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Abstract –Decommissioning of the high-temperature gas-cooled reactor-pebble bed 
module (HTR-PM) as a part of the nuclear power plant, is very important during the 
early design stage of the construction, and it is under study and research currently. 
This article gives a thorough description of the current decommissioning study 
status of HTR-PM. Since HTR-PM has its features such as adopting a large amount 
of graphite, the waste inventory and characterization will be quite different from 
other type of reactors, new researches should be carried out and good lessons of 
practices and experiences should be learned from international other reactors, 
especially the AVR. Based on the new international regulations and Chinese laws, a 
comprehensive decommissioning program should be proposed to guarantee the 
HTR-PM will succeed in every stage of the decommissioning, such as defueling, 
decontamination, dismantling, demolition, waste classification and disposal, etc. In 
the meantime, the minimization of the radioactive waste should be taken into 
account during the whole process - before construction, during operation and after 
shut down. In this article, the decommissioning strategy and program conception of 
HTR-PM will be introduced, the radiation protection consideration during the 
decommissioning activities will be discussed, and the research on the activation 
problem of the decommissioning graphite will be introduced. 

 
 

I. INTRODUCTION 
 
Decommissioning of the high-temperature gas-

cooled reactor-pebble bed module (HTR-PM) as a 
part of the nuclear power plant designation, is very 
important during the early design stage of the 
construction, and it is under study and research 
currently. 

Based on the new international regulations and 
Chinese laws [1-2], a comprehensive 
decommissioning program should be proposed to 
guarantee the HTR-PM will succeed in every stage 
of the decommissioning, such as defueling, 
decontamination, dismantling, demolition, waste 
classification and disposal, etc. 

One important work of the HTR-PM 
decommissioning design is compiling the "Chapter 
20 Decommissioning" of "HTR-PM final safety 
analysis report", to assure HTR-PM project get the 
approval of the operating licence. As planned, the 
first draft should be submitted in May, 2015; and the 
final report should be submitted in November, 2015. 

In this paper, the decommissioning strategy and 
program conception of HTR-PM will be introduced, 
the radiation protection consideration during the 
decommissioning activities will be discussed, and 
the research on the activation problem of the 
decommissioning graphite will be introduced. 
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II. DECOMMISSIONING STRATEGY AND 
PROGRAM CONCEPTION 

 
Since the designed lifetime of HTR-PM is 40 

years, the decommissioning activities of HTR-PM 
will begin after 40 years. At that time, the nuclear 
strategy, the nuclear waste disposal policy, the 
decommissioning technology, the development of the 
nuclear facilities at the HTR-PM site, and the 
optimization of the decommissioning program in the 
future situation, are all difficult to avouch by now. 
The final decommissioning program should be 
determined on reality when the service of the reactor 
is terminated. 

There are various technical proposals to realize 
the decommissioning of HTR-PM. It should be 
considered comprehensively to judge which proposal 
is the optimized. Not only the safety and the 
technical practicability, but also the economic cost 
should be considered. In addition, the packaging, 
transport and storage of the radioactive waste should 
also be considered. 

The core of HTR-PM is modular structure. The 
reactor core and vapor generator are "shoulder to 
shoulder" structured pressure vessels. The two 
vessels are connected by hot gas duct. There is no 
other large penetrating duct on the pressure vessels, 
so this kind of structure will be easy to be sealed 
during the decommissioning of HTR-PM. 

Except the material of the pressure vessels is 
steel, the materials of the reactor core are mainly 
graphite and little activated metal materials. There 
are mass of graphite in HTR-PM, so the radioactive 
pollution problem of graphite should be considered. 
Also the radioactivities deposited on the inner face 
of the primary loop are rather big, and most of them 
are deposited on the surface of the vapor generator. 
But these deposited radioactivities have already gone 
deep into the metal lattices with good fixation and no 
easy to disperse into the air. 

Based on the IAEA safety series [3] and the other 
safety guides, before the operating license obtained, 
only the feasibility of the decommissioning program 
should be studied. 

Based on the decommissioning program of Fort 
St. Vrain HTGR with thermal power of 842MW, 
Peach Bottom HTGR with thermal power of 110 
MW and the AVR, there are two kinds of 
decommissioning program for HTR-PM [4]: 

(1) Begin the overall decommissioning activities 
soon after the HTR-PM permanently shutting down. 
That is the DECON program; 

(2) After the HTR-PM permanently shutting 
down, leave the nuclear facility at a safe and stable 
condition, do the decontamination and disassembly 
works after a time, only remove the fuels from the 
reactor. That is the SAFSTOR program. 

For the HTR-PM, the decommissioning program 
combining DECON and SAFSTOR is adopted as a 
first choice. That is, soon after the reactor 
permanently shutting down, firstly removes the fuel 
elements from the core, loading them into the special 
designed and manufactured stainless steel containers, 
and sealed store the containers. At the same time, 
remove the waste produced during the reactor 
running, so all the nuclear facilities will be at a safe 
and stable condition. Then conduct the necessary 
maintenances and inspections. About 5 to 7 years 
later, carry out the overall decommissioning. 

Following concerns are for the decommissioning 
program of HTR-PM: 

 (1) In the end of the reactor operating lifetime, 
firstly the fuel elements should be removed from the 
core. Then after an enough cooling time, the fuel 
elements and other spent fuels stored in the spent 
fuels temp depository should be transported to the 
national nuclear waste disposal site to be disposed or 
stored. 

 (2) All the movable contaminated and activated 
materials should be move away. All the radioactive 
wastes such as waste water, solid waste, filter of the 
He purification system, waste resin and so on, should 
be move away. All the removed waste should be sent 
to the local permanent waste repository. 

 (3) The rest of the facilities should be 
decontaminated properly based on the necessity and 
possibility, in order to reduce the remaining 
radioactive sources, and reduce the radiation 
exposure to the public and workers from the 
decommissioning activities. 

 (4) Seal the whole nuclear facility to guarantee 
the containers and the buildings containing 
radioactive materials will be in a state of security and 
sealed. 

After finishing above items, the first stage of the 
HTR-PM decommissioning is completed. For the 
next stage of the decommissioning work, it will be 
depended on the future state. 

Figure 1 shows the main items and the 
conduction sequences of the whole decommissioning 
activities. 

Figure 2 lists the disposal procedures for the 
produced waste. 

 
III. RADIATION PROTECTION IN THE 
DECOMMISSIONING OF HTR-PM 

 
To guarantee the safety during the 

decommissioning activities, following radiation 
protection methods will be adopted: 

(1) Develop a very detailed plan; 
(2) Give workers in charge of different tasks 

professional trainings; 
(3) Monitor the personal doses and the ambient 

dose rates; make sure the properties and the 
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intensities of every source everywhere, and the 
situation of radioactive influence; 

(4) In order to reduce the radioactive dose rates 
as low as possible, the decontamination measures 
will be adopted in some places, and also movable 
shielding wall or other shielding facilities will be 
utilized; 

(5) For all of the accessories disassembled from 
the facilities, their radioactive types and intensities 
should be clear, then be packed up strictly. 

All of the decommissioning activities should be 
considered according to the ALARA principle, and 
satisfy the limits regulated by the safety management 
authorities. Before the implementing of the 
decommissioning activities, it will be demonstrated 
that the “defense in depth” principle is considered 
for the harm of the radioactivity. 

All of the decommissioning works will be 
implemented after approved by the authorities 
concerned and under their supervisions. At the 
meantime of submitting the application of the 
decommissioning activities, the corresponding safety 
analysis report and the environmental impact report 
should also be submitted. 

 
IV. ACTIVATION PROBLEM OF THE 
DECOMMISSIONING GRAPHITE 

 
In the HTR-PM, lots of graphites are adopted as 

the moderator, the matrix of the fuel elements, the 
reflecting layers and the internals. Amount of 
graphite waste will be produced during the 
decommissioning stage of the HTR-PM. Therefore, 
the activation problem of the decommissioning 
graphite is important to be considered. 

Based on the American National Standard ASTM 
D7219[5], the impurities listed in Table 1 will give 
important effects to the activation of the graphites. 

Such as: the active isotope Cl-36 is a gamma 
emitter with extremely long half-life of 301 thousand 
years; the active isotope Co-60 is also a strong 
gamma emitter with the long half-life of 5.3 years; Li 
is the primary source of tritium which is a beta 
emitter; Ni is also a source of Co-60; and N is the 
primary source of C-14, which is a beta emitter with 
long half-life of 5730 years. 

Based on the handbook[6], the activation 
problem of the graphite impurities listed in table 1 
were analyzed in this paper. The activated 
radionuclides may be produced were considered and 
listed in Table 2. The reaction cross sections and the 
half-life of the activated radionuclides are also listed 
in Table 2. 

In the future work, we will pay more attention to 
the impurity content in the nuclear graphites, and 
measure the actual impurity content after the 
graphite materials are produced. So the measurement 

results can be used for the designation and the 
assessment of the graphites decommissioning 
program. 

 
V. CONCLUSION 

 
This paper has introduced the current 

decommissioning strategy and program conception 
of HTR-PM in detail, discussed the radiation 
protection consideration during the decommissioning 
activities, and studied the activation problem of the 
impurities in the decommissioning graphite. Based 
on the handbook[], the activated radionuclides may 
be produced from the graphite impurities were 
summarized. In the future work, the impurity content 
in the nuclear graphites will be pay more attention, 
and the actual impurity content will be measured. 
The measurement results will be used for the 
designation and the assessment of the graphites 
decommissioning program. Finally, we hope the 
decommissioning work of HTR-PM can develop a 
more wide international cooperation, and learn the 
advanced international experiences. 
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Fig.1 the main items and the conduction sequences of the whole decommissioning activities 
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Fig.2 the disposal procedures for the produced waste 

 
Number Name Symbol Atomic number 
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11 Nickel Ni 28 
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12 Nitrogen N 7 
13 Scandium Sc 21 
14 Silver Ag 47 
15 Tantalum Ta 73 
16 Terbium Tb 65 
17 Thorium Th 90 
18 Uranium U 92 
19 Dysprosium Dy 66 

Table 1 Activation relevant impurities for the nuclear graphites 
 

 abundance cross section (b) activated radionuclides half-life of the 
activated radionuclides 

Li-6 7.59% 941 H-3 12.33a 
Li-7 92.41% 0.0454 Li-8 838ms 
N-14 99.63% 1.83 C-14 5730a 
N-15 0.37% 0.000024 N-16 7.13s 

Cl-35 75.77% 
43.55 Cl-36 301000a 
0.489 S-35 87.38d 
0.08 P-32 14.262d 

Cl-37 24.23% 0.43 Cl-38 37.24m 

Sc-45 100.00% 
17.4 Sc-46 83.79d 
9.8 Sc-46m 18.75s 

Fe-54 5.80% 2.25 Fe-55 2.7a 

Fe-54m 5.80% 
0.1 Cr-51 27.7d 

0.38 Mn-54 312.13d 
Fe-56m 91.80% 0.114 Mn-56 2.579h 
Fe-58 0.29% 1.14 Fe-59 45.1d 

Ni-58 68.30% 
4.6 Ni-59 7.5E4 a 

0.00068 Fe-55 2.7a 
Ni-60 26.10% 0.13 Co-60 5.269a 
Ni-62 3.59% 14.2 Ni-63 100a 
Ni-64 0.91% 1.49 Ni-65 2.52h 

Co-59 100.00% 
37 Co-60 5.269a 
19 Co-60m 10.47min 

Mo-92 14.80% 
0.3 Mo-93 3.5e3 a 

0.006 Mo-93m 6.9h 
Mo-98 24.10% 0.13 Mo-99 2.75d 

Mo-100 9.60% 0.2 Mo-101 14.6min 
Ag-107 51.84% 37.6 Ag-108 2.37m,418a 

Ag-109 48.16% 
86 Ag-110 249.78d 
4.7 Ag-110m 24.6s 

Cd-106 1.25% 1 Cd-107 6.5h 
Cd-108 0.89% 0.72 Cd-109 461.4d 
Cd-110 12.90% 11.14 Cd-111 48.3m 
Cd-112 24.13% 2.2 Cd-113 14.1a 
Cd-114 28.73% 0.036 Cd-115 53.46h 
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0.3 Cd-115m 44.56d 

Cd-116 7.49% 
0.05 Cd-117 2.49h 

0.025 Cd-117m 3.36h 
Sb-121 57.30% 6.1 Sb-122 2.7d 

Sb-123 42.70% 
4.28 Sb-124 60.2d 
0.011 Sb-124m 20.2min 

Cs-133 100.00% 30.3 Cs-134 2.0648a 

Eu-151 47.81% 
5900 Eu-152 13.525a 
3300 Eu-152m1 9.3116h 

4 Eu-152m2 96m 
Eu-153 52.19% 312 Eu-154 8.593a,46.3m 

Gd-152 0.20% 
735 Gd-153 240.4d 

0.007 62-Sm-149 >2e15a 
Gd-154 2.18% 85 Gd-155 31.97ms 
Gd-156 20.47% 1.8 Gd-157 18.5μs 
Gd-158 24.84% 2.2 Gd-159 18.479h 
Gd-160 21.86% 1.4 Gd-161 3.66m 
Tb-159 100.00% 23.3 Tb-160 72.3d 
Dy-156 0.06% 33 Dy-157 8.14h 
Dy-158 0.10% 43 Dy-159 122μs 

Dy-164 28.18% 
1040 Dy-165 1.257m 
1610 Dy-165m 2.334h 

Ta-181 99.99% 20.5 Ta-182 114.43d，15.84m 

Th-232 100.00% 
7.35 Th-233 22.3m 

2.50E-06 fission product  

Th-234 natural exist with half-
life 24.1d 

1.8 Th-235 7.1m 

0.01 fission product  

U-235 0.72% 
98.3 U-236 2.3e7a，120ns 

582.6 fission product  
680.9 90-Th-232 1.4e10a 

U-238 99.27% 
2.68 U-239 23.45m 

4.00E-06 fission product  
1.30E-06 90-Th-235 7.1m 

Table 2 Activated productions analysis of the impurities in graphites 
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