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NuScale (NuScale Power, LLC, United
States of America)

All content included in this section has been provided by, and is reproduced with permission of, NuScale Power, LLC., USA.

'MAJOR TECHNICAL PARAMETERS
Parameter Value
Technology developer, country NuScale Power, LLC, United
of origin States of America
Reactor type Integral PWR
Coolant/moderator Light water / Light water
Thermal/electrical capacity, 200/ 60 (gross)
MW(1)/MW(e)
Primary circulation Natural circulation
NSSS Operating Pressure 13.8/43
(primary/secondary), MPa
Core Inlet/Outlet Coolant 265/321
Temperature (°C)
Fuel type/assembly array UO: pellet / 17x17 square
Number of fuel assemblies in 37
the core
Fuel enrichment (%) <495
Core Discharge Burnup >30
(GWd/ton)
Refuelling Cycle (months) 24
Reactivity control mechanism Control rod drive, boron
Approach to safety systems Passive
Design life (years) 60
Plant footprint (m?) 140 000
RPV height/diameter (m) 17.7/27
Seismic Design (SSE) 0.5g horizontal and 0.4g vertical

peak ground accelerations

Fuel cycle requirements / Three stage in-out refuelling
Approach scheme
Distinguishing features Unlimited coping time for core

cooling without AC or DC
power, water addition, or

operator action
Design status Under regulatory review

i dfMzdisSEf sdso O ©j OSkstedscts &EgH zdv NuSc:
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Refueling Machine Blological Shield Reactor Buliding Crane

Ground
Surface

Spent Fuel Pool Reactor Vessel  Containment Vessel Reactor Pool NuScale Power
Flange Tool Flange Tool Module

Cut-away view of NuScale power plant
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ASSESSMENT OF CRITICALITY POTENTIAL IN LARGE VERTICAL FLOW
OF FUEL-CONTAINING MATERIALS AT CHORNOBYL NPP

Statement of the problem and its relevanceThe beyond design basis accident at the
Chornobyl NPP (ChNPP) in 1986 led to the destruction of Unit 4. The installation of New Safe
Confinement (NSC) arch in the design position abitreeShelter at the end of 2016 terminated
atmospheric precipitation access to the Shelter. This, together with the completion of NSC
commissioning in 2019 and the isolation of the Shelter from the environment, formed a unique
dynamic system of two facilgi s , which received the name @t
Confinement and the Shelter Objecto.

The state of nuclear safety of the NS@Gelter Complex is assessed by regular
measurements of neutron flux density (NFD) characterizing the clusters edofitahing
materials (FCM). The highest absolute value of the NFD in the Shelter is registered by the DU
No. 5 located directly in the the cluster in the 4th steam dump valve (SDV) in the southwestern
part of the base plate of the reactor shaft. The main coempa this cluster is brown lasike
FCM (LFCM), formed by corium interaction with serpentinite of the backfill of the lower
biological shield of the reactor core and dumped in the southwestern sector of room 305/2 during
the active stage of the accid¢ht 2]. This cluster experienced a fdd increase in NFD in 2019
and continued growth in 2020, sparking discussions about its nuclear safety.

Analysis of the latest researchln 1991, the bulk density of the fuel in the 4th SDV was
estimated using thealibrated source method [3]. According to these estimates, the volume density
of nucl ear f u éresuliingis~ @20 % WAass ftactign/oturanium in FCM.

In 1997, neutronic characteristics of fgntaining materials based on simplified one
dimensional models were calculated [4]. The obtained dependencesaf the water content in
the neutron breeding medium (NBM) indicate the subcriticality and the presence of a specific
wateruranium ratio where k& reaches its maximum. However, ag #wthors pointed out, the
onedimensional model is well suited for the FCM layer, which can be represented in the form of
a parallelepiped, while for the FCM in SDV, which has a more complex shape of NBM and
reflectors, it is necessary to use a thdemensional physical model.

In the early 2000s, criticality calculations were performed for a physical model with a
heterogeneous NBM and periodic boundary conditions (calculation for an infinite NBM) in the
MCNP4B and SCALE 4.4a program codes [5, 6]. Theuwatmons indicated that the physical
model , assuming a fuel content of up to 18 %
subcritical yielding a K of approximately 0.449.

However, due to limited data, including the reliance on a theoretw@pis chemical
composition and the reconstruction of cluster geometry based on indirect indicators, this cluster
was classified as potentially hazardous, considering the possibility of a hypothetical composition
in which criticality could, in principle, acur.

Goal formulation. The purpose of this study is to simulate the LFCM cluster in the 4th
SDV, taking into account current knowledge, as well as to determine the minimum fuel
concentration to achieve the critical mass in the volume of the SDV dueadrtheture of fuel
pellets into the brown LFCM.
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Main part. The simulation was performed with the MCNP6 program code, and the
parameters of criticality and the possibility of its achievement were determined. For the modelling
purpose, the weighted averagmcentration of the leading chemical elements in brown LFCM,
given in [7] was used (see Table 1).

Table 1i Weighted average concentration of the main chemical elements in brown LFCM

Chemical element U Si Al Mg Ca Na Zr Fe
Mass fraction, % 9.7 | 322 | 33 5.2 4.5 3.1 4.5 1.0

Note: Oxygen takes the rest of the mass fraction.

The geometric model is based on known data on the design of the RBMKSDV. The
geometric parameters are presented in Figure 1: a cylindrical cluster with a height of 3.7 m and a
diameter of 1.5 m.

1000 mm 21500 mm 1000 mm

Brown LFCM

mm

300

3-9-K

2000mm

............................

Concrete
Air

A

mm mm  1400mm

300 600

3540mm

Figure 1i Physical model of the cluster of brown LFCM

Based on findingé [8, 9, 10], an averaged porosity range ofi 280 % was adopted for
calculations.

In this physical model the heterogeneity was executed in the delineatisepafate
volumes for water and FCM. Since the relaxation length of a neutron with an energy of 2 MeV in
water is 2.88 cm, the lattice step interval of the model was chosen conservatively in the range of
2i 4 cm associated with a maximunm€alues at the @timal wateruranium ratio.

The average uranium concentration in brown LFCM in room 210/7 was previously
sampled at 9.7 % [7]. According to experimental estimates [3] uranium concentration in the 4th
SDV results in ~20 %. However, since there is a hypmthigiossibility of inclusion in the stream
of brown LFCM fragments of the reactor core and fuel pellets, calculations were also performed
for compositions with uranium content up to 50 %.

Estimates of fuel burnup in brown LFCM were conducted in the widrk Calculated fuel
burnup yielded a value of 12.5 N 1.4 MWLday/
from 1.24 % to 1.13 % iU, accounting for the presence?fPu.

Based on the developed physical model described above, an input filpeci#sed for
simulations using the Mori€arlo program MCNP6. To determine the impact of water on the
NFD and criticality, ks was calculated as a function of the water conteptd)dn the NBM of
brown LFCM (Figure 2).
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Figure 2i Calculated k¢ as a function of the level of volume content of water in the NBM
(Ch20) of brown LFCM for different enrichments (% of 235U), uranium contents (%U) and
porosity.
Oi Porosity of NBMi 20%; b-di Porosity of NBMi 50 %

Figure2 presents the modparameters in the following sequence: mass content 869.7
of U (e.g. 9.®6U); fuel enrichment (e.g. 1.28 of 235U); modelling grid step (e.g.ct). The
critical mass in the volume of the 48DV is reached with a mass content oR4®f uranium in
brown LFCM, which is 10.8ons of uranium. As a result, the cluster of brown LFCM in the
4th SDV with the chemical composition determined by sampling brown LFCM and considering
experimental estimates of fuel density is deeply subcritical (se@,&mnd Fig.2,b). Safety limits
are exceeded, and criticality is achieved only in a conservative hypothetical cluster model with
uranium content of 48 and 43%, respectively (see Fig,c and Fig. 2,)

At porosity levels exceeding 28, low enriched NBM exhibits specific (optimal) water
uranium ratio at which i reaches its maximum, while the water content in the NBM remains
lower than its maximum possible value. This implies that as water exits from -ibedlesd
Afover wettedo NBM ( wi 9%hKepwilrinoreaset uptil teexoptiena datemn g 2
content is reached. Once this optimum is surpassed, further water loss will result in a decrease in
Kett (see Fig2,cand Fig. 2,0

Conclusions.By combining MonteCarlo simulations using MCNP6 and experiménta
observations, it can be concluded that the fuel containing material cluster in the 4th steam dump
valve at ChNPP Unit 4 has been and will continue to stay subcritical. It was determined that the
fuel containing material cluster in the 4th steam pumpevaan reach a critical mass with a fuel
content of at least 45 %. In practice, achieving such a fuel concentration in this location is unlikely
to occur.
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T Young sciendist Gergiieva V.

I Black Sea Women in Nuclear ( BSWN)

BUILDING NUCLEAR FUTURES TOGETHER: THE NUCTALKS INITIATIVE
OF THE BLACK SEA WOMEN IN NUCLEAR NETWORK

Statement of the problem and its relevanccRu s si aés war on Ukrair
challenges and exposed serious gaps for both Ukraine and the wider Black Sea region, with
far-reaching global consequences. The nuclear field has become a major area of concern: threats
to nuclear safety and secyritais well as the rapid spread of nucleglated disinformation, have
underscored the need to raise awareness and provide accurate information on these issues.
Traditional formats, such as large conferences or closed expert meetings, often remainbteaccess
or too formal to encourage open dialogue, particularly for younger experts. After the 1@ovid
pandemic highlighted the risks of an isolated society and disrupfet$on exchanges, webinars
emerged as an effective way to sustain knowlesdtgeing ad foster dialogue online.

Analysis of the latest researchNucTalks is an educational and networking initiative
established by the Black Sea Women in Nuclear (BSWN) network in August 2022. Since then, the
series has hosted around twenty webinars on nuskaurity, norproliferation, arms control,
womends | eader shi p, and r el at e dcarear professsonalsb r i r
from across the Black Sea region and beyond. This work will emphasize the importance of the
initiative and its deglopment.

Goal formulation. The goal of NucTalks is to support professionals in the nuclear field,
raise awareness, counter disinformation, and provide a platform for people from the Black Sea
region and other interested communities. Because it is oy farofessional, regardless of their
level of knowledge, area of expertise, or country of origin or residence, it has become an inclusive
space for dialogue and learning in a less formal atmosphere.

Main part. NucTalks has addressed a wide spectrum dafecoporary nuclear challenges,
ranging from strategic stability and regional crises to emerging technologies and the human
dimension of nuclear policy. The series has brought together senior practitioners and researchers
to discuss, among other issues,dbployment of Russian tactical nuclear weapons in Belarus and
its implications for escalation risks and the global -pooliferation regime, as well as the
universalisation of the Convention on the Physical Protection of Nuclear Material and its
Amendmentnd the practical benefits and challenges of its implementation for national regulators
and operators. Other events have focused on nuclear security fundamentals and radiation
protection, exploring what professionals and the broader public need to kaovoversaturated
information space and how to distinguish accurate technical information from disinformation and
fearbased narratives.

Several NucTalks have highlighted the strategic and geopolitical context of nuclear issues.
Sessions have examinedi&Bis si a rel ations and their consec
future, and analysed how crises in the Middle East, such addrael escalation affect regional
stability, nonproliferation norms, and nuclear security arrangements. -ldiggl speakers,
including former U.S. Ambassador Laura Holgate, have discussed topics such as small modular
reactors, their potential contribution to decarbonisation, and the specific safety, security, and
safeguards questions they raise, helping audiences to critisalgsaboth the promises and risks
of new reactor technologies. Another webinar addressed atrtificial intelligence at the nuclear
crossroads, looking at how Al tools may influence nuclear weapons degisking, verification,
and security, and what govermaframeworks are needed to mitigate new risks.

36



NucTalks has also devoted particular attention to the human and ethical dimensions of the
nuclear field. A special history session centred on the testimony of an diomlz survivor,
linking diplomatic debas on disarmament to lived experience and intergenerational memory,

whil e another event RCune candr exagninelll dar life as @ Kegsooth o w s
discrimination and barriers faced by women in science. The series regularly features discussions
onwomends | eadership in nuclear professions,

organisations, national regulatory bodies, academia, and industry to share leadership experiences,
career challenges, and strategies for making nuclear institutiongliverse and inclusive. Taken
together, these webinars show how NucTalks connects technical, political, and societal
perspectives, providing participants with both substantive knowledge and a supportive
professional community.

Building on the success ofdlonline series, NucTalks has also evolved intpdrson
format s, t he wor kshop APRbferatiannRadiological rarsdiNactedri v e ¢
Securityo held at the Vi enPrdifer@ienronh @t Febraary. Di s
This meeting ought together experts from across the Black Sea region, with a particularly strong
representation from Ukraine, including academics, regulators, nuclear industry specialists, and
civil society leaders from institutions such as Odesa I|. I. Mechnikov INatigniversity,
Energoatom, George Kuzmycz Training Center for Physical Protection, Control and Accounting
of Nuclear Material, the State Scientific and Technical Center for Nuclear and Radiation Safety,
the Ukrainian Nuclear Society, and youth and pradesd networks. By deliberately inviting
many Ukrainian participants and creating space for them to present research and share wartime
experiences, the 4iperson NucTalks workshop strengthened regional collaboration, amplified
Ukrainian expertise, and tralated the online community into concrete joint projects and
professional ties.

Due to the webinars all members were able to get in touch with many important
orhganizations in nuclear field, some examples are: James Martin Center for Nonproliferation
Studies (CNSMIIS), George Kuzmycz Training Center for Physical Protection, Control and
Accounting of Nuclear Material, Vienna Center for Disarmamanet and-R¥oliferation
(VCDNP), TSU Andronikashvili Institute of Physics, World Institute for Nuclear Security
(WINS), Institute for Peace Research and Security Policy at the University of Hamburg (IFSH),
Odesa Center for Nonproliferation (OdCNP), Odesa I. I. Mechnikov National University,
Ukrainian Nuclear Society, CNE Cernavoda in Romania, National Agency farl&ien of
Nuclear and Radiological Activities (NARNRA) in Moldova.

As the regular moderator of NucTalks, | can also share my personal experience with this
initiative. After the start of the war on Ukraine, | lost my job and was unsure how to continue my
professional path. Taking on a leadership role in NucTalks helped me regain confidence in my
future and in the importance of my voice. Leading the series allows me to learn every day, expand
my network, and strengthen my belief in my own capabilities. $hitthtives should be widely
promoted among young professionals, as they can help people discover their interests, meet
like-minded colleagues, and build lasting friendships.

Conclusions. In summary, webinars are an important tookr fdeveloping strong
professional connections and generating new ideas for research, collaboration, and exchange. As
no one can make the world safer alone, meaningful change requires a community of colleagues
working together, and the Black Sea Women irlsar network embodies this principle by using
its initiatives as practical tools. By combining accessible online formats with active engagement,
NucTalks helps to demystify complex nuclear issues and creates entry points for those who might
otherwise rema outside specialized expert circles. Looking ahead, we plan to integrate NucTalks
more closely with conference activities by organising dedicated panels and side events, as well as
to launch several webinars in Ukrainian in order to engage a broaderabpgpfessionals from
Ukraine
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A. Bsaemozis 3a71i3a 3 BOAOK Ta KHCHEM:
Fe + 2H,0 «» Fe(OH),; + Ha:

Fe + H20 + %2 Oz <> Fe(OH)..

B. ®opmyBanHs MarHeTHTy BLANOBLIHO 10 peakuii Hlukoppa:

3Fe(OH); «» Fes0: + Hy + 2H,0.
[MpoaykTu KOPO3ii. siki yTBOPHIKMCS B pe3ybTari peakuiii A ta B.
[TpoaykTH KOPO3ii PO3UHHSIOTECS B MOPAX OKCHAHOIO 1apy.
[MpoayKTH KOPO3ii PO3UHHSIOTECS HA TPAHHLI OKCHIHA MTIBKA-TCTIIOHOCIH (KOPO3iHHE CCPea0BHINE).
Tennoxociit nonpae PO3UMHEHI MPOAYKTH KOPO3ii B MOTIK 32 PAXYHOK MacOOOMIHHHX TPOLIECIB.
[Tia giero noTOKy BiAOYBAETHCS CPO3iiHE PO3MHBAHHS 3AXHCHOTO LAPY.
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THE IMPORTANCE OF USING BIOGAS TECHNOLOGIES IN UKRAINE

Statement of the problem and itsrelevance.In Ukraine, it is more urgent than ever to
develop biogas technologies and organize their use in industry. This direction is potential for
creating a new resource and energy saving program, without which the further development of the
state igmpossible in modern political, economic conditions and military situation. Expanding the
scope of effective use of the potential of organic waste at all stages of product production is an
important and necessary stage in the development of biogas tegieapiehich should sooner or
later become advanced technologies in Ukrainian industry and reduce Ukraine's energy
dependence on traditional fossil energy resources. The main factor in the effective use of biogas
is its cost, which can vary widely, and thgecific cost of purification methods, which, as a rule,
add 20- 100% to the initial price.

To address the issues of producing heat and electricity from biogas, the Department of Heat
and Alternative Energy began cooperation with the compamHRBimwelt GmbH (Germany,

Jena) within the framework of the EP®N8 8 4 pr oj ect AUk M aiGermman Ener .
Ukrainian phased model with state support from the Federal Republic of Germany in order to
improve the professional level, skills and abilities in obtagmenewable energy [1].

The experience of the Bid2-Umwelt GmbH company is effective in converting biomass
into electrical and thermal energy by cogeneration plants, and the prospects for using it to generate
electrical and thermal energy and to meethlmgas plants' own needs for heat and electrical
energy. As well as using thermal energy for heating and hot water supply of the population [1].

Analysis of the latest researchThe development of biogas technologies creates positive
energy, environmentand social effects. The development of the biogas market in Ukraine will
all ow repl aci nigfn&urabgasipér ydai, which willrcontmbute to strengthening
the country's energy security, creating new jobs, economic development of reglbafipw
covering peak loads in the power grid, utilizing crop production waste, as well as some food
industry waste [2].

Biogas is a gas obtained by hydrogen or methane fermentation of biomass. Biogas plants are
used to produce firggeneration biofuelsTheir advantage is the possibility of useful utilization of
organic waste from livestock, crop production, household waste, wastewater, etc. with a positive
energy, environmental, social and economic effect [3, 4]. Biogas technologies fit into the UN
doctine of sustainable development of society. According to this doctrine, waste-gnodoygts
of one production (livestock, crop production, etc.) are input for a biogas plant. And the waste
from a biogas plant is used as higiality fertilizers in agriclture [3]. Biogas technologies can
become an obligatory element of livestock, agrocessing, and food enterprises.

Analysis of the prospects for the development of heat supply systems shows that the
coverage of heat loads will be ensured by burning ecdgael [2].

In modern developed countries of the world, the main part of the extracted fuel and energy
resources is spent on generating electricity and heat of low and medium potential [2].

Promising conventional energy technologies have increased esféoggncy, but have not
improved the environmental situatidn thermal, chemical and radioactive pollution of the
environment with potentially catastrophic consequences. The negative trend in the development
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of traditional energy is mainly due to the d&isce of two factors the rapid depletion of natural
resources and environmental pollution. According to the UN, coal reserves are expected to be
exhausted between 208500. In this regard, on the one hand, it is necessary to find opportunities
for the ational use of traditional energy resources, and on the other hand, it is necessary to develop
scientific and technical work on the use of +#icaditional energy and renewable energy [3].

The aggravation of environmental problems, the depletion ofreo@vable energy
resources, and the increase in their prices have led to global interest in the development and use of
the technology of bioconversion of organic waste for energy production.

According to scientific and technical forecasts for the future, bssrmanversion is the most
common energy resource among renewable energy sources.

Goal formulation. The goal of the work is to analyze the efficiency of converting biomass into
electrical and thermal energy to meet the own needs of enterprises in hsttacal energy. As well as
the use of thermal energy for heating and hot water supply of the population of Ukrainian cities.

Main part. Biogas production is a promising area of renewable energy for Ukraine. It can
be obtained at biogas plants locatedrneater treatment plants, organic waste landfills and
agricultural enterprises, and also transported for the needs of large andirtearglye Ukrainian
industrial enterprises, especially metallurgical ones. In addition, the production of this energy
reource is rapidly growing in the EU countries and has good prerequisites and prospects in
Ukraine, a country characterized by unreasonably high energy consumption compared to world
indicators; critical dependence on unstable supplies from external méarigrtsand unstable
natural gas prices, trends towards their increase for all categories of consufjers [5

Important information about the raw material can be obtained using the method: Depending
on the type of laboratory analysis, the following can berd@hed: Calculation of the theoretical
biogas and methane potential directly from the analysis reskkaluation of the fermentation
process (e.g. residence time) and potential process problems (inorganic load, e.g. HTK).

Which substrate analyses araportant are shown in table 1. And fig. 1 shows the
technological platform for biogas production.

Table 1i Substrate analyses

Analyse Goal
TS/0TS definition Water, dry matter and organic dry mat
content, among others, to calculate the rg
load.

Weender Information Technology Analytics Analysis of the content of phosphort
fluorine, potassium in the solution f
calculating the specific potential of methang
Chemical Oxygen Demand (COD) Biologig Analysis of equtaons for calculating specific

Oxygen Demand (BOD / BODS5, etc.) Methanogenic potential at 1 kg CSB = 0.35
CHs

Determination of the C:N:P:S ratio Balance of macronutrients
Optima:
600: 15: 5: 3

3000: 50: 3: 1 =900: 15: 1.5: 0.9
Determination of the content of microeleme| Balanceof microelements in raw materials
Batch testing according to VDI 4630 Experimental determination of metha
potential. But: it depends on the inoculum.

11¢€



Blogas
% Biogas (CH4, CO2)

(H2, CO2, H2S, NH3) Optional

Methanogenese

Substrate acceptance

-

Yeast

Gas purification ‘

Mechanical X | P — ——
Controlied
Information
additive dosing
- Mill, mixer, 1(::-10»4: storage
Desintegration) s c-; hquid phases
Mixture with . Hydrolysis- i
recycled material Acidogenese- oo Optional extraction (e.g i
s iquid and solid storage
(TS setting) The reactor | — ¥ Acid concentrate
- Sensory phases : liquid phase
T (e.g. decanter centrifuge)
- Inokulation

Recycling of low-
acid permeate

Retum of the
Festphase

Discharge solid phase

Processing of digestate
(e.g. separation,

Rezykiat N&S management)

Figure 1i Technological platform

The total potential for biogas production from agricultwalste, food industry, landfills,
municipal wastewater and industrial enterprises in Ukraine is estimated at 3.2 biljp@r year
in methane equivalent [6]. In addition, 3.3 billiod oan be obtained by growing various types of
energy crops on relativesmall areas. However, to date, there are no examples of biogas production
for industry in Ukraine, although such technologies have been used for many years in developed
countries of the world.

Conclusions.

The problem of the efficiency of biogas techrgias relevant and needs to be solved by
optimizing the energy and environmental characteristics of various processes during its direct
combustion to create the necessary temperature regime or generate electricity for industrial needs.
The choice of the dpnal direction for specific conditions of the enterprise is ambiguous. First of
all, it is necessary to strive to use the energy contained in biogas as efficiently as possible, taking
into account the peculiarities of the equipment, operating modeseaqddhty of the gas mixture.
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Simulation Results

Seasonal Heat Performance Factor (SPF) Energies

~ Energy generated / Year , Losses/ Year
Supplied by heat pump: 88968 kWh (83 %) Tank losses: --- kWh
Supplied by boiler: --- kWh ..fraction of solar tank losses: --- kWh
Supplied by solar system: --- kWh DHW recirculation loop: --- kWh
Supplied by elec. heating rod: 18289 kWh (17 %) Solar loop piping indoors: --- kWh

 Utilized energy / Year ‘ Solar loop piping outdoors: --- kWh
Space Heating: 108076 kWh (100 %) | Solar loop
Domestic hot water: --- kWh Solar fraction: - %

- Power consumption / Year e e %
Heat pump: 19735 kWh (52%) Efficiency of solar system: - %
Heating element: 18220 kWh (48 %) Irradiation onto active solar surface: --- kWh
Auxiliary energy: 12 kWh (0%) Energy delivered by collectors: ---  kWh
Solar loop pump: --- kWh
Boiler (fuel): --- kWh
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