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Abstract –The core of the High temperature gas-cooled reactor pebble-bed modular 

(HTR-PM) is piled up with about 420,000 spherical fuel elements. The on-line 

continuous discharge and multi-pass of the fuel elements can effectively increase the 

reactor operation availability. To achieve the long-term stable equilibrium stage, a 

running-in phase from the initial core should be designed and optimized with 

deliberation. Due to that the initial core and running-in phase are completely 

different from the equilibrium core, detailed accident analyses are required to prove 

the reliability of design, as well as the safety of the reactor. (do not use boldface for 

the text of the abstract).  

On the basis of a certain design of the initial core and the running-in phase, 

considering three typical states during the running-in phase, preliminary reactivity 

accident analysis are carried out, and the results are compared with that of the 

equilibrium core. 

According to the HTR-PM design, large reactivity introduction accident are 

definitely avoided because only one control rod can be moved at one time. 

Nevertheless, in this paper, compared to one control rod withdrawal accident, an 

extremely hypothetical accident is also considered, namely all control rods are 

drawn out of the core simultaneously and uniformly in 5 minutes when reactor is 

operated on 105% rated power. With the TINTE code, some important parameters 

during the transient process, including the power increase, the temperature increase 

of the fuel element and the helium, the increase of the primary pressure, as well as 

the scram triggering time, are studied. Besides, the long-term heat-up of the reactor 

core has been studied for the most severe condition. To a certain extent, the results 

can verify the tentative design of the initial core and running-in phase, as well as 

further prove the safety feature of the high temperature gas-cooled reactor (HTGR). 

Key words –High temperature gas-cooled reactor; running-in phase; reactivity 

accident 
 

I. INTRODUCTION 

 

I.A. Main design and equilibrium core of the 

HTR-PM 

 

Modular high temperature gas-cooled reactor 

(HTR), having well-known inherent safety features 

[1], is recognized as a candidate for the generation 

IV nuclear energy system technology. Based on the 

successful design, construction and operation of the 

10 MW high temperature gas-cooled test reactor 

(HTR-10) [2], a commercial-scale 200 MWe high 

temperature gas-cooled reactor pebble-bed module 

project (HTR-PM) is now designed and constructed 

in China [3]. 

 

Fig.1 shows the schematic diagram of the HTR-

PM, and the main design parameters are listed in 

Table 1. The reactor core is a loose packed bed 

consisting of about 420,000 spherical fuel elements 
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in the equilibrium state. For each fuel element with 

diameter of 6 cm, there are about 12,000 TRISO 

coated particles of 0.92 mm diameter embedded in 

the graphite matrix forming a fuel zone with a 

diameter of 5 cm and the heavy-metal loading is 7 g, 

while the outer shell with a thickness of 0.5 cm is a 

fuel-free zone. To prove the integrity as well as the 

retention capacity for radioactive fission product of 

the TRISO coated particle, the limitations for the 

fuel temperature in normal operation and accident 

condition are 1200 ºC and 1620 ºC respectively. In 

order to effectively protect the pressure vessel units 

from overpressure, the primary pressure release 

system is designed as two-fold redundancy. The set-

points of the two safety valves are 7.9 and 8.45 MPa 

respectively. Both of them will close again once the 

primary pressure has reached to the value of 6.9 

MPa. 

 

 
Fig. 1: HTR-PM schematic diagram. 

 

The reflector surrounding the core consists of 

large piles of graphite blocks. In the inner area of the 

side reflector, 24 control rod (CR) and 6 small 

absorber sphere (SAS) shutdown units are installed 

for the reactivity control, hot shutdown or cold 

shutdown. In normal operation, 6 control rods are 

inserted acting as the regulating rod, while the other 

18 control rods are out of the core and used as the 

shut-down rod or safety rod. The 6 regulating rods 

are inserted into the reflectors usually in the same 

depth. 

 

The on-line charge and discharge of the fuel 

elements were realized in the HTR-10 and are now 

also adopted in the HTR-PM. The fuel element in the 

core moves very slowly from the top to the bottom. 

Each day, only about 1.4% of the fuel elements will 

be discharge, so in the transient simulation, the 

pebble bed absolutely can be assumed as motionless. 

In the equilibrium state, After 15 passes through the 

reactor core, the fuel element may reach the target 

burn-up and then be discharged. The maximal and 

average fuel temperatures of the equilibrium core are 

about 900 ºC and 600 ºC. 

 

Table 1: Main design parameters of HTR-PM. 

Parameter Unit Value 

Reactor total thermal power MWt 2×250 

Rated electrical power MWe 210 

Average core power density MW/m3 3.22 

Primary helium pressure MPa 7 

He temperature at reactor 

inlet/outlet 
C 250/750 

Primary helium flow rate kg/s 96 

Heavy metal loading per fuel 

element 
g 7 

Active core diameter m 3 

Equivalent active core height m 11 

Diameter of the RPV m ~6.0 

Number of fuel elements in a 

module 
 420,000 

Average burn-up GWd/tU 90 

Main steam pressure MPa 13.9 

Main steam temperature C 571 

Main feed-water temperature C 205 

 

The helium coolant flows through the core from 

top to the bottom, with the average inlet and outlet 

temperature of 250 ºC and 750 ºC respectively. 

Because the technology of the steam turbine is 

mature, and many operation experiences are 

available from fossil power plants, the HTR-PM 

project adopts the steam cycle, and a kind of once-

through helical steam generators (SG) are selected. 

 

I.B. Initial core and running-in phase 

 

Because no or less fission products exist, the 

initial core is generally constitutive of low-

enrichment fuel elements or even pure graphite 

elements. From the initial core, the stable 

equilibrium core will finally be reached after a 

period of time, namely the running-in phase.  
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Theoretically, to reach the equilibrium core, huge 

amounts of proposals exist for the design of the 

initial core and the running-in phase. But, some 

safety criteria must be considered, e.g., the control 

rod worth must meet the shut-down request of the 

core. Compared with the equilibrium core, during the 

initial core or the running-in phase, the number of 

the fuel element in the core, the enrichment in the 

fuel element, the reactivity charge and the 

accumulated fission products are all different. 

Consequently, the reactivity worth of the CR and the 

SAS system, as well as the reactivity temperature 

feedback coefficient of the fuel, the moderator and 

the reflector, is different from that of the equilibrium 

core, which may result in different transient response. 

So, to guarantee the safety principle of the HTR-PM, 

it is very important to bring forth a rational and 

feasible proposal for the initial core and the 

corresponding running-in phase. 

 

Considering the features of the HTR-PM, as well 

as the practical limit of the engineering, one possible 

proposal for the initial core and the running-in phase 

has been brought forward. 

 

The reactor will go through four stages from the 

initial core to the equilibrium core: 

 The first critically; 

 The running-in phase replacing the graphite 

elements with low-enrichment fuel elements 

gradually; 

 The running-in phase replacing the low-

enrichment fuel elements with high-

enrichment fuel elements gradually; 

 The core is constitutive of high-enrichment 

fuel elements same as those used in the 

equilibrium, and the core status approach to 

the equilibrium core. 

 

To reach the equilibrium core, it would take 

about 1140 full-power days. 

Fig. 2: Maximal power density during the initial core 

and running-in phase. 

 

Fig.2 shows the time-dependent maximal power 

density during the initial core and the running-in 

phase of this proposal. With the low-enrichment fuel 

elements or even the pure graphite elements in the 

core, the maximal power density in the first dozens 

days is higher than the value of the equilibrium core, 

6.29 MW/m3. This would also cause the higher 

maximal fuel temperature in the core. But after about 

400 days, the maximal power density and the 

maximal fuel temperature both approach to the 

equilibrium values. 

 

I.C. Reactivity accident 

 
Reactivity accident analysis is important for the 

nuclear power plant design, because it would cause 

the steep rise of the reactor power, so as to challenge 

the safety of the fuel element. As mentioned above, 

during the initial core and the running-in phase, the 

CR reactivity worth, the reactivity temperature 

feedback coefficient, the fuel element distribution, 

the power density distribution, and the peak value of 

the power density, are all different with those of the 

equilibrium core. Accordingly, during this period, if 

any accident, especially the reactivity accident 

happens, the transient response would be much 

different to that of the equilibrium core. So the 

reactivity accident should be studied in detail for the 

initial core and the running-in phase, to assure the 

safety and reliability of the fuel elements in the 

reactor core. 

 

Three different time points during the initial core 

and the running-in phase have been selected (as 

listed in Table 2), and the reactivity accidents have 

been analyzed for these core status, while the 

accident for the equilibrium core also being analyzed 

for comparison. It must be mentioned that, in the 

case 2, the maximal power density reaches the peak 

value as shown in Fig.2. 

 

Table 2: Description of analysis case. 

No. Status 
Equivalent full-

power  day 

1 Initial core 4.8 

2 Running-in phase - 

3 Running-in phase 39.8 

4 Equilibrium - 

 

Two different reactivity accidents have been 

considered during normal full power operation: 

 One control rod withdrawal in 60 seconds; 

 All regulating rods withdrawal in 5 minutes. 

 
For the four cases listed in the Table 2, the core 

states are totally different, and the inserted positions 
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of the 6 regulating rods are also different. So, one 

control rod inadvertent withdrawal will introduce 

different reactivity. In this paper, it is conservatively 

assumed that positive reactivity of 0.2% is 

introduced in 60 seconds. 

 

According to the HTR-PM design, large 

reactivity introduction accident are definitely 

avoided because only one control rod can be moved 

at one time. Nevertheless, in this paper, compared to 

one control rod withdrawal accident, an extremely 

hypothetical accident, all control rods withdrawal, is 

also considered. Besides, 105% rated power is 

assumed conservatively. 

 

According to the design of the HTR-PM 

protection system, this type of accident can be 

detected by the following protection parameters: 

 Neutron flux (trigger value: ≥ 120% rated 

value); 

 Hot helium temperature (trigger value: ≥ 

790ºC) 

 

The following protective actions will be triggered 

by the above signals to prove the safety of the 

reactor: 

 Dropping of reflector rods; 

 Shutdown of blower and close of blower flaps; 

 Isolation of SG on both sides. 

 

During the analysis, it is conservatively assumed 

that, the reflector rods would be dropped in 200 

seconds, and the flow rate of the helium would 

decrease to zero linearly in 30 seconds. 

 

After reactor shutdown, if the active core cooling 

system is not put into service, the decay heat will be 

removed from the reactor core to the reactor pressure 

vessel (RPV) solely by means of physical processes 

(heat conduction, radiation, convection) in a passive 

way. Then the heat will be transferred from the RPV 

to the water-cooling panel of the reactor cavity 

cooling system (RCCS) by radiation and convection, 

and finally to the atmosphere by water natural 

circulation and air natural circulation. 

 

II. CODE AND MODEL 

 

The time-dependent neutronic and thermal-

hydraulic TINTE code, specially developed to assess 

the transient behavior of pebble-bed high 

temperature reactor by Jülich Research Center of 

Germany [4], has been widely used during the design 

and safety analysis of the HTR-PM. 

 

TINTE takes full feedback effects into account in 

two-dimensional r-z geometry, of which the main 

time-dependent calculation components are: 

 The neutron flux considers two energy groups 

and six delayed neutron groups; 

 The nuclear heat source distribution includes 

local and non-local energy distribution 

fractions; 

 The heat transports from the fuel kernels to the 

fuel element surface, and the global solid 

temperature distribution is calculated via 

conduction and radiation; 

 The coolant gas flow distribution is solved 

from a specified mass flow or pressure 

gradient, as well as the heat transferred by 

forced and natural convection; 

 The gas mixing effects of multiple gases in the 

primary circuit include corrosion interactions 

between the gases and solid structures. 

 

Two-dimensional r-z geometry thermal-fluid 

model of the HTR-PM reactor, as well as the one-

dimensional primary circuit model, is established for 

TINTE code simulation [5, 6]. The two-dimensional 

model includes the core, the graphite reflector, the 

carbon brick, the RPV, the concrete wall, and so on. 

The primary circuit model includes the pipes, the 

main helium blower, the tube bundles of steam 

generator, the safety valve, and so on. The quasi-

static approximation has been adopted in TINTE for 

gas flow [7] due to the very small heat capacity and 

the inertial forces of the helium. 

 

The physical characteristics of the initial core, 

the running-in phase and the equilibrium core are 

simulated in detail with the V.S.O.P. code, which was 

also developed by Jülich Research Center of 

Germany for the physical design of the pebble-bed 

HTR [8]. So for each case in Table 2, some 

important neutronics parameters, including the 

nuclear cross-sections and their polynomial 

expansions, the non-isotropic diffusion regions as it 

is necessary to treat large cavities or holes, and the 

data on the treatment of the decay heat and 

optionally on the multi-fuel-element properties, are 

offered based on the V.S.O.P. code calculation. An 

equivalent control rods’ worth, as well as their 

insertion positions, also can been offered by the 

neutronics calculation and then described in the 

HTR-PM two-dimensional model. Therefore, the 

joint movement of all the regulating control rods can 

be simulated by TINTE code. 

 

III. CALCULATION RESULTS 

 

III.A. One control rod withdrawal accident 

 

Fig. 3 shows the time-dependent relative fission 

power during one control rod withdrawal accident of 

these four cases. Due to the positive reactivity 

introduction, the reactor fission power and total 

power will both increase, resulting in the increase of 
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the maximal fuel temperature as well as the average 

temperature (Fig. 4). As shown in Fig.3, via the 

negative temperature feedback coefficients of the 

reactivity, the fission power will decrease and then 

fluctuate around a certain value a little higher than 

the initial one, even this accident did not be detected 

and no any protective action was put into use. 

 

 
Fig. 3: Relative fission power during one control rod 

withdrawal accident. 

 

 
a) Maximal fuel temperature 

 
b) average fuel temperature 

Fig. 4: Fuel temperature during one control rod 

withdrawal accident. 

 

This kind of accidents can be firstly detected by 

the protection parameter of high neutron flux of 

120%, namely the relative fission power of 120%. 

The T1, the time when this first scram signal appears, 

is listed in Table 3. It can be seen that, in the 

equilibrium core, the peak value of the fission power 

is maximal, and the first scram signal appears most 

early. While in the case 2 of the running-in phase, the 

peak value of the fission power is minimal, and the 

scram signal appears at the latest. Table 4 lists the 

temperature feedback coefficients of reactivity for 

three cases. Compared to the equilibrium core, in the 

initial core and the running-in phase, due to none or 

less fission production accumulation, as well as large 

amounts of graphite elements in the core, the 

temperature feedback coefficient of reactivity for the 

moderator is negative and with much higher absolute 

value. As thus, the power increment can be inhibited 

effectively. 

 

Table 3: First and second scram time for the accident. 

Case 

No. 

One control rod 

withdrawal 

All control rods 

withdrawal 

T1 T2 T1 T2 

1 40.0 233.3 10.8 191.2 

2 60.0 269.7 3.4 93.2 

3 21.6 206.1 3.6 98.8 

4 13.4 93.3 5.5 62.7 

 
Table 4: Temperature feedback coefficients of 

reactivity (10-5 Δk/k/ºC). 

Case No. fuel moderator reflector 

1 -2.26 -10.35 2.32 

3 -3.01 -5.21 2.38 

4 -4.36 -0.87 1.68 

 
If the first scram signal fails, with the increase of 

the reactor power and fuel temperature, the outlet 

helium temperature of the reactor core, as well as the 

primary pressure, will increase too, as shown in Fig. 

5 and Fig. 6. The accident then can be detected by 

the protection parameter of high hot helium 

temperature. The second scram signal appears much 

later then the first one. But during this period, the 

maximal fuel temperature still stays far below the 

limitation of accident, 1620 ºC, and even below the 

limitation of normal operation, 1200 ºC. The primary 

pressure is also far below the opening value of the 

safety valve. 

 

 
Fig. 5: Core outlet helium temperature during one 

control rod withdrawal accident. 
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Fig. 6: Primary pressure during one control rod 

withdrawal accident. 

 

III.B. All control rods withdrawal accident 

 

As mentioned above, the insertion position, the 

joint movement of all control rods, combined with 

the reactivity introduced by the control rod 

movement, all can be simulated in the two-

dimensional TINTE code. Fig.7 shows the time-

dependent relative fission power during this transient 

process, and the time when the first scram signal 

(high neutron flux) appears is also listed in Table 3. 

With all control rods withdrawal, due to the larger 

reactivity introduction, the peak value of the fission 

power is higher than that in the one control rod 

withdrawal accident, and the scram signal appears 

much early. Because the control rods are withdrawn 

in 300 seconds, during this period, the combined 

influences of positive reactivity introduction, due to 

the control rods withdrawal, and the negative 

reactivity feedback, due to the temperature increase, 

will result in the power fluctuate. It is also indicated 

that, same as the one control rod withdrawal accident, 

the peak value of the fission power in equilibrium 

core is highest. 

 

 
Fig. 7: Relative fission power during all control rods 

withdrawal accident. 

 

It also can be simulated by TINTE code that, 

when all the 6 regulating control rods are withdrawn 

in 5 minutes with uniform speed, in order to keep the 

reactor power constant, how much negative 

reactivity should be introduced to balance the control 

rod’s worth. As shown in Fig.8, the required negative 

reactivity in case 2, as well as in case 3, is larger 

than that in case 1. So despite the larger negative 
temperature feedback coefficient of the reactivity of 

case 2 and case 3, the power increases in these two 

cases are still larger. While for case 1, due to the 

larger negative temperature feedback coefficient of 

the reactivity, as well as the small positive reactivity 

introduced by the control rods withdrawal, the power 

increase is very small. 

 

 
Fig. 8: Negative reactivity to balance the control rod 

worth and keep power constant. 

 

Fig.9 shows the maximal and average fuel 

temperature during the all control rods withdrawal 

accidents. With the larger positive reactivity 

introduction and the larger power increase, the fuel 

temperature is higher than that in one control rod 

withdrawal accident. 

 

 
a) Maximal fuel temperature 

 
b) average fuel temperature 

Fig. 9: Fuel temperature during all control rods 

withdrawal accident. 

 

Fig. 10 and Fig. 11 show the outlet helium 

temperature and the primary pressure during the 
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accidents without considering the reactor protection 

activities, the occurrence time of the second scram 

signal is also listed in Table 4. Even the first scram 

fails, the second scram signal can detect the accident 

before the fuel temperature and primary pressure 

increase to a higher value, so as to prove the safety 

of the reactor core. 

 

 
Fig. 10: Core outlet helium temperature during all 

control rods withdrawal accident. 

 

 
Fig. 11: Primary pressure during all control rods 

withdrawal accident. 

 

III.C. Influence of the reactor scram 

 

Furthermore, to study the influence of the reactor 

scram, as well as to understand the long-term heat-up 

process of the core, all control rods withdrawal 

accident in the running-in phase of case 3, with 

higher peak value of the power density than that of 

the case 1 or 2, has been selected to be analyzed in 

detail, while the same accident in equilibrium core is 

also studied as comparison. 

 

It is also assumed that the first scram signal fails, 

the protective actions described in section 1.3 are 

triggered by the second scram signal and the 

maximal delay time of 8 seconds is considered. 

Fig.12 shows the change of the relative fission power 

with or without the protective action. With the 

insertion of the control rods, the fission power will 

decrease quickly. 

 

 
Fig. 12: Relative fission power with or without the 

protective action. 

 

Fig.13 and Fig.14 show change of the maximal 

fuel temperature and the primary pressure with or 

without the protective action. It can be seen that, 

because the fission power decreases comparatively 

faster than the helium flow rate does, the fuel 

temperature will decrease correspondingly. But soon 

after the Shutdown of blower and close of blower 

flaps, without the forced cooling, the fuel 

temperature will slowly increase due to the decay 

heat. When the second scram signal triggers the 

reactor scram, the protective actions include the 

isolation of the secondary circuit, which means 

closing the feed pump, as well closing the feed water 

isolation valves and the live steam isolation valves. 

Due to the quick isolation of secondary circuit, the 

heat transfer from the primary circuit to the 

secondary circuit is cut down, resulting the increase 

of the primary pressure, as Fig.14 shows. But after 

the shutdown of the blower and close of the blower 

flaps, the pressure head offered by the blower is lost 

and the flow of the helium in primary circuit is cut 

down, so as to weaken the heat transfer from fuel 

element to helium. Thus the primary pressure will 

decrease a little and then begin to very, very slowly 

increase due to the decay heat. 

 

 
Fig. 13: Maximal fuel temperature with or without 

the protective action. 
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Fig. 14: Primary pressure with or without the 

protective action. 

 

III.D. Long-term heat-up of the reactor core 

 

To understand the long-term characteristics of the 

reactor core during the reactivity accident, Fig. 15 

and Fig.16 show the maximal fuel temperature, the 

average fuel temperature and the primary pressure 

after the reactor shutdown by the second scram 

signal for all control rods withdrawal accidents of 

case 3 and case 4. As mentioned above, due to the 

scram and the decrease of the fission power, the fuel 

temperature will decrease correspondingly. Later, 

without the forced cooling of the helium, the decay 

heat only can be carried out by the RCCS very, very 

slowly, so the reactor will be heated up by the decay 

heat and the fuel temperature will increase. Several 

hours later, with the decrease of the decay heat, the 

temperature will again decrease. The change of the 

primary pressure also can be explained as above. But 

due to the loss of the forced cooling, the heat transfer 

from fuel element to the helium is very slow, so the 

time for the helium temperature, as well as the 

helium pressure, to reach the maximum, is later than 

that of the fuel temperature. 

 

 
a) Fuel temperature 

 
b) Primary pressure 

Fig. 15: Long-term characteristic of all control rods 

withdrawal accident (case 3). 

 

 
a) Fuel temperature 

 
b) Primary pressure 

Fig. 16: Long-term characteristic of all control rods 

withdrawal accident (case 4). 

 

Compared to the equilibrium core, the maximal 

power density and the maximal fuel temperature in 

the initial core and the running-in phase are both 

higher. But for the equilibrium core, the decay heat 

after reactor shutdown is much higher, because the 

burnup fraction is higher. So for the peak value of 

the maximal fuel temperature, which appears only 

several hours after the reactor shutdown and mainly 

depends on the power density and fuel temperature 

distribution in normal operation, it is higher in case 3. 

It is about 1261 ºC in case 3 while only about 1165 

ºC in case 4. But for the long-term heat-up process, 

which is mainly dominated by the decay heat, the 

fuel temperature decreases very quickly in case 3, 

with the maximal and average fuel temperature 

below 800 ºC and 600 ºC respectively 100 hours 

later. While in case 4, the maximal and average fuel 
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temperature are still higher than 900 ºC and 700 ºC 

100 hours later. It is same for the primary pressure, 

in case 3, the maximal primary pressure is about 7.5 

MPa, while in case 4, it can reach about 7.7 MPa. It 

also can be found that, in both cases, the fuel 

temperature will keep far below the limitation of 

1620 ºC, and the pressure is less than the opening 

value of the safety valve. The safety of the reactor 

can be proved. 

 

IV. CONCLUSION 

 

On the basis of a certain design of the initial core 

and the running-in phase, one control rod withdrawal 

accident and all control rods withdrawal accident 

have been studied for the selected three typical state 

point, while the same accidents have been analyzed 

for the equilibrium core as comparison. The main 

conclusions include: 

 The control rod withdrawal accident will 

introduce the positive reactivity, so as to 

result in the increase of the fission power, the 

fuel temperature, as well as the helium 

temperature and helium pressure. According 

to the design of protection system of the 

HTR-PM, this kind of accident can be 

detected in time by two independent 

protection parameters, “ high neutron flux” 

and “high hot helium temperature”; 

 Even no protective action considered, the 

power increase can be suppressed by the 

negative temperature feedback coefficient of 

the reactivity; 

 In the initial core and the running-in phase, 

due to none or less fission production 

accumulation, as well as much graphite 

elements in the core, the absolute value of the 

negative temperature feedback coefficient of 

the reactivity is much higher than that of the 

equilibrium core, which is better to alleviate 

the accident consequence; 

 For the initial core and the running-in phase, 

the maximal power density and the maximal 

fuel temperature in normal operation are 

higher, so in the reactivity accident, the peak 

value of the maximal fuel temperature may be 

higher too. But because of the lower burnup 

of the fuel element, the decay heat after 

reactor shutdown is less. So the fuel 

temperature will decrease much more quickly 

in the late heat-up process of the accident, 

and the primary pressure is lower; 

 For the equilibrium core, the maximal power 

density in normal operation is relatively lower, 

so the peak value of the maximal fuel 

temperature is lower in the reactivity accident. 

But because of the higher burnup and as well 

the higher decay heat, the fuel temperature 

may keep in the relative higher value for a 

long time and the primary pressure is higher; 

 Even considering the failure of the first scram 

signal, the fuel temperatures in all accident 

conditions are far below the limitation of 

1620 ºC, and the primary pressure is less than 

the opening value of the safety valve; 

 The analysis results can in some sense prove 

the rationality of this design of the initial core 

and the running-in phase, as well as prove the 

availability of the protection system of the 

HTR-PM. 
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