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AbstractAbstractAbstract

Abstract

: The emergency threat categorization method suggested by international atomic engergy
agency (IAEA) and hazard categorization standard by the Department of Energy of United States
(USDOE) for nuclear facilities are compared and discussed in this paper. The research shows the
two types of categorization method for nuclear facility are similar, though each has its own
speciality. The categorization method suggested by IAEA is quite completed and sound in
scientific basis. The thresholds of radioactive material are connected with the quantity of
dangerous source, and the latest radiobiological effect research results are taken in setting the
thresholds. While the main purpose is put on emergency management, some of the categorization
criteria do not fit for safety surveillance of nuclear facilities. The categorization method of DOE is
advanced in its operability, and it fits for safety surveillance. The disadvantage is that the
thresholds of radioactive material need to be updated because the parameters used in calculation is
outdated, and also the threshold of category 3 is somewhat disputable for many reasons. We
should take advantage of both methods and adjust the standards according to the application
purpose while establishing the categorization standard of nuclear facilities in China.
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IntroductionIntroductionIntroduction

Introduction

Nuclear facility categorization is one of technical basis of safety supervision. Once the
threat(hazard) category is defined, safety supervision and emergency preparedness could be
carried out accordingly.
There are two main threat (hazard) categorization methods. One is introduced in USDOE standard
Hazard categorization and Accident Analysis Techniques for Compliance with DOE Order
5480.23, Nuclear Safety Analysis Reports, The other is in the requirement of IAEA publication
GS-R-2. There are some differences in these two methods, and different terms are used which are
threat for IAEA, hazard for DOE. But these two methods are both made for nulcear facility
categorization. The two categorization methods are going to be compared and the suggestions on
how to define nuclear facility hazard category in China will be given in this paper.
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2.1 Introduction of emergency threat categories suggested by IAEA
Five types of categories are suggested according to the threat of nuclear and radiological facilities
in IAEA. Threat category I , II and III represents decreasing levels of threat at major facilities and
therefore correspond to decreasing stringency of requirements for emergency preparedness and
response. Summary of threat categorization method of IAEA for major facilities is given in table 1.
Category IV and V are more linked with nuclear activities rather than nuclear facilities.



Table 1 Summary of threat categorization method by IAEA for major facilities

1) If 10% of the inventory is assumed to be released to the atmosphere, for threat category I,II,III
facility, emergencies have been postulated that could result in severe deterministic health effects
off site, result in doses warranting taking urgent protective action off site,or doses warranting
taking urgent protective action on site respectively.

2.2 Categorization criteria
2.2.1 Radioactive material inventory threshold
The radioactive material threshold in a facility are 10000D2, 100D2 and 0.01D2. Maybe because
there are some uncertainty and professional judgment, IAEA does not explain how the threshold
difference comes. However the two orders of magnitude radioactive material difference between
Category I and II are commensurate with the difference between reference dose level of severe
deterministic health effect with reference level of urgent protection action. The inventory of
category III facilities 0.01D2 is the lower limit of unlikely to be dangerous source. This amount of
dispersible radioactive material may cause accident warranting cleanup soon.
2.2.2 Origin of D2
D2 is a very important parameter in radioactive material threshold criteria, and D2 is the
dangerous quantity of radioactive materials which may cause permanent injury or could possibly
be lethal. Inhalation and skin contact are the main pathway which cause health effect at most
situation. But there are 10 nuclides which threshold is given on one of tenth of the quantity of
nuclear fissile material II, in the consideration of nuclear safeguard.

Threat
Category

Highest
emergency

class

EPZs
required

Criteria Safety
analysisDispersible

material
inventory 1)

Spent fuel Reactor
thermal
power

Potential
criticality
accident

I Off-site
emergency

Precaution
action zone
and urgent
protection
zone

required

>10000D2 contain
some
recently
discharged
fuel and a
total of
more than
about 0.1
EBq of
137Cs

>100MW - Probabilistic
safety
analysis
(PSA)

II Off-site
emergency

Urgent
protection
zone

required

>100D2 Contain fuel
requiring
active
cooling

<100MW
and

>2MW

Potential for
an

uncontrolled
criticality on-
site within
0.5km from
the off-site
boundary

Not
necessarily

PSA

III On-site
emergency

- >0.01D2 - <2MW Potential for
an

uncontrolled
criticality on-
site over

0.5km from
the off-site
boundary

Not
necessarily

PSA



2.2.3 Threshold for reactor thermal power, criticality threat and accident external dose rate
The threshold of reactor thermal power is given according to the core melt accident result. Usually
it is considered that core melt accident would not happen in reactor under 2MW(category III), and
there is no need for off site emergency response. IAEA also points out that the category should be
judged by actual situation for research reactor, because the big difference with power reactor,
The distance between accident place with site boundary is another criterion of nuclear threat
category. When the distance is less that 500m， it is category II. If more than 500m, category III it
is. The assumption for the accident is: the criticality cause 10mSv in 300m in the accident with a
total 1×1019 fissions.
If the dose rate could approach 100mGy/h at 1 m if lost shielding, it is category III facility. IAEA
does not give explanation to this criterion. We could calculate that the dose to workers may
approach to several decades of mSv in more than ten minutes, and it warrant urgent protection
action.
The Above criteria are given by the radiation consequences of the most severe accidents, which are
commensurate with the criteria of radioactive material thresholds.
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3.1 Introduction of USDOE nuclear facility hazard categorization method
Hazard categorization and accident analysis techniques for compliance with USDOE order
5480.23, nuclear safety analysis reports is a standard issued by USDOE which introduces the
hazard categorization method of USDOE. In which four categories of facility were defined:
Hazard Category 1: Hazard Analysis shows the potential for significant off-site consequences,
which include Category A reactors (steady-state power level greater than 20MWth and facilities
designated by Program Secretarial Officers (PSO).
Hazard Category 2: Hazard Analysis shows the potential for significant on-site consequences.
Facilities with the potential for nuclear criticality events or with sufficient quantities of hazardous
material and energy, which would require on-site emergency planning activities.
Hazard Category 3: HazardAnalysis shows the potential for significant but localized consequences.
Facilities with quantities of hazardous radioactive materials, which meet or exceed the Category 3
threshold. Usually it includes laboratory, low level radioactive waste storage facility etc.
Facilities that do not meet or exceed Category 3 threshold criteria but still possess some amount of
radioactive material (which is called report quantity) may be considered as Radiological Facilities.
Report quantity (RQ) is the radioactive quantity given by Environment Protection Agency (EPA)
RQ is the amount of radioactive material which may cause 5mSv dose at 30 m downwind in an
accident.
3.2 Origin of the threshold of DOE hazard category
3.2.1 Radioactive material Threshold
According to the principle and method explained in 3.1, DOE calculated the threshold of
radioactive material for category 2 and category 3, but not category 1. The threshold of category 2
is calculated under following assumption: The radioactive material release to environment without
moderate measures, the dose approaches to 10mSv(including inhalation and immersion) in the
accident, through DOE claimed the dose is at 100m downwind , Actually the dispersion coefficient
used in calculation is the value at 300m downwind under average climate condition.
DOE claimed the threshold for category 3 is gotten under similar condition with category 2, but



dose threshold is 100mSv at 30m downwind for the purpose of protecting emergency workers.
Actually DOE did not calculate the threshold by themself, in stead, the value from EPA RQ was
taken with some modification. Four pathways were considered in the calculation of EPA, including
external exposure, ingestion, inhalation, drinking. The climate condition and some of the aerosol
release factor are different with the assumption for calculating category 2 threshold of DOE.
3.2.2 Threshold of reactor power and criticality hazard
The reactor power level threshold for category 1 is over 20MW. Once there is possibility for
criticality, facility should be above category 2. The threshold works with radioactive material
threshold, the category will be whatever greater.
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4.1 Comparison of radioactive material thresholds
Radioactive material threshold of IAEA category II is close to that of USDOE category 2. But the
thresholds of category III are lower than USDOE category 3 thresholds in the whole. The accident
scenario and the parameter used for calculating threshold of IAEA and USDOE are given bellow.



Table 2 Comparison of parameters in calculating radioactive material threshold and accident
consequence thresholds of IAEA and USDOE

4.2 Comparison of reactor power and criticality safety categorization criteria
The categorization method of IAEA and USDOE are simillar in reactor power level and criticality
safety. The criteria are listed in table 3. USDOE applies more strict safety surveillance in facilities
with potential of criticality, no matter the distance between accidents with site boundary is less or
more than 500m. If high level of the safety measure and inherent safety feature moderate the
accident consequence is smaller, then the emergency requirement could be somewhat simplified,
though the safety measures and safety feature still need to be supervised.

Category Items IAEA USDOE Comment
1(I) Threshold of

accident
consequence

Severe deterministic health
effect caused by radiation at

the site boundary

potential for
significant off-site
consequence

The criteria from
IAEA are in detail and
clearly given; The

criteria of USDOE are
much flexible.

Radioactive
material release
factor and intake

factor

Inhalation pathway: inhalation
factor 1×10-4

Ingestion pathway：ingestion
factor 1×10-5

Skin contamination：dispersion
factor:1×10-2

Immersion: release factor:1

No detail parameters.

2(II) Threshold of
accident

consequence

According to the radioactive
material threshold, it implies
that the dose is about several
mSv for exposed person on site

boundary.

The dose is about
10mSv for exposed
person at 300m
downwind.

The Radioactive
material Thresholds of
IAEA and USDOE for
category 2(II) are

close.
Radioactive

material release
factor and intake

factor

Same as category 1(I) Dispersion
coefficient:1×10-

4s/m3

Different release
factor for different
nuclides, such as: 1,
0.01, and 0.001.
Inhalation and

immersion pathway
considered.

3(III) Threshold of
accident

consequence

Workers dose in the vicinity
may approach to several

decades of mSv and need to
take urgent protection action

Total effective dose
equivalent 100mSv at

30m downwind

Radioactive material
Threshold of USDOE
is lower than that from
IAEA in the whole
Accident scenario of
IAEA compliance

with reality more than
USDOE.

Radioactive
material release
factor and intake

factor

Same as category 1(I) Dispersion
coefficient: 7.2×10-2

s/m3

Different release
factor for different
nuclides, but some
are different as
category 2.
Inhalation,

immersion, external
exposure and

ingestion pathway
considered.



Table3 Comparison of reactor thermal power threshold and criticality criteria of IAEA and
USDOE
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The categorization method of IAEA and DOE is similar, while the thresholds are different for
many reasons. The reactor power category threshold and criticality potentiality of DOE is more
strict than that of IAEA, despite the different application of categorization result. The radioactive
material threshold of category 2 is close to category II of IAEA roughly, but the threshold of
category 3 of DOE is lower for one or two order.
The main advantages of IAEA categorization method are:
（1）The categorization criteria of IAEA is complete and clear. Compared to DOE, IAEA gives the
radioactive material thresholds and spent fuel radioactive material thresholds of category I,
external exposure rate of category III nuclear facility. Nuclear fissile material safeguard is also
considered.
（2）The process of calculating the threshold is clear. The new research result of radiobiological
effect and historical experience of radiation source accident were taken in use in the calculation.
The main advantages of USDOE categorization method are:
(1)There is some flexibility in the categorization method of USDOE. There is no certain
radioactive material threshold for category 1 facility. The decision would be made by management
department. Usually the number of category 1 nuclear facilities is much less than the number of
category 2 nuclear facilities. In USDOE, The competent authority could judge the category 1
facility case by case if necessary. This could avoid too much resource spent on safety. And also the
diversity of research reactor and nuclear fuel cycle needs this kind of flexibility.
(2) There are quite a few application experiences on categorization. The categorization work is
mainly the responsibility of the licensee. Licensee needs to submit hazards analysis report for
approval by DOE. The licensee could adjust the category threshold through adjusting release factor,
installation segmentation etc. It is a bit complex. But this also assures the categorization
commensurate with the actual hazards of facility and save the resources for safety.
(3) DOE categorization method fits for safety surveillance. For high hazard level and complex
facility, the surveillance level is also high. Such as for facilities with potential of criticality, no
matter how far the accident place to the site boundary, it still need category 2 level of safety
surveillance.
The limitation of DOE categorization method shows:

Item Category IAEA USDOE comment
Threshold of reactor

power level
1(I) >100 MW >20 MW DOE threshold is smaller

than IAEA. But it is difficult
to judge USDOE threshold
for the diversity of reactor

types.

2(II) 2~100 MW 0~20 MW

Threshold of
criticality safety

2(II) Distance between
accident place with
site boundary over

500m

Potential to criticality
accident

IAEA define the threshold
from accident consequence,
while USDOE considers the
criticality safety management
and define the threshold from
the hazard and complexity of

facilities.

3(III) Distance between
accident place with

site boundary
within 500m

No need to control
criticality accident
through process and

operation



(1)Considering the link with RQ of EPA and the threshold of category 2, the radioactive material
threshold for category 3 is reluctant. The threshold for category 3 is 20 times of RQ, but there are
two to four orders to threshold for category 2 (according to different nuclides and different
exposure ways considered in the calculation). Also there is some opinion that the accident scenario
for category 3 is lack of reality, Such as considering ingestion pathway and point source
atmosphere release model, which makes the category 3 threshold not reasonable enough.
(2)Some of the parameters in calculation of radioactive material threshold are out of date. The dose
coefficient used in calculation is from ICRP 30.
(3)There are some confusion in adjusting threshold in the process of hazard categorization because
of different release factor for category 2 and category 3 were used in DOE.
Both categorization method of DOE and IAEA are applicable. But to apply the method of DOE,
revision is needed. Especially new dose coefficient shold be taken and the radioactive material
threshold for category 3 should be reset. The threshold for category 3 could be lower than DOE
because there is no RQ in the regulations in China.
We would take the advantages of IAEA and DOE categorization method to make our own standard.
At the same time consistency of category basis must be kept. For the purpose of safety surveillance,
IAEA system could be taken with revision of criteria for category I considering flexibility and
diversity of nuclear facility. The criticality accident potentiality threshold for category II and III
shold also be revised. For nuclear emergency response arrangement of civil facility, IAEA
categorization method is sound enough.
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