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Design Studies of HTGR 

Several design HTGR studies have been performed in INET since the 
mid-seventies. In the first phase beginning in 1973, a target for 
construction of a 100 MWt HTGR thorium thermal breeder was set and a HTGR core 
with tholrum pebble-bed was designed. A conceptual design and more detailed 
calculations have been made. This conceptual design was characterized by its 
compactness (high specific power), high conversion ratio (approaching 1.0 in 
such a small reactor) and operability (inherently stable, on load refueling 
property, etc.) and it was designed for working on thorium fuel cycle. In 
order to increase specific power and breeding ratio, a two-zone core blanket 
design was chosen. The blanket elements contain only thorium with a very 
small amount of bred Pa and Ü 2 3 3 . The core itself is zoned also to flatten 
the thermal flux, and the hot spot is eliminated by special arrangement of 
helium flow in the central region /1/. A series of experiments on reactor 
physics, thermodynamics, materials, fuels and core structure, etc. were 
carried out in parallel. The main parameters of this experimental HTGR 
breeder are listed in Table 1. However, due to various reasons the 
construction of this reactor was postponed indefinitly, but many of the above 
R and D work has been continued in INET. 

In the second phase, a new project on application of HTGRs for nuclear 
process steam production for heavy oil recovery and chemical industry is now 
being carried out. The selected HTGR design for this project is the modular 
type pebble-bed reactor with the power of 200-500 MWt. Such a design is 
characterized by its inherent safety feature which relies on natural laws (the 
decay heat generated within the core can be passively removed by means of 
conduction, radiation and natural convection to surrounding passive media 
without a significant release of fission products from the coated oarticle 
fuel) to guarantee the maximum fuel temperature not exceeding 1600 с under 
total loss of coolant accident, below which the coated particles will keep 
their integrity. One of the drawbacks of such modular HTR approach in the 
limitation of core size (i.e. core diameter) and hence the unit power, which 
results in higher specific investment. A modification to the original German 
design was made by a INET visiting scholar in KFA Jülich. The new design 
concept almost double the thermal output of its original value (i.e. form 250 
to 500 MWt for a single "module") without sacrificing the inherent safety 
features and hence improved the economy /2/. The essential idea of the 
modified design is the adoption of a zoned core with a non-fueled central 
column of graphite balls and six graphite-noses. Since the inner core with 
diameter of 1.2M has no fuel, the hot point moves outward and the maximum fuel 

Table 1. The Hain Parameters of the HTGR Breeder 

Electric Power (Mtf) 25 
Thermal Power (MWt) 100 
Fuel Loading (kg U-233) 39.4 

In core (kg U-233) 20.0 
In blanket (kg U-233) 19.4 

Breeder Ratio 1.035 
Engineering Loss 0.014 
Fuel Specific Power (kw/kg U) 2.52xlo3 
Core Specific Power (MW/мЗ) 12.8 
First Fuel Loading (Kg Ü-235) 30.0 
Conversion Ratio 0.73 
Th Loading (ton th) 34.14 
core Diameter/Height (И) 2.4/1.66 
Helium Pressure (kp/cm2) 40 
Helium Temp. Out/In (°C) 700/250 
Max. Center Temp, of Fuel Ball (°c) 1193 
Steam Pressure (kp/cm2) 45 
Steam Temp. (°c) 450 

Table 2. The Main Parameters of Typical Module HTGR 

Type HTR-Module /7/ Module-500 / 2 / 
,f|., (modification) 

Thermal Power (MWt) 200 500 
Core Diameter (M) 3.0 5.2 
Core Height (M) 9.40 9.6 
Mean power Density (MW/M3) 3.0 2.45 
Fuel Element Diameter (cm) 6.0 6.0 
Heavy Metal content (g/ball) 7.0 7.0 
Enrichment U-235 (%) 7.9 6.2 
Burn-up (MW/TU) 80000 66500 
Residence time of fuel element (d) lOOO 1023 
Helium Pressure (bar) 60 50 
Outlet/Inlet Temp. (°C) 700/250 700/250 
Steam Pressure (bar) 190 180 
Steam Temp. (°C) 530 538 
Feed Water Temp. (°C) 170 130 
No. of s.G. 1 4 
Pressure Vessel Type steel Vessel PCRV 
Outside Diameter (m) 5.9 20/16 
Height (m) 25.0 24/35 



element temperature after the hypothetic loss of all coolant will never be 
higher than the safety margin of 1600°C/ (the calculated value is 1553°C, the 
temperature transient after LOCA). The colder helium from the non-fueled 
central column of graphite balls is directed to the central hole of lower grid 
plate and by-passes the steam Generator and flows to the inlets of helium 
circulators. Prestressed concrete vessel has been chosen due to larger core 
diameter design value (5.2M Vs, 3.5M) instead of the steel vessel in the 
original modular HTR design. The main design parameters of this reactor are 
listed in Table 2. 

Other two design concepts of modular pebble-bed reactor had been carried 
out jointly with KFA Jülich. One is HTR-Module-334 with a thermal power of 
334 MWt and multiple run-through fueling. Another is the HTR-OTTO-200 with 
200 MWt and once-through fueling. Three or five such reactors can be combined 
in the modular way to provide the power of 1000 MWt as heat sources for heavy 
oil recovery or petro-chemical industry application /3/. 

The Research and Development Work on HTGR in INET 

The INET engaged seriously in R and D work on HTGR since 1973. A lot of 
experiments and developmental work have been carried out, and the major 
progress will be summarized in this section. 

1. The prestressed concrete reactor vessel (PCRV) design and model test 

A series of computer programmes for the structure analysis have been 
developed and a series experimental studies were carried out in parallel with 
the theoretical approach. Among which the most important ones are as followsi 

lilO PCRV model test, 
- PCRV top plate model test, 
- Friction loss in prestressed cable, 

Development of lubricant for prestressed cable, 
- Local stress in heavy duty prestressing system, etc. 

A 1x10 model was set up in 1975 to verify the design criteria and 
methodology as well as to explore the construction technologies. It was in 
fact the first and the only actually built PCRV in china up to now and lot of 
experiences were obtained. The experiments both under normal pressure 
conditions (40кр/сщ2) and blow-up test were carried out. The experimental 
results coincide quite well with calculated curves. The cracks appeared at 
79kp/cm 2, or 144% of the estimated value, and the vessel blow-up at 
229kp/cm^f or 208% of the estimated value. It is therefore confirmed the 
adequacy of the design methodology and the safety of such a vessel /4/. 

2. The 1»10 all-graphite core structure model seismic test 

In order to check the stability of the all-graphite two-zone core under 
seismic conditions, a 1«10 graphite core model was built and every piece of 
the graphite structure in this model was fabricated to withstand the seismic 
vibrations, both horizontal and vertical, simulated corresponding to magnitude 
8 in Richter scale. The test result indicated that the design was considered 
to be able to withstand most severe seismic conditions anticipated at the site 
(near a fault to the north of Beijing). 

3. The fuel element circulation test system and Its components experiments 

The fuel element circulation test system was set up and a series of 
experiments were carried out to trace the behaviour of the movement of 
individual spherical fuel elements inside and outside the core, and to test 
the operation reliability of relevant components in this system. A full-scale 
pneumatic lift system was set up to measure the actual velocity along the 
pipeline and to verify the effectiveness of the damping system. The errosion 
of graphite balls was also measured to identify the tolerable limit of the 
number of recirculations of the balls and the possible dust level in the 
coolant loop. 

4. Test of the control rod and its drive 

A It2 and a ltl pebble-bed core model were built to measure the inserting 
forces on the control rod and the influences of many factors, e.g., the depth 
of insertion, the flow pattern of the bed, the velocity of rod insertion, the 
shape of the rod, the density and friction factor of the spheres, and the flow 
of the cooling gas. The design data have been gathered in these experiments. 
A special designed split-rotor canned motor capable of working operation 
condition (under 200°C) was designed, fabricated and tested. 

5. The steam generator experiments 

A large test loop of 7 MWt input was set up to study the stability of the 
parallel flow in the helical type once-through steam generator under partial 
load condition. Another test is to study the vibration characteristics of the 
helical tube bundle configuration under different operation conditions. 

G. Helium circulator technologies 

A helium circulator was designed and key technologies were studied. The 
sealing of the rotating shaft was a critical issue and a series of experiments 
were carried out. The oil lubricated bearing was chosen for its maturity and 
the working conditions were designed in the following wayi working pressure 
40kp/cm 2, pressure of sealing oil 42kp/cm 2, temperature at sealing 80°C ( 

diameter of shaft at sealing 112mm, leakage rate lOcmVhr and lifetime of 
sealing 10,000hr. The typical result of the leakage Vs. time was obtained and 
a conclusion was drawn that such a sealing could fulfill the design criteria, 

7. Static sealing test 

A thin silver or nickel ring against shallowly teethed sealing surface of 
flanges was tested under room temperature, 250°, 200-450° and 400-600°C 
respectively. The diameter of the sealing was 90mm and the thickness of the 
metal ring was 0.25mm. It was found that the leakage will be less than 1x10-9 
torr-l/sec at 1 kp/cm 2 pressure under 450°C which could meet the design 
criterion. 

8. Fuel and material developments /5/ 

The nuclear graphite of ordinary density had been manufactured in large 
scale long before INET got involved in HTGR development, and it provided a 
sound basis to start R and D work in this new area. In order to provide high 



density, impermeable graphite of HTR application, several impregnating 
processes (both with liquid and gas) were successfully tested. 

The coated particle fuel is the heart of HTGR technology. Considerable 
efforts had been made in this area by INET since mid-seventies. Both kernel 
preparation and coating technologies were developed and several kinds of fuel 
kernels had been studied, i.e. the UO2/TI1O2 ceramic microsphere and the 
VO2/VC/C particle obtained form carbonization of uranium saturated ion 
exchange resin. The oxides kernels were made by external gelation process. 
The kernels ranging from 200-800u have been prepared with a deviation in 
diameter around 5%. In the coating technology, both porous and impermeable 
layers form acetylene and propene respectively could be made. However, due to 
the lack of irradiation facilities, the particle produced have not yet been 
tested in reactor. The parameters of the coatings are listed in Table 3. 

Table 3. Parameters of Coated Particle 

Diameter of Kernel (u) 200 
Thickness of Buffer Layer (u) 85 
Thickness of High Density Layer (u) 65 

3 
Density of Buffer Layer (g/cm ) 1.0 
Density of High Density Layer (g/cm ) 1.85 
Elleptic Ratio +10 
Denviation of Outer Diameter +10 
OPTAB • 1.05 

Study of HTR Application on Heavy oil Recovery 

From a medium and long-term point of view the enhanced oil recovery will 
be increasingly important in future petroleum extraction, Insplte of the 
temporary drop of world crude oil price. The recovery of heavy oil, tar sand 
and the like will increase substantially the world petroleum age since the 
total measured reserves of these non-coventional resources are even larger 
than those of the light oil varieties. The same situation may turn out In PRC 
too, but at present the quoted figure of the heavy oil resources constitutes 
about one-sixth of total Chinese petroleum reserve. For example, Shengli Oil 
Field in the east of China has rich heavy oil resources, which are deep and 
have high viscosity, so that for the recovery of such resources large amounts 
of steam with high temperature and pressure are required. Therefore, Shengli 
Oil Field is interesting in the application of the modular HTR plant for the 
generation of injection steam and electricity for heavy oil recovery. 
According to a primary analysis, a modular HTR's station with total power of 
1000 HWt is suited for this special case. The oil production would be around 
1.5 to 2.0 Hio tons per year. 

The modular HTR's cogeneration plant with 1000 MWt can supply the 
injection steam of 1045 tons/hour at 160 bar and 390°C which is enough to 
produce 1.5 Hio tons heavy crude oil per year. Meanwhile, it can generate 110 

MW of electric power and low temperature steam for water treatment. The total 
thermal efficiency is about 96%. The main data of such a nuclear steam system 
are listed In Table 4. 

Table 4. The Hain Data of HTR Nuclear Steam System for Heavy Oil Recovery 

Oil Production 
Total Thermal Power 
Number of Modular HTR 

Supply Injection Steam 
at pressure 
at temperature 

Thermal Power for Injection 
steam 

Electric Power 
Steam for Water Treatment 

at pressure 
at temperature 

Thermal Power for Water Treatment 
Total Thermal Efficiency 

(mio tons/a) 
(MWt) 

(tons/h) 
(bar) 
C C ) 

(HWt) 
(HW) 
(tons/h) 
(bar) 
C"C) 
(HWt) 
(%) 

1.5 
1000 

4x250HWt 
or 2x500MWt 
1045 
160 
390 

850 
111 
«6 
2.5 

225 
38 
96 

Using the HTR nuclear steam system instead of the oil fired steam 
generators can annually save approximately 0.66 Mio tons oil. It should be 
much more important for the national economy. Furthermore, the study of the 
possibilities for upgrading the produced heavy oil with nuclear process heat 
form the HTR is considered, which should give additional benefit for the Heavy 
oil Field /3/ /6/. 
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