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Abstract –This work presents the proposals on a new high-temperature reactor concept. Its main features are the combination of possibilities suggested by the use of coated particles and proven HTGR technologies. The proposed set of decisions includes:
 direct cooling of coated particles (CP) in fuel assemblies with cross flow of helium coolant,
 continuous core refueling, s
teel reactor vessel and two-circuit loop-type scheme of the reactor installation, with supercritical steam parameters  (560-7000C, 24-37 MPa  and high efficiency 47-60%).
I. introduction

The proposed concept of an innovative high temperature gas reactor (HTGR) for an NPP (hereinafter HTR-PB) represents the first experience in the consideration of an option to use pebble bed coated particle (CP) directly cooled by helium. Initially CP used for HTGR into carbon matrix (spherical fuel element of compact).

HTGR having:

-nearly   homogeny core, and   very much   carbon/uranium relative;

- big vessel dimension,  or small unit power [2];

-  very difficult refueling rector.     

  The main objectives in development of new concept is drastic increase of economic efficiency and competitive qualities of a NPP with HTGR due to reduction of capital and fuel cost by new technical decisions. 

II. Main objectives in development of a HTR-pB concept and Technical decisions to achieve the goals

Drastic increase of economic efficiency and competitive qualities of a NPP with HTGR due to reduction of capital cost, fuel cost and O&M cost. Design bases of  HTR-PB follows:
1. Direct cooling of CP by cross flow of helium [1].

2. Essentially heterogeneous core with reduced C/U mass ratio (5 times less than for a typical HTGR). 

 3. Increase of a unit power up to 1200 MW(e) at reasonable vessel dimensions (D/H=7/16 m). 

4. Steel vessel, steam generators and blowers connected of the pipes.    

5. Two-circuit loop-type scheme, vertical steam generator and intermediate heaters displaced into of the containment.

6. Supercritical steam (30-37 MPa, 650-7000С), 53-60% efficiency. 

7. PRACS with air.

8. System for suppression of graphite oxidation.

9. Continuous refueling of CP.

Motivation for the use of two circuit scheme and supercritical parameters is follow: perspectives to increase the efficiency up to 53-60%, absence of problems with transport of activity to the turbine part. The coal power stations have a great success in development [3]

III. REACTOR DESIGN DESCRIPTION
Reactor have under lit of steel vessel store "fresh" CP, and on the bottom of vessel - store burn-up CP. Every fuel assembly is supplied with ball-stop armature and the electromagnetic drives placed on the bottom of the vessel. This design allows use in the maximal degree opportunities CP pebble bed   for realization of continuous refueling of core at work on capacity. Fig.1 presents HTR-PB reactor design scheme, which realizes the above-listed technical decisions, and witch includes electromagnetic drive of control rods 1, branch pipes 2 for loading of  “fresh” CP,  lit 3, flanes 4, sone 5 for  pipe,  hot tube 6, hot pipe 7, cold pipe 8, isolation 9,  block of protective tubes 10, graphite top reflector 11, cylinder part 12 of vessel,  metallic shaft 13, fuel assembly 14, graphite radial reflector 15, graphite lower reflector 16, steel plate 17,  store 18 for burn-up CP, ball stop armature 19,  drive 20 of  ball stop armature,  21 branch pipes for discharge of  burn-up CP.
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Fig.1 Reactor design scheme

85 electromagnetic drives of ball-stop armature for every fuel assembly are located upon the reactor vessel bottom. The vent aligned with the discharge ball transport pipeline of 20 mm diameter is located in the reactor vessel bottom. It is intended for burn-up CP from the internal store of the reactor vessel discharge.

Internal store for “fresh” CP is divided into 30 sections. Each section is attached to branch pipe of 20 mm outer diameter for loading of fresh CP. From below each section is attached to the pipe collector, which distributes CP among groups of 2-3 fuel assemblies. Pipelines lay within the block of protective tubes. The upper ends of these pipelines are aligned with the pipe collectors, while the bottom ends are fixed to the inlet ball transport pipeline in the fuel assemblies.

The heterogeneous reactor have maximum degree separated between of  the fuel and  moderator. Traditional HTGR have nearly homogeny core, maximal resonance integral and optimal mass ratio graphite/fuel is nearly twenty. It is necessary for compensate very match resonance capture by U-238. Comparison of HTGR cores are listed in Table I. The date, presented Table 1, seeing correlation between graphite/uranium mass ratio and resonance integral U-238.

AGR core is essentially heterogeneous core with reduced C/U  mass ratio (5 times less than for THTR-300). 

Table 1. Comparison of HTGR cores
	Name
	AGR
	THTR-300
	HTR-PB

	Fuel
	UO2
	UO2
	UC

	Fuel element type
	Rod
	Coated particle

	Fuel element outer diameter,  мм
	15
	0.9
	1.8

	Kernel diameter, мм 
	14
	0.4
	1.3

	Assembly type
	Cluster of rods
	Sphere 
60 мм
	Layer of CP 50 мм

	Number of fuel elements in assembly
	36
	10000
	39.106

	U-8 resonance integral, barn
	11.5
	85
	17

	С/U mass  ratio
	3.8
	17
	4
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  The fuel assembly design scheme are shown in Fig.2 surrounded by 6 neighbouring fuel assemblies.  

Design scheme includes top carbon reflector 1, top protective plug 2,  pipe line 3,  conic collector 4, CP layer 5, clink collectors 7-9 (gape between neighbouring fuel assembly), 
 conic collectors 10-12,  lower protective plug 13, pipeline 14 for  discharge of burn-up CP,  channel for control rod 15, channels for helium  flow-16.

The fuel assembly are essentially  heterogeneous, that the layer CP thickness is “big”  for  resonance neutron. The fuel assembly have cross currant of the coolant, and have 3 stage at height.  3 stage is necessary  for  core much height. 

In Table 2 are  listed change resonance integral depend on CP layer thickness. This is necessary for optimization fuel assembly.  It is see, that is motivation for use uranium carbon (much of uranium density and small scattering cross section). Scattering cross section increasing of the resonance integral.   Optimal  CP layer thickness is 5-10 cm.

Table. 2. Effective resonance integral U-238, barn

	Thickness of pebble bed layer, cm
	Var.1
	Var.2

	10
	34.9
	17.6

	5
	37.7
	19.2

	3
	41
	21

	1
	54.7
	28.4

	Fuel
	UO2
	UC

	CP diameter
	1.0
	1.8

	Scattering cross-section in the pebble bed layer, 1/cm
	0.212
	0.154


III.SEVERELY ACCIDENT

When pipelines in the main cooling system are broken, the coolant from reactor vessel elapses to box. The box pressure increase and valve open. The air is push out and “wash out” by helium flow from box. The valve covered after helium loft.  The air concentration in reactor are very small. The current air in primary circuit through of clink (and graphite oxidation) is very slowly. This is realization of method “cover on pile of fire”.  
The residual heat removal is accomplished by the air 
system operating through the natural convection of all media at maximum temperature fuel 1300oC.

When feed water are stop, or blackout, the residual heat removal is accomplished by the air system (PRACS) operating through the natural convection of all media. Maximum temperature fuel – 1300oC.
When the steam generator tube are broken, the steam flow in primary circuit. But steam is between of CP, and reactivity is negative, that U-238 resonance capture is very increase.
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Fig. 3. The  system  graphite oxidation suppression 
1- concrete box of the reactor, 2-reactor vessel, 3-pipe type “tube into tube”, 4-steam generator, 5-hermetic box of the reactor and steam generators, 6-blower, 7-lits, 8-valves, 9-space of the containment, 10-wall of   the containment, 11-channel, 12-nitrogen system, -armature, 14-collector 
IV. Increase of efficiency of supercritical coal units

Increase of efficiency supercritical coal unit are listed in Table 3.

Table 3. Increase of efficiency supercritical coal unit 

	Name
	Pressure, MPa
	Temperature, 0С
	 Year 

	USA, Eddystone-1
	29.7 
	654/565/565/608
	1959

	Germany, Niederaussem
	27.4
	580/600
	2002

	Japan, Mitsumi
	25.4
	604/602
	1998

	Japan, Izogo

 & Tachibanavan-1, -2
	25
	600/610
	2000-2001

	Project Therme 
5th Framework, Elsam-Ansaldo
	37
	700/720/720
	2010


By 2010 new coal units could  increased  efficiency of steam turbine unit to 60%. Project Therme are answer on steam-gas unit call. Analysis of new trends is a part of  new HTGR concept qualification.
V.  ECONOMICAL CHARACTERISTIC 

 NPP with new HTR-PB having uncial economic characteristic relative PWR and traditional HTGR  (see Table 4).  Relative NPP with  PWR HTR-PB have: water use 3 time smaller, use fuel 1.6 time smaller, fabrication cost of core 2 time smaller. Safety is practically deterministic level.

Relative NPP with traditional HTGR HTR-PB have: use graphite 10 time smaller, fabrication cost of core 2 time smaller, unit power 1200 Mw(e).
Table 4. Relative economical characteristic unit NPP

	Name
	PWR
	HTGR
	HTR-PB

	Power, relative unit
	1
	0.3
	1

	Efficiency, %
	33
	48
	52-60

	Fuel use, relative unit
	1
	0.7
	0.63-0.55

	Water use, relative unit
	1
	0.55
	0.45-0.33

	Graphite use, relative unit
	0
	1
	0.1

	Capital cost, relative unit
	1
	1
	0.75

	Fabrication cost of core
	1
	1
	0.5

	Safety level
	Probably
	Deterministic


Major characteristic HTR-PB are listed in Table 5

Table 5. Major characteristic HTR-PB

	Name
	Value

	Electrical power, Mw
	1200

	Thermal power, Mw
	2000-2260

	Pressure of “fresh” steam, MPa 
	30-37

	Temperature of “fresh” steam, 0C
	700

	Efficiency, %
	53-60

	Pressure of helium, MPa
	10

	 Helium outlet/inlet temperature, 0C
	750/350

	Vessel dimension (D/H), m/m
	7/16

	Number of fuel assembly
	85

	Carbon block pitch, cm
	52

	Core high, m
	5

	Diameter of CP (UC kernel), mm
	1,8(1,3)

	Load of uranium dioxide, tons
	47,2

	Initial enrichment (burn-up), %
	9 (10) 

	Store load of  “fresh” CP, %  of  core load
	50
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 Fig. 1. ICAPP ’07 logo.

VI. CONCLUSIONS

New conception  of  HTGR  is very perspective for  

NPP. The use essentially  heterogeneous core and direct cooled CP   allowed create on base new concept HTGR NPP with uncial economic characteristic relative PWR and traditional HTGR . 

References

1. Gratton C.P., Design and assessment studies performed by the GBR Association on gas cooled  fast  reactor. Journal of the BNES,  p. 331-336, 1972
2. A.I. Kiryushin, N.N. Ponomarev-Stepnoy, E.S. Glushkov et al., The Project of the GT-MHR High-Temperature Helium Reactor with Gas Turbine, Nuclear Engineering and Design, 173 (1997) p.119-129
3.  Kaneko et al. Design and Operation Experience of 1000 MW ultra Supercritical Coal Fired Boiler with Steam Condition of 25,4 MPa 604/6020C, Mitsubishi Heavy Industries Technical Review, v. 36, No.3 Oct. 1999.


_1144749117.dwg

_1126957882.dwg

