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INTRODUCTION

Traditiond way of smdl power Nucear Power Plants (NPP) congruction may collide with a
number of difficulties in the removed regions or developing countries even if it is supposed to use
reector technology without ongte refuding. It is necessary to create congruction base, to deiver the
equipment and materids, to provide the mantenance of a socid infrestructure for the period of
condruction and operdtion. The optimum solution in this case may be in the way of ready for
operation power unit shipment which does not leave on the dte any radioactive maerids ater plant
decommissioning. It may be conddered dternate ways of the specified solution redization: floaing
NPP, coasta NPP, ground transportable NPP.

The coadd plant modification may be preferdble for the Customer having or intended to
devdop own indudrid - condruction and socid infrastructure. Otherwise for the Customer,
goparently, there will be more preferable floating modification of NPP.

Among innovdive technologies the technology besed on  gpplication of modular multi-
pupose fast reactors with LeadBismuth Coolant (LBC) is wdl prepared for accelerated
introduction and fit to modern safety and proliferation resstance requirements. This technology is
madered in Russa with reference to reactors of nuclear submarines (NS). On its beds prdiminary
desgn of the multi-purpose SVBR-10 (by themd capadity 433 MW) reector facilities was been
developed.

Initidly SVBR-10 reactor [1,2] was developed as the basic part of trangportable reactor unit
(TRU) - functiondly ready to agpplication, completdly factory manufactured and deivered to a NPP
dte (or taken out from NPP dte) by waer or heavy track way. Transportable reactor units with
SVBR-10 can be gpplied in power units of nudear power plants of low power for multiple purpose,
such as dectricity production, heat supply or sea water desdlination. Depending on required capacity
of the nucler power plant, in its sructure can be used single TRU, as wdl as severd TRU joint a
the NPP gte into modular nuclear power steam generdting facilities.

« The nudear idand » of NPP is formed on the bass of trangportable resctor units with
SVBR-10, ddivered on NPP dte by sea or waterway. Structure of NPP includes congructions and
replaced TRU with SVBR-10. Congructions of NPP ae the propety of the country - user
(Customer). Transportable reactor units are smilar to charged « nuclear batteries » and are delivered



by a prindple «Build — Own — Trandfer in rent ». It means, tha the Supplier transfers to the
Cugtomer replacesble TRU in rent for the time determined by the core lifetime and time for reactor
codling before freezing (~20 years). In NPP dte one or the seved TRU ae smultaneoudy
maintained.

After connection of the new one, used TRU with the wasted core is decommissoned from
operation and is trandferred into cooling mode up to primary coolant freezing. Reector module has
no refueling operations a the NPP site.

After coolant freezing TRU is trangported to the country - supplier for the core refuding,
necessary repar work and replacements of the equipment with limited life-time. The released place
on steis used for mounting of next TRU.

In 2006 “GIDROPRESS’ together with Joint-dock Company “Atomenergo” and |PPE
developed and investigated floating modification of NPP on the basis of SVBR-10 reactor module.

Results of study specify an opportunity of power source development with potentidly higher
level of safety and the best economic efficiency, than another types of reactors. In our opinion, such
power sources can find wide application, in Russa as wdl as in aroad countries teking into

account:
- The advanced properties of inherent safety based on passve principles;
- Super long corelifetime;
- Off-gte refueing, thet provides nuclear materids proliferation resstance;
- Safe trangportations of reactors with "frozen™ coolant;
- No needs in specidized infrastructure at NPP Site,

In the present report the basc design provisons of Foating Nuclear Power Plant (FNPP) on
the bass of SVBR-10 TRU, and ds0 results of its economic efficiency estimations are presented

2BASIC DESIGN PROVISIONS OF FLOATING NPPWITH SVBR-10 REACTOR

Limited draft floating nudear power daion with 12 MW(e) cgpacity and up to 50 Gea/hour
cogeneration heet is intended for the eectric power and a heat supply of settlements and the
industrid enterpriseslocated in coasta aress.



NPP operaion is possble both in an independent mode, and in loca dectric grids gructure
together with others power-supplies.

The generd concept of FNPP use includes:

o] FNPP condruction a the ship-building enterprise, coming to the end with acceptance
tests and acceptance by the customer;

o] FNPP trangportation to a place of operation and disoracing it with use of the prepared
watersde structures;

o] Condruction of the coadd infradructure providing an opportunity of FNPP
connection to coastdl power grid;

o] Operation of FNPP,
o] Repair works and refuding are supposed on the specidized ship-repair enterprise.

Fast neutron reector use with extra long core lifetime in FNPP dructure dlows to refuse
carying out on a place of operations with nuclear fud, that alows to exclude from FNPP dructure
the refuding equipment and fuel storage and, hence, to reduce the sizes and weight of FNPP.

Navigability and strength characteristics provide FNPP towage by the sea and the necessary

towing device is foreseen.

Sability and flooding resstance meet the requirements of the Russan Sea Register Rules of
Navigation for nuclear ships (further NS).

FNPP provides long and rdiable work under following conditions
o] Wind loadings up to 40 m's;

0 Caeen-5°andatrim - 15°;

o] Height of wavesupto 1,5 m.

Architectura type of FNPP - non-sdf-propdled sake type vessd with a double bottom and
double boards with the superdtructure well developed for accommodation of power equipment.

Main dimensons and the shape of the hull:
o} Length between perpendiculars -933m

0] Width -216m



seam:

o] Helght of aboard -103m
0 Draft of vessd at trangportation -37m
o] Draft inworking mode - aout 42m
o  Displacement of avessd (density of 1025 kg /nT):
- Emply - 6750t

- Digplacement full - about 8000 t

3. POWER INSTALLATION

3.1. A general part

The man energy sources on FNPP are two reactor facilities SVBR-10. Parameters generated

P=42MPq
T=410°C.

FNPP can be operated in two modes. dectricity production, eectricity and thermd energy

productiort

0  Themaximd capacity of dectric energy

(without central hesting) - 2AMVW,
o] Cogenerdtion mode:
- Electric capacity - 12 MW,
- Thermd capacity - 50 Gcal/hour.

Depending on conditions of operation and customer requirements FNPP  can  produce

dectricity and themd energy in various raios fresh wae and seam dso can be produced.
Configuration of power plant and auxiliay eguipment st will vary depending on raio between
mentioned above sarvices in energy and/or water supply.

The dation is eguipped with two auxiliary boilers 9 MW thermd cgpacity eech, which ae

the resarve energy sources during trangportation, start-up, submisson of the dectric power during

scheduled services and equipment repairs.



3.2. The basic characteristics of power ingtallation
The main power facilities compartments are:

o] ‘Reactor compartment;

o] Tompartment of main turbo-generators

o] ‘Boiler branchy

o] Tompartment of heaters for network water.

Thegenerd view of equipment placing is resulted in figure 1.

The gtructure of FNPP indudes the following equipment:
o] Two reactor facilities CVBR-10;
o] Two turbo-generators,

0 Auwliay geam generdting fadlities congding from two horizontd water-tube boilers
(P = 3,1 MPa) with thermd capacity 9 MW each;

o] The reserve diesd - generator 540 kW capacity;

o] Two emergency diesd - generators 200 KW capecity each;

0  Two dedindioningdlations with productivity ~20,0 t/day;

o] Auxiliary mechanisms and heat exchange equipment serving power inddlation;
0  Steam heaters of network water;

0] Water-water heaters of network water.
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Figure 1 — Pacing of equipment on FNPP with SVBR-10




3.3. Steam generating facilities

The main characteristics of SVBR-10 reactor facilities are resulted in table 1.

Table :The main characterigtics of SVBR-10.

Title Vdue
Therma capacity of areactor, MW 433
Steam output, thour 56
Parameters of generated steam

- Pressure, MPa 42

- Temperature, °C 410
Fud:

-Type UG

- Average enrichment of fuel on U-235, at. % 184

Core lifetime,, &ff. hours 135000
Time between refuding, years ~20
Desgn sarvice life of the irreplacegble equipment, years 60

The following consarvaive principles are put in abass of SVBR-10 design:

o] Maximum gpplication of the dedgn solutions which have been checked up by

operating experience;

o] Use of the mastered regime parameters on the primary and secondary circuits,

o] Orientation on exiging fud infradtructure and technologicd opportunities of the

meachine-building enterprises

The following design solutions were selected in SVBR-10:

o] The reector on fast neutrons with chemicdly inet LBC and integrated configuration
of the primary circuit & which the core, the eguipment of the primary dircuit and
modules of geam generaior are placed in the common vessd, thus the primary dircuit

has no pipeines and vaves,




Reactor vessdl has safety casng and is placed into water tank of passve heat remova
sysem which is formed by contanment dructure in the case of the floating power
unit;

The two-drcuit hest remova sysem and a dteam generator with repeated natura
circulation are gpplied;

Equipment placement and heet remova dircuits arangement ensure naturd circulation
leve, sufficient for reactor cooling down without dangerous overhegting of the core;

The badc reactor components as wel as seam generding inddlation components are
executed as separate modules, thus the opportunity of their replacement and repar is
provided,

The core desgn supposes smultaneous refuding as a uniform cartridge (a new core).
Refuding operations are made only on the factory - builder (once per 15-20 years);

All  equipment is locaed insde the seded contanment preventing lesks of
radioactivity a emegency unseding of reactor safety bariers. The protective
containment is redized from tight fla sections. Application of flaa desgns equdly
ressing both to internd, and externd pressure, dlows to provide most rationdly dl
requirements to this protective barier in conditions of a floaing condruction. The
protective containment is designed for datic durability at overpressure up to 0,1 MPq,
and dso on the dynamic loadings aisng a influence of man-caused and natura
factors. Containment durability is sufficdent for keeping of tightness a falures with
FNPP flooding.

3.4. Steam-turbine plant (STP)

Rather smple dircuit layout with feedwater heating only in deserator has been chosen for
maintenance of rdiability. Waste seam after turbine drive of feedwater pumps is used for feedwater
hegting in deserator. Steam extraction from low pressure turbine stages is used for hesting up of

auxiliary grid water.

The STP indudes the following eguipment:

0]

o

Two turbogenerators 12 MW capacity eech;
Two main condensers,



o] Ejectors,
o] Throttling -moigtening devices,

o] Barring gear and other eguipment.

Each turbogenerator with serving mechanisms and devices works irrespective of devices and
mechanisms of other board.

4. ECONOMIC EFFICIENCY OF THE PROJECT

The edimation of efficdency is based on cdculaion of the monetary Streams generated by
the investment project. For calculation of monetary streams the speciad computer mode! is used.

Edimation of projected economic efficency was made under conditions of Kamchatka
region according to heat and eectricity prices on the date 01.01.2006.

Table 2 - Integrated parameters of efficiency

Title Vdue
Smple pay-back period, years 10
Discounted pay-back periad (discount rate-8 %), years 16
Internd yield 105%
Yiddindex 123

5. CONCLUSON

Conceptud  project of floating NPP with two SVBR-10 reactors is developed according to
innovetive concept of reactors without ongte refueing and extra long core life time. Hoaing NPP
with the smple pay-back period of 10 years may be dtractive for invesments.
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