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I. INTRODUCTION 
After having adapted to French conditions the 1160 MHe 

G.A.C. reactor, Commissariat i l'Energie Atomique and French Industry 
have decided to design an High Temperature Reactor 1200 MWe based on 
the G.A.C. technology and taking into account the point of view of 
Electricité de France and the experience of C.E.A. and industry on 
the gas cooled reactor technology. 

The main objective of this work is to produce a reactor design 
having a low technical risk, good operability, with an emphasis on the 
safety aspects easing the licensing problems. 

This study has been performed by Commissariat à l'Energie Ato
mique and NOVATOHE, C.C.H.-SULZER for the steam generator design, C.E.K. 
and SULZER for the circulator design. 

II. MAIN TECHNICAL CHOICES 

The design has been oriented on the possibility to use a low 
core outlet temperature and to use a steam generator without helium 
reheater in order to improve the behaviour of hot metallic structures 
of steam generator and thermal barrier. In other hand the volumic po
wer of the core has been choosen relatively low (6.2 MW/m 3) in order 
to improve the flexibility of the fuel cycle (LEU or HEU fuel cycle) 
and to have the possibility to obtain high conversion ratio. 

To compensate the economic penalty induced by these choices, 
some options have been adopted : 

- use of high steam generator water inlet temperature 
(235°C) ; 

- use of high steam generator steam outlet temperature 
540°C compatible with the present state of turbine ge-
nerator technology ; 

- use of high helium pressure in the primary circuit 
(70 b) in order to have a low blowing power ; 

- use of 4 steam generators only with downhill boiling. 
For the blowers, we have decided to use electric motor driven 

circulators, to improve the operability of the plant, decoupling the 
blower operation from the steam production. 



III.l BASIC ARRANGEMENT 
The reactor core and the primary cooling system, including 

steam generator, circulators, core auxiliary cooling system are con
tained in a prestressed concrete reactor vessel (PCRV) as shown in 
figure 1. This vessel consists of a cylindrical cavity 0 = 13,3 m ; 
H = 15,2 m, containing the core, surrounded by concrete walls con
taining 4 cavities 0 4.5 m for the steam generator and circulators 
situated above- and 3 cavities 0 2.7 m for core auxiliary heat exchan
ger and auxiliary circulators. 

In the top head above the central cavity, 109 penetrations are 
used to remove the fuel blocks and contain the control rod drives. 
This top head contains also penetrations for helium purification and 
instrumentation. 

The bottom part contains penetrations for water pipe and 
4 steam generator for steam pipe. 
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This PCRV is surrounded by a prestressed concrete lined contain
ment wich prevent excessive leakage of fission product in case of dé
pressurisa tion accident and is supported by an annular structure. 
111.2 PCRV TECHNOLOGY 

The vessel is prestressed by two systems : a longitudinal pres-
tress system composed of steel wires embedded in concrete and a radial 
prestress system composed of circonferencial wires around the PCRV. 

The internal cavity of the PCRV is lined by a carbon steel 
plate 19 mm thickness anchored in the concrete. This liner is cooled 
by a water cooling system composed of tubes welded on the liner. 

This liner is protected by the thermal barrier composed of 
ceramic fibers compressed aqainst the liner by metallic plates atta
ched to the liner by metallic fixtures. The material used is carbon 
steel for the cold region and Hastelloy X for the hot region. Due to 
the difficulty to repair this structure, we have chosen very conser
vative design criteria : 

- no plastic deformation in design conditions, 
- a facto»* 3 margin on the maximum allowable stresses 
given by code case 1592. 

The thermal barrier of the bottom part of the cavity is compo
sed of ceramic fibers and block of silica (Hasrock) without any metal
lic plates at high temperature. 
111.3 FUEL AND CORE 

The core and fuel design are based on the G.A.C. technology 
using the thorium-hiqh e n r"' c n e <' uranium fuel cycle. Nevertheless, the 
calculations show it is possible to use without any modifications the 
same core for low or medium enriched fuel cycle. 
IIIi3^1_General_arrangement 

The core is composed of 661 columns of 8 graphite hexagonal 
blocksdivided in 109 core regions of 7 col umns except some peripherical 
regions with a reduced number of columns. Each core region is suppor
ted by a graphite support post. This structure is designed to obtain 
a good mixing of the helium flow coming from the columns in order to 
decrease the hot streaks on the thermal barrier. 



The active core is surrounded by a double row of hexagonal re
movable graphite reflector blocks wich permit to have a low neutron 
dose on the permanent lateral graphite block situated at the periphe
ric of the core. These blocks are laterally maintained by a special 
system composed of metallic plates used for shielding and limiting 
the seismic displacement of the core. 

The helium flow is controlled in each core region by a valve 
situated above the core adjusted in fonction of the measured core re
gion outlet temperature. 

The reactivity control is performed by 3 different systems : 
- during normal operation by 91 small control rods situa

ted in the central column of each region, divided in 
8 banks ; 

- for shutdown 91 normal control rods situated also in 
the central column of each region ; 

- a manuel reserve shutdown system is also used in case 
of failure of the normal shutdown system and is compo
sed of boron balls stored in happers. 

lUA^/^Core^gerfgr^nce 

- Volumic power 
- Helium pressure 
- Core helium inlet temperature 
- Core outlet temperature 
- Helium flow 
- Helium pressure drop 
- Fuel residence time 
- First core loading 

- Equilibrium reload 

- Maximum computed fuel temperature 
- Maximum fast neutron dose 

{ 

6.2 MW/m3 

7 MPa 
329°C 
656°C 
1781 Kg/s 
50,4 kPa 
4 years (annuel refueling) 
1452 Kg U 235 
35807 Kg Th 
656 Kg U 235 
7882 Kg Th 232 
1178'C 
7.3,10 2 1 0 FG 

* * # / • # # 



IIL^3_Fyel_handling 

This operation is performed with the reactor in shutdown con
ditions at a subatmospheric pressure and at a temperature of 120°C. 
The equipment used consist of a fuel handling machine for remaining 
and replacing the fuel and reflector élément, three fuel transfert 
cask for transferring fuel to fuel storage using a transfert dolly. 

I I I . 4 PRIMARY COOLANT SYSTEM 

The major system composants involved are the 4 steam generators 
the 4 main helium circulators the helium shutoff values, the core auxi
liary cooling system. 

IIIi4^1_rtownJ3ll1_boi2ing_steara_generator 

The steam generator module consists of a helical coil bundle 
i> 4.1 mm, 8 m height shown in figure 2. 
Hot helium coming from the core flow to each steam generator by a sin
gle hot duct, enters the bottom part of the bundle and exit at the tcp 
to enter the circulator. 

Feedwater enters the module via one feedwater tube sheet. Feed-
water is flowed into 475 tubes situated into the internal shroud.of the 
bundle going to the top part of the bundle where these tubes are con
nected to the tubes of the bundle by a thermal expansion loop. The tu
bes follows the helical path through the bundle, exit from the bottom 
of the bundle and are connected to 4 tube sheets by a thermal expansion 
loop. 

The tubing is supported by 6 plates guided lateraly on the inner 
and outer shroud and hanged by a structure supported by the outer 
shroud. 

The tubing has the same inner and outer diameter a l l along the 
bundle in order to have the possibility to perform in service inspec
tion by eddy current. 



FIGURE 2 : STEAM GENERATOR 
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JIIi4^2_^in_çirçulator_ar^_shutgff ̂ valve 

III.4/2-1 main circulator 
The main circulator is a submerged motor circulator, operating 

under helium atmosphere at 70 bars in the nominal conditions, It has 
a vertical shaft. The speed control is done by a static frequency 
converter. The drive motor is an induction motor piloted by a synchro-
neous compensator.' 

The compressor is a three stage axial, with an overall efficien
cy of 83.9 % at 3.200 RPM. The overhanging rotor is centered on the 
shaft by two center rings and attached by screws. His hub diameter is 
736.5 mm and his tip diameter is 1295.5 mm. 

The overall lenght of the shaft is 4.575 mm and the maximal 
diameter is 482.5 mm. The material is allied steel 34 Cr Ni Mo6. To 
eliminate the primary coolant leaks a labyrinth buffer with surpas
sed helium between compressor part and the motor part is built in. i 
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The moving parts are supported by two journal bearings on both 
sides of the electrical motor and by a thrust bearing at the upper part. 

Those bearing are oil lubricated Michell bearings with oscilla
ting soles. Each journal bearing has 5 soles ; the thrust bearing has 
10 per side. 

Oil supply is provided by two pumps Oil flowing from the bearings 
is drained in a pan and is pumped back into the tank. 

For the bearing stiffness, the first shaft critical speed is 
about 10 % above nominal speed. 

The electrical motor is a squirrel cage type induction motor. 
At the nominal speed, the frequency is 107 Hz and the tension is 6 KV. 

The variable speed power supply is a three phase tyristor brid
ge connected in parallel with an induction motor which drives the com
pressor and a no-load synchroneous motor intended solely, to supply the 
reactive energy which is used by the induction motor on the one hand 
and necessary to the inverter operation on the other hand. 
III.4/2-2 shutoff valve 

A sleeve type shutoff valve is associated with the main circu
lator to limit the backflow in the steam generator module when the 
circulator is stopped. The valve sleeve is actuated by three electri
cal actuators, and guided by three rails. 

iIIi3^LÇ2!!!§_3yîlîl§Cy-Ç22liD9_§y§£§5.(ÇiêiÇi5i) 
This system provides an independent means of cooling the reac

tor core and internals, reactor tripped with the primary rystem pressu
rized or depressurized. 

The C.A.C.S. consists of three separate and independent cooling 
loops with their auxiliary circulators and their auxiliary heat exchan
gers. 

The auxiliary heat exchangers are straight tube bayonet heat 
exchangers cooled by a water flow. The helium flow upward throught the 
heat exchanger outside the "bayonet tube". The smaller diameter "ba
yonet tubes" convey the water to the upper end, and the water exits 
through the annulus between the two tubes counter to the helium flow. 

Three independent cooling water systems carry out the heat to 
three stations at separate locations on the site. Each station inclu-

../... 



des the pumping, the cooling (air cooling heat exchanger, and the elec
trical assitance diesel). 

III.5 N.S.S.S. PERFORMANCE 
The main characteristic of the N.S.S.S. are the following : 

3020 m 
1195 MM 
39.5 % 
1285 Kg/s 

- Core thermal power 
- Net electric power 
- Net efficiency (wet tower) 
- Steam flow 
- Steam generator outlet 
Steam temperature and pressure 
Steam generator inlet temperature 

- Primary coolant pressure 
- Primary coolant conditions inlet/outlet SG 
- Primary coolant pressure drap 

540°C/17.5MPa 
235°C 
7 MPa 
650°C-325°C 
0.117 MPa 

IV. PLANT 
I V . 1 STEAM CYCLE AND TURBINE GENERATOR 

REACTOR PLANT TURBINE PLANT 

Motor driven circulators 
£«11,35 MW 

H If" 
0 6MpO 

16 CPC-S 

Steam 
generator 
bundle 
Ax76<;Mw 

17.5Mpo 

1285 Ki/s 

DRflER.REHEATER 
0.56 M pa 
22«»C 

Net output 
station 

A^-)l195Mv/ 

HP Heaters D T (2) Boiler 
Feed pomps 

Condensate 
Feed pomps 

FIGURE 4 : STEAM AND WATER SYSTEMS 
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Figure 4 shows the main steam and water system in the plant. 
The steam leaving the HP turbine is dried and reheated by an extrac
tion steam at 306 °C/3.46 MPa, to obtain at the inlet of the LP tur
bine a steam at 224°C/0.6 MPa. 

A part of the steam reheated is used to drive two boiler feed 
pump turbines, each of wich drives a steam generator feed pump and a 
booster. 

The steam at the outlet of LP turbine and boiler feed pump tur
bine exhausts to the condenser at a pressure of 0.008 MPa. The feed-
water is heated by 3 LP heaters and 2 HP heaters to a temperature 
235°C. 

The 3000 rpm turbine generator is composed of a double flow 
high pressure turbine followed by 3 double flow low pressure turbine. 

IV.2 PLANT OPERATION AND CONTROL 

iyi?^L^2J2C_Ç2Dît2ll§ë_P§r§l!!§îêri_lQ_î!3?_D9ni!§l_rê!!!9§_2f_l25^ 
(100 - 25 %) 

The plant has three major manipulated variables (reactor power/ 
helium flow/feedwater flow) which require three controlled parameters. 
Due to the elimination of gas reheater, the three following parameters 
may be controlled : 

- hot helium temperature at steam generator inlet (SGIT), 
- main steam temperature at each steam generator module 
outlet, 

- steam pressure at the inlet of the main turbine throt
tle valves (throttle pressure). 

The SGIT setpoint remains constant (650°C) between 50 and 100 % 
of rated load to reduce the creep-fatigue problems on high temperature 
structures. Thus,-the plant may tolerate daily large load changes requi
red by the grid (100 ^=± 50 % each day). 

In the load range 50 - 25 %, the SGIT setpoint is reduced with 
load (650—)- 570°C) in order to : 

- maintain the boiling zone out of the alloy 800 H part 
of the steam generator tubing, 

- insure stability of the downhill-boiling steam generator. 



« 

- 11 -

The main steam temperature setpoint remains constant (540°C) 
throughout, the normal range of load to reduce the creep-fatigue pro
blems on steam generator tubing and steam tubesheet. 

The steam pressure setpoint remains constant (16.6 KPa) throu-
gout the normal load range leading to improvment of plant operation and 
steam generator stability. 

The primary controls are those whose function is to maintain 
the major controlled parameters at the corresponding setpoints. 

The average hot helium S6IT (average of the four loops) is 
maintained at the predetermined setpoint by a PID controller which pro
vides a feedback reactor power demand to the neutron flux controller. 
In addition, a feed-forward signal, (helium plant flow) is combined with 
the feedback command to form the actual reactor demand. French magnox 
reactors use a similar system to control the average C0 2 temperature at 
the core outlet. 

The throttle pressure control is based on helium flow feedback 
action with a main turbine steam flow signal acting as a feed-forward 
command. 

The main steam temperature control based on feedwater flow feed
back action with a combined feed-forward signal (helium flow x helium 
SGIT). 

IV.3 SAFETY FEATURES 
The inherent safety of HTR is well known and is particularly 

increased in the design by : 
- the adoption of low core volumic power, 
- low maximum fuel temperature (1180°C), 
- low hot helium temperature (650°C), 
- steam pressure much higher than helium pressure, 

eliminating the risk of fission product leakage in case 
of S.G. tube rupture. 

In addition, a number of additionnai features are used in the 
reactor design : 

- The core auxiliary cooling system (3 x 50 %) ; 

* * # / # # » 
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- The reserve shutdown system ; 
- The steam detection and dump system which permit to 
detect, isolate and dump the S.G. in case of steam 
leakage ; 

- The use of flow restrictor for each penetration in 
order to have a maximum flow equivalent to a 645 cm 2 hole ; 

- The lined containment with the filtration and isolation 
system. 

V. COST 

The cost evaluation of the RHTF 2 design has been compared to 
6.A.C. design in the French conditions. 

- For the PCRV (including reactor vessels, internals, 
handling equipment) the RHTF 2 design is 20 % more 
expensive, due to the pressure increase and the low 
core power density. 

- For the steam generator the RHTF 2 design is 30 % chea
per (due to the reduction of the numbers of loops and 
the elimination of the reheater). 

- For the main circulator system the RHTF 2 design is 10 % 
cheaper (the overcost of motor driven circulator is com
pensated by the reduction of the number of loops and the 
ccst reduction of the piping). 

Finally, the cost of the RHTF 2 plant is approximatively the same 
as the standard G.A.C. design in the French conditions. 

É^fe ^ _ ^ ^ ^ ^ ~%mx^ i 


