactive waste 
(LRW) in an integrated metal insert and has a non-removable lid with a loading hole (Ø 300 mm). 
The body—lid connector is sealed by the container manufacturer with a non-shrinkable mixture.
Class 3 RW can be packaged into non-returnable protective containers (NPC) and handed over to 
the National Operator for disposal. 

4The KZH-2ks-04 container is designed to accommodate Class 2 ILW in an insert container fitted 
inside and manufactured according to TU 25.30.22-063-07630224-2020 with an additional bio-
logical protection provided by a lead sleeve AT-61-00.00.00.000. The insert container and the lead 
sleeve are included into the supply package.

5The KZH-2ks-05 container is designed to accommodate Class 2 ILW in a Cm-0.9 insert fitted inside, which is included into the supply package.

Figure 6. Container KZH-2ks-05 
(AT-88-00.00.00.000-04)5

Figure 7. Distribution of equivalent stresses during 
container stacking

Figure 8. Distribution of equivalent stresses  
in the container structure when lifted by a forklift

Figure 9. Distribution of equivalent stresses in the container 
structure during its transportation

Figure 10. Distribution of reduced stresses in the KZH-2ks container 
during normal operation and a design basis earthquake (NO+DE)
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Subsequent leak tightness tests confirmed the 
ability of KZH-2ks containers to maintain their 
protective functions after having been exposed to 
all of the above impacts.

On-site transportation of these containers should 
be carried out in keeping with the Safety Rules for 
the Transportation of Radioactive Materials at Nu-
clear Facilities (NP-025-22).

To handle the KZH-2ks containers, preliminary 
efforts are being implemented to produce two 
purpose-designed semi-automatic grippers for the 
container body and the lid.

Table 3 presents the characteristics of a semi-au-
tomatic universal gripper for containers of the NZK 
and KZH-2ks types.

Table 4 shows the characteristics of a semi-automat-
ic universal gripper designed for NZK and KZH‑2ks 
container lids.

Conclusion

Reinforced concrete KZH-2ks containers with a 
service life of at least 30 years have been developed 
and certified to provide the intermediate storage 
of long-lived intermediate-level waste referred to 
Class 2 RW.

Their dimensions and configuration are identical 
to those of NZK-150-1.5P containers manufactured 
according to L 65.555.00.000 TU technical specifica-
tions, thereby, providing some sort of unification of 
relevant transport and process operations associat-
ed with waste packaging, transportation and storage.

The development and application of KZH-2ks 
container designs providing safe storage of long-
lived intermediate-level Class 2 RW was required 
since the container designs available at that time 
were not able to meet relevant waste acceptance 
criteria, in particular, those stating that the con-
tainers should preserve their protective functions 
for 1,000 years. On the other hand, it provided a 
time stack required for the development of trans-
port and packaging kits meeting the RW container 
requirements for deep geological disposal.
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