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Vice Premiter Li Lanqing inspecting the installation of reactor core
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inspecting the installation of steam generator
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State Councillor Wu Yi and Mimster of Ministry of Saence and Technology Zhu Lilan
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Prof. Schudlen, Germany nuclear expert, was awarded as a guest
professgf of Tsinghua University, visiting HTR-10 and giving
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Mr. Hans Blix, Director General Emeritus of IALA, \'isili}\g
HTR-10 and giving instraction ¢
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The 10 MW High Temperzi. -

Gas-cooled Reactor Test Moo .

(termed HTR-10)

The 10 MW High Temperature Gas-cooled Reactor Test Module(termed HTR-10) 1s a major

project in the energy sector of the Chinese National High Technology Programme, serving as the

first major step of the development of modular HTGR in China. Its main objectives are: 1. to explore

the technalogy in the design, construction and operation of HTGRSs, 2. to establish an irradiation and

experimental facility, 3. to demonstrate the inherent safety features of modular HTGR, 4. to test

electricity and heat co-generation and closed cycle gas turbine technology and 5. to perform research and
development work on nuclear process heat application

Institute of Nuclear Energy Technology (INET) of Tsinghua University 1s the leading institution to organize

and mplement the key technology development, the conceptual design and the feasibility study of HTGR

during 1986-1990, the so called Seventh Five-Year Plan Period, and then it continues to be responsible for

the design, icense application, construction and operation of the HTR-10 test reactor. Now the construction of

HTR-10 was completed at the site of INET, which is located in the northwest suburb of Beijing city.

The HTR-10 project is to be carried out in two phases In the first phase, the reactor with an coolant outlet
temperature of 700°C will be coupled with a steam generator providing steam for a steam turbine cycle which
works on an electricity and heat co-generation basts. In the second phase, the reactor coolant outlet temperature
is planned to reach to 900°C. A gas turbine cycle and later on a steam reformer will be coupled to the reactor in

addition to the steam turbine cycle.

The HTR-10 design represents the features of modular HTGR design The reactor core and the steam
generator are housed in two stee! pressure vessels, which are arranged in a side-by-side way These two vessels
are connected to each other by a connecting throeugh the hot gas duct . All these steel pressure vessels are in
touch with the cold helium of about 250°C coming out from the circulator which sits over the steam generator tubes
in the same vessel.

Fuel elements are the sphenical fuel elements (6 cm in diameter) with coated particles The reactor core contains
about 27,000 fuel elements forming a pebble bed which is 180 cm in diameter and 197 cm in average height
Spherical fuel elements go through the reactor core in a"multi-pass” pattern. Pulse pneumatic fuel handling system
is designed for continuously charging and discharging fuel elements.lt has the advantage of reliability and
simplicity.

Graphite serves as the main matena! of core structures which mainly consist of the top, bottom and side
reflectors The ceramic core structures are housed in a metallic core vessel which I1s supported on the steel
pressure vessel. The thickness of side reflector is 100 cm, including a 25 cm thick layer of carbon bricks at the
outer periphery. In the side reflector, cold helium channels are designed in which helium flows upward after
entering the reactor pressure vessel from between the connecting vessel and the hot gas duct.

Helium flow reverses at the top of reactor core into the pebble bed, so that a downward flow pattern takes
place in it. After being heated in the pebble bed, helium enters into a hot gas chamber In the bottom reflector,
and from there 1t flows with reactor outlet temperature through hot gas duct to the heat exchanging

components. !

The steam generator 1s composed of a number of modular helical tubes, which are arranged in a circle

between two insulation barrels inside the steam generator pressure vessel The place inside the inner barrel

is foreseen for an intermediate heat exchanger (IHX) which will be installed in the second phase of the
project The IHX I1s a helical tube type Nitrogen flows inside the tube while helium flows outside the tube.

Decay heat removal of the HTR-10 is designed on a completely passive basis. At a loss of pressure

accident, against which no core cooling is foreseen at all, decay power will dissipate through the core

structures by means of heat conduction and radiation to the outside of the reactor pressure vessel,

where, on the wall of the concrete housing, a surface cooling system is designed. This system works

on the principle of natural circulation of water and it takes the decay heat via air coolers to the
atmosphere.

There are two reactor shutdown systems, one control rod system and one small absorber ball

system. They are all installed in the side reflector. Both systems are able to bring the reactor to

cold shutdown conditions. Since the reactor has strong negative temperature coefficients and
decay heat removal does not require any circulation of the helium coolant, so the turn-off of
the helium circulator can also shut down the reactor from power operating conditions.
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“The HTR-10 fuel elements are spherical -
ones with coated partlcfes Fuel element -
diameter is 60mm. About 8300 coated
particles are homogeneeusly dispersedina -
graphite matrix region |rrevery fuel element..
The matrix region has a-dlameter of 50mm.
The coated particles are-TRISO type,i.e.,
there is one SiC coatin Iayer between two .
pyrocarbon layers which is very effective i in.
retaining fission products wnthln the -~
particles.
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Bottom of reactor core with graphite construction
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Cooling helium chambers in graphite reﬂector blocks

R MHEEN 5

Reactor pressure vessel
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Reactor Pressure Vessel
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Number of heat transfer tubes

. BEHmA

' Total heat transfer area
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Inlet temperature of water

ZxMEOEE (FK) 440°C

Qutlet temperature of steam

P R—FERRE 349Kg/S
4 oo Mass flow rate
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2500 mm

50 mm ‘ -

Total height’ 12000mm
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Installing helium circulator in pressure vessel -

Pressure vessel of hot gas dyst
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HTR-10 Fuel handling system works on

pneumatic principle. Fuel elements are removed
from the reactor core in a singulanzed way by
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means of pneumatic pulses.
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Ddigital reactor protection
system is applied at the

HTR-10 with friendly
and reliable man

machine interface

is provided.
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Main control room
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Cavity cooling system .
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dfsPheat away to air coolers.
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s iIB Cavity cooling and air coolers work SRR REY CR A ROt -
on ngturgl circulation principle. The.f,e :::rnc{ :;lﬁ’;—;lplfl"llfl){[ :}1)@ confinement _of reactor and steam
passivefinherent features of the residual R

heat removal enhance reactor safety .




10 EE RS
BifEmTrRenE
AmRTER, EmIR
SR AT B MAR AR .
BT RERSSPUNEE
Zu, R — B ES
SRS SRS HT
. EBAERREE, Ei
DS SRRk T2 RIE
Hg° T B &HEESR

Helium punfication system

fHTR-10

‘Features. o

Even though radioactivity
released into primary coolant is
minimized, helium purification
system which continuously : .
removes radioactivity and other § = T e
impurities from primary ' *“\\\ W—_—="
coolant is designed, so that
radioactivity level of primary
coolant is very low.
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Steam turbine generator
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Construction cerespgny of HTR-10
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- 1994.12° - Construttion Permit of HTR-10 was issued . - - -
[s) SR
Eggﬁjﬁ IR by Natienal Nuclear Safety Administration =
[ 4 - . s
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First cgncrete was poured
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1997.10.28 Main Building of HTR-10 was completed -~ - ™~ "]
. - i )

1998.11.27 The Reactor Presure Vessel and Steam
AlRE VT iE - Ger:!erator Pressure Vessel was installed

Construction Permit ; inta the cavity .

B L 4

D ' .
1999.12 : Iystallation of ceramic internals was completed -
- .
2000.4.29  JThe head of pressure vessels were covered .
) o ’

L4
20009 & Components and systems installation were

:. " completed |
& - - -
2000.18%17 Fuel loading Commissioning license was issued
ot by National Nuclear Safety Administration -

Starting fuel loading

> .
. ’.’ 2000.12 First criticality of the HTR-10

. .
: HTR10M:b
Basement Construcgivn of HTR-10
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FERERERKIAFHEILEE
Former Director of National Nuclear Safety Administration
Huang Qutao checking up on work

|
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Academician Zhao Renkai and Ruan Keqiang, members of energy
expert committee, checking up on work.

Installing Reactor Pressure Vessel
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Fastening the flanges of reactor pressure vessel by stretching
MBS0 bolts using stretch machines‘devcldred by INET
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ion monitoring physical startup -

5L A R A RS TRAREE X

Officers and g3{fs of National Nuclear Safety Administrat
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Installing the last carbon component ¢




miE: MEBER E
CAD: IR .~ .

s r'll”""l""""

’

BZ IOMV B RAA X B SE

Bl JEmEW1021454 |
HBEI4mAD: 102201 '
HiE: (010)69771350,
(010)62770238
" {£E. (010)69771464 .
E —mail: hyy200@ tsinghua. edu. cn -
KAy :
Moib: JEEELERFERERME
HPE#wES: 100084 -
B3E: (010)62784533
{68 (010)62771150
E —mail: inezxw@ tsinghua. edu. cn
. http//www. inet. tsinghua. edu.cn = . . -




