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Abstract - There is a clear consensus that the severe accident corresponds to the core damage accident for 
power reactors. On the other hand, for FCFs, there is no clear consensus on what is the accident to assess 
the safety in the region of beyond design basis, or what is the accident which has very low probability but 
large consequence.  

The need to examine a bounding consequence of each type of accident is explained to advance the 
rationality of safety management and regulation and, as a result, to reinforce the safety of a reprocessing 
plant. The likelihood of occurrence of an accident causing a bounding consequence should correspond to 
that of a severe accident at a nuclear power plant. The bounding consequence will be derived using the 
deterministic method and sound engineering judgment supplemented by the probabilistic method. Once an 
agreement on such a concept is reached among regulators, operators and related experts it will help to 
provide a solid basis to ensure the safety of a reprocessing plant independent of that of a nuclear power 
plant. 

In this paper, we show a preliminary risk profile of RRP calculated by QSA (Quantitative Safety 
Assessment) which JNFL developed. The profile shows that bounding consequences of various accidents 
in a range of occurrence frequency corresponding to a severe accident at a nuclear power plant. And we 
find that the bounding consequence of high-level liquid waste boiling is the largest among all in this range. 
Therefore, the risk of this event is shown in this paper as an example. 

To build a common consensus about bounding accidents among concerned parties will encourage 
regulatory body to introduce such an idea for more effective regulation with scientific rationality. 
Additionally the study of bounding accidents can contribute to substantial development for accident 
management strategy as reprocessing operators. 
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I. PURPOSE 

In a nuclear power plant (NPP), safety-related structure, system, components, and management measures, 
providing defense in depth, are incorporated to prevent a severe accident, that is a core damage accident 
and the subsequent large release of radioactive material. The definition of the severe accident is clear, and 
its make-up has been thoroughly studied and then well understood among the concerned professionals. 

In a reprocessing plant, various types of accident such as boiling due to decay heat, hydrogen explosion, 
solvent fire, nuclear criticality, leakage, and like are postulated. Numerous safety measures have been 
identified for preventing and mitigating such accidents, and so many obligations, such as strict quality 
assurance, configuration management and audits are added to ensure continuing their high reliability. 

However, the consequences of individual accidents with the same level of likelihood of occurrence as that 
of the severe accident do not appear to have been sufficiently examined. (Hereinafter such a consequence 
is referred to as a “bounding consequence”.) If such an examination is not sufficient, the same level of 
requirements as those for NPPs is apt to be applied. Those requirements will be sufficient, even if not 
deemed necessary, since the bounding consequences should be inherently much smaller than those of 
severe accident. 

In order to rationalize and, as a result, to reinforce the safety management and regulation, it is necessary to 
clarify the difference of the safety features between an NPP and a reprocessing plant. An examination of 
the bounding consequences of individual accidents and to identify bounding accidents should be helpful 
for this purpose. 

The definition of the bounding consequence and the bounding accident will be given below with examples. 

II. EXPLANATION OF THE BOUNDING CONSEQUENCE 

(1) General safety features 

(a) Modern commercial plant 

The safety of a modern commercial plant has been improved greatly over the 50-years of experience with 
PULEX plants around the world. The state-of-the-art plant is an object of this present examination.  

(b) Process shutdown to the safety state 

 Most abnormal events, which are caused by some process deviation or some control failure and which 
may escalated subsequently to accidents, can be guided to the safe state by manually or automatically 
stopping the process operation. Boiling accidents and radiolytically produced H2 explosions are exceptions 
that require the continuous cooling and sweeping operations, respectively, because they are caused by the 
decay of radioactive material. These accidents resemble a LOCA at an NPP and are considered to cause 
greater consequences than many other accidents. However, reprocessing spent fuel are cooled for several 
years, for more than 4 years at the Rokkasho plant, for example, so the decay heat decrease to 2.7W per kg 
of spent fuel. Therefore, escalation of the initiating events in these accidents is slow and an operator can 
implement safety measures with a sufficient time margin, as is shown in chapter III. 

(c) Slow escalation of an accident 

 Most initiating events escalate slowly to an accident. Even after an accident occurs, the consequence also 
escalates slowly in most cases. Example is shown in chapter III. Accordingly, the reliability of operator’s 
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actions not only for preventing an accident, but also mitigating the consequences will be much higher than 
that in a NPP owing to this time margin. 

(d) Confinement for mitigating the consequence 

 The following confinement (see Fig.1), as opposed to the containment of an NPP, is the basis of the safety 
design in a reprocessing plant. 

Reduced pressure control from the atmosphere, building, cell, and vessel in that order using the individual 
ventilation system 

Reduction of radioactive aerosols in ventilation air through high efficiency particulate air (HEPA) filters 
installed in the individual ventilation systems and the subsequent release from a high stack 

Figure 1. Confinement structure of a reprocessing plant 

 

 

 

 

 

 

 

 

 

 

 

 

(2) Definition of the bounding consequence 

The bounding consequence is different from the all uncontrolled and unmitigated consequence of an 
accident. The latter unmitigated consequence is determined without taken any safety measures into 
consideration, regardless of their reliability. On the other hand, the bounding consequence relies on highly 
reliable measures, which may include passive robust system, some operator actions and so on. As 
mentioned above, the reliability of operator actions will be quite high if there is a sufficient margin of time 
for an operator to correct his error. 

The bounding consequence used here has a likelihood corresponding to that of the severe accident. 
Although it should be derived by the deterministic method and sound engineering judgment, the PRA 
result with respect to the frequency of occurrence is very helpful.  
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Although various types of accidents have to be assessed using PRA, the accident scenarios are very simple 
compared to those of the severe accident. For this reason, we had developed QSA and refer to the 
frequency of occurrence derived from QSA in this study. 

III. EXAMPLES OF BOUNDING CONSEQUENCE 

The below examples are provided to clarify the concept of the bounding consequence. The safety measures 
used here are nearly the same as those of the Rokkasho plant. 

Safe storage of high-level liquid waste (HLLW) in tanks is one of the most important safety issues in a 
reprocessing plant, because most radioactive materials in solution are present in those tanks. Such tanks are 
used as buffers before HLLW is vitrified. If the cooling function of the tank is lost completely, the solution 
will begin to boil due to the decay heat of radioactive material, and radioactive aerosols in the steam will 
be discharged into the environment, since a large amount of steam will damage the HEPA filter. Due to the 
consequence importance of safety, PRAs were performed in the UK[1], France[2] and Japan[3] to confirm the 
adequacy of the design of the cooling system. 

(1) Safety measures 

It is assumed that two tanks and one spare tank (120m3 capacity per tank) are installed. The decay heat of 
HLLW is 5kW/m3 which was calculated assuming a 45,000MWd/t burn-up, 6-year cooling on average and 
0.4m3 HLLW/(t of spent fuel). In the event of a total cooling-loss, the HLLW would boil after 15 hours. 

The cooling system is shown schematically in Fig.2, which is composed of two independent external 
cooling lines A and B, and two independent internal cooling lines a and b. Two pumps are installed in each 
cooling line, one running and the other on standby. Those lines A-a and B-b are connected to two 
independent electric power supply lines A and B, each with its respective backup diesel generator (DG). 
Each line has 100% cooling capacity. 

Figure 2. Model cooling system of HLLW tank 
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(a) Cooling in normal operation 

Although only one line A-A-a or B-B-b is sufficient to maintain safety, both lines are working. 

(b) Cooling in an emergency 

In the event that two internal pumps (one running and the other on stand-by) should fail, external cooling 
water can be introduced into a corresponding internal line bypassing the heat exchanger through manual 
valve operation. 

In the event that an internal line (pump failure or leakage) should fail, the HLLW can be transferred by 
means of a steam-jet pump to a spare tank with independent internal lines. 

If the function of two-lines is lost, and at least one internal line has no leakage, cooling water from the 
cooling system for the spent fuel storage pool can be introduced into the internal line. The pool cooling 
system also has two independent lines, each with 100% cooling capacity, and is independent from the 
HLLW cooling system. 

(2) Accident scenario 

The initiating event is a stoppage of normal operation. Since two lines are working in normal operation, 
two or more failures are necessary to cause the initiating event. In the event of the failure of all the 
effective emergency measures described above subsequent to the initiating event, a total cooling loss 
occurs. 

(3) Calculation of the occurrence frequency 

 The failure rates relating to components such as the electric power supply, pump, instrumentation and 
control, and human reliability used in our PRAs are primarily taken from those prepared for American 
NPPs, where the types of components and working environments resemble one another. Some parameters 
were based on the operational experience of the Sellafield and Tokai reprocessing plant. 

The frequency of the total cooling loss was calculated as 5 x 10-8/y. Example is shown in chapter IV.  

(4) Derivation of the bounding consequence 

On the assumption of the continuation period of boiling of the two tanks (240m3) for 24 hours, the 
effective dose for the nearest offsite public is obtained as 30mSv based on the five factor formula[4] and 
Gaussian plume model with the following parameters. 

 a) MAR x DR = 1m3 HLLW per 1 hour boiling (600kW) 

 b) ARF = 10-4 

 c) LPF = 1 (although LPF for the ventilation duct without HEPA filter is reported[2] as 4 x 10-2) 

 d) RF = 1 (conservative value) 

 e) Relative concentration X/Q (for 24 hours) = 5.8 x 10-7 (s/m3) at 97% 
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   meteorology at the Rokkasho plant with a 150 m stack 

IV. QUANTITATIVE SAFETY ASSESSMENT (QSA) 

Based on the FTA results of utility facilities, etc. obtained from detailed PRA, a QSA method, which can 
systematically evaluate the risks of various accidents that are postulated at the reprocessing plant 
(Hereinafter such a evaluated risk distribution is referred to as a “risk profile”.) and the importance of 
systems, components and human action, has been developed. 

(1) Outline of QSA[5] 

QSA is possible to use the MS Excel sheet for the evaluation of simplified PRA. The formulas 
corresponding FTA are inputted beforehand in the Excel sheet. Therefore, an analyst could evaluate only 
by adding design information related to initiating events and safety functions. Thus, this method provides 
high consistency throughout all assessment works of more than six hundreds events. It consist of several 
MS Excel sheets as working sheets, (a) Safety function/System Matrix sheet, (b) Utilities/Systems 
datasheet, (c) Consequence evaluation sheet, and as output sheets, (d) Event tree display sheet for each 
event, (e) Consequence evaluation result display sheet for each event, (f) Importance evaluation result 
display sheet for each event (g) Risk of all events display sheet, (h) Importance related to risk of 
reprocessing plant. 

First of all, accident sequences and safety functions should be identified. Afterward, systems, components, 
and human action related to safety functions are identified from the design and operation information. As 
thus far explain, there is no difference from detailed PRA procedure. Design and operation information 
used for reliability analysis is summarized in (a) Safety function/System Matrix sheet. Analyst inputs 
prescribed failure rates for system, component and human action related to initiating events and safety 
function into the (a) Matrix selecting from a list “Database of system, component and human action” that 
have been set conservatively based on the published documents (IEEE-std 500, NUREG-1363, etc.). 
Human error rate was determined based on detailed PRA. In case of a redundant system such as blowers, 
analyst enters the operating information such as component type, redundancy, maintenance period and test 
interval, and so on into (b) Utilities/Systems datasheet in order to calculate the system’s unavailability. The 
calculated result is entered into (a) Safety function/System Matrix. 

Unavailability of such support systems as utilities, which related to many events, has been set in (a) Safety 
function/System Matrix sheet beforehand, with simplified fault tree equation based on detailed PRA 
results. The other information such as time margin to accident occurrence from initiating event, relation of 
initiating events and detection should be entered in (a) Safety function/System Matrix sheet. Finally by 
running macro program of it, calculated result is automatically shown in form of event tree in (d) Event 
tree display sheet. 

Occurrence frequency, consequence and risk of all accidents is summarized in (g) Risk of all events 
display sheet by accumulating QSA for all events. Total risk of reprocessing plant and risk profile will be 
obtained from this spreadsheet. 
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Figure 3. Flow chart of QSA procedure 
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Ru/Rh 1.48E+10 1.00E+00 1.00E-04 1.00E-03 1.48E+03 1.30E-06 2.12E-11 1.87E-12
Cs/Ba 2.84E+09 1.00E-04 1.00E-03 2.84E+02 3.52E-13 8.84E-13
その他FP 2.50E+09 1.00E-04 1.00E-03 2.50E+02 6.92E-12 1.87E-13
Pu 6.59E+15 1.00E-04 1.00E-03 6.59E+08 1.96E-02 3.94E-09
Am/Cm 0.00E+00 1.00E-04 1.00E-03 0.00E+00 0.00E+00 0.00E+00
U 7.14E+07 1.00E-04 1.00E-03 7.14E+00 3.00E-11 1.17E-14
Np 1.07E+07 1.00E-04 1.00E-03 1.07E+00 1.06E-11 7.68E-14
Ru/Rh 1.48E+10 1.00E+00 1.00E-04 1.00E-02 1.48E+04 7.00E-05 1.14E-08 1.01E-09
Cs/Ba 2.84E+09 1.00E-04 1.00E-02 2.84E+03 1.90E-10 4.76E-10
その他FP 2.50E+09 1.00E-04 1.00E-02 2.50E+03 3.73E-09 1.01E-10
Pu 6.59E+15 1.00E-04 1.00E-02 6.59E+09 1.06E+01 2.12E-06
Am/Cm 0.00E+00 1.00E-04 1.00E-02 0.00E+00 0.00E+00 0.00E+00
U 7.14E+07 1.00E-04 1.00E-02 7.14E+01 1.62E-08 6.30E-12
Np 1.07E+07 1.00E-04 1.00E-02 1.07E+01 5.71E-09 4.13E-11
Ru/Rh 9.60E+09 1.00E+00 1.00E-04 1.00E-03 9.60E+02 1.30E-06 1.37E-11 1.21E-12
Cs/Ba 1.83E+09 1.00E-04 1.00E-03 1.83E+02 2.28E-13 5.72E-13
その他FP 1.62E+09 1.00E-04 1.00E-03 1.62E+02 4.47E-12 1.21E-13
Pu 4.26E+15 1.00E-04 1.00E-03 4.26E+08 1.27E-02 2.55E-09
Am/Cm 0.00E+00 1.00E-04 1.00E-03 0.00E+00 0.00E+00 0.00E+00
U 4.61E+07 1.00E-04 1.00E-03 4.61E+00 1.94E-11 7.57E-15
Np 6.89E+06 1.00E-04 1.00E-03 6.89E-01 6.86E-12 4.96E-14
Ru/Rh 9.60E+09 1.00E+00 1.00E-04 1.00E-02 9.60E+03 7.00E-05 7.38E-09 6.52E-10
Cs/Ba 1.83E+09 1.00E-04 1.00E-02 1.83E+03 1.23E-10 3.08E-10
その他FP 1.62E+09 1.00E-04 1.00E-02 1.62E+03 2.41E-09 6.52E-11
Pu 4.26E+15 1.00E-04 1.00E-02 4.26E+09 6.83E+00 1.37E-06
Am/Cm 0.00E+00 1.00E-04 1.00E-02 0.00E+00 0.00E+00 0.00E+00
U 4.61E+07 1.00E-04 1.00E-02 4.61E+01 1.05E-08 4.08E-12
Np 6.89E+06 1.00E-04 1.00E-02 6.89E+00 3.70E-09 2.67E-11
Ru/Rh 9.70E+09 1.00E+00 1.00E-04 1.00E-03 9.70E+02 1.30E-06 1.39E-11 1.22E-12
Cs/Ba 1.85E+09 1.00E-04 1.00E-03 1.85E+02 2.30E-13 5.77E-13
その他FP 1.63E+09 1.00E-04 1.00E-03 1.63E+02 4.52E-12 1.22E-13
Pu 4.31E+15 1.00E-04 1.00E-03 4.31E+08 1.28E-02 2.57E-09
Am/Cm 0.00E+00 1.00E-04 1.00E-03 0.00E+00 0.00E+00 0.00E+00
U 4.66E+07 1.00E-04 1.00E-03 4.66E+00 1.96E-11 7.65E-15
Np 6.96E+06 1.00E-04 1.00E-03 6.96E-01 6.93E-12 5.01E-14
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S 0.0E+00 0 0.0E+00

  ［PS-1]

S 8.4E-05 0 0.0E+00

F

S 7.7E-05 0 0.0E+00

F

S Pu conc. solution 3.8E-06 0 0.0E+00

  ［PS-2] 1.5m3
F

S Pu conc. solution 0.0E+00 2.3E-02 0.0E+00

1.5m3
F  

Pu conc. solution 0.0E+00 5.0E+00 0.0E+00
F 1.5m3

total
0.0E+00

Increasing of
H2 density

－

Increasing of
H2 density

Loss of
scavenging
function

Occurance of
abnormal
condition

Loss of
prevention
systems

Safety functions

Release
sequense

MS-3 MS-4 MS-5

Increasing of
H2 density

MS-1 MS-2
Sourse team

Emergency
feeding of
service air
from "Safety
Compressed
Air Supply
System" by
low warning
of flow rate

Compressed
air feeding
from
"Normal
Compressed
Air Supply
System" by
low alarm of
pressure

Compressed
air feeding
from
"Normal
Compressed
Air Supply
System" by
low warning
of flow rate

The
amount of
material

1.6E-04(/y) 1.0E+00(/d) 4.9E-01(/d) 4.7E-02(/d)

Continuous
feeding of
scavenging air
from "Safety
Compressed Air
Supply System"

Database of systems, 
components and 
operator action

The failure rate of 
systems, components 
and operator actions 
related to initial event 
and safety function is 
set conservatively 
based on the published 
documents

a) Safety function/System Matrixa) Safety function/System Matrix

Identification of 
prevention systems 
and mitigation 
systems

Design and 
operation information 
used for analysis is 
summarized

Input failure rate 
and human reliability

Database of support systemsDatabase of support systems

Cooling systems and air compressed 
systems, etc. are corresponded.
Failure rate is calculated based on 
the FTA used at detailed PSA.

Published 
document
IEEE std-500,
WASH1400,etc.

Linkage
InputInput

Input

Design informationDesign information

MS Excel sheet

d) Evaluation of Frequency
（Results are shown by ET）
d) Evaluation of Frequency
（Results are shown by ET）

c) Consequence evaluation sheetc) Consequence evaluation sheet

Five-factor formula method is used.
Consequences of each accidents 
are calculated.

Risk of each event is estimatedRisk of each event is estimated

Automated calculation

Automated calculation

Identification of hazards and accident sequences

Identification of safety functions

Published 
document
IEEE std-500,
WASH1400,etc.

Input

Input

Repeat this 
procedure 
for all events

g) Obtain the Risk of all events 
h) Obtain the importance of systems, components and human action related to risk of reprocessing plant
g) Obtain the Risk of all events 
h) Obtain the importance of systems, components and human action related to risk of reprocessing plant

Output automatically

e) Consequence evaluation 
result display sheet
(each event)

Event No.
Release
path No

Release
sequence

ＭＡＲ
Element group

of ＭＡＲ
ＭＡＲ（Ｂｑ） ＤＲ ＡＲＦ ＬＰＦ Bq X/Q

effective
dose
inhalation
(mSv)

effective dose
deposited on
the ground
surface

Ru/Rh 1.48E+10 1.00E+00 1.00E-04 1.00E-03 1.48E+03 1.30E-06 2.12E-11 1.87E-12
Cs/Ba 2.84E+09 1.00E-04 1.00E-03 2.84E+02 3.52E-13 8.84E-13
その他FP 2.50E+09 1.00E-04 1.00E-03 2.50E+02 6.92E-12 1.87E-13
Pu 6.59E+15 1.00E-04 1.00E-03 6.59E+08 1.96E-02 3.94E-09
Am/Cm 0.00E+00 1.00E-04 1.00E-03 0.00E+00 0.00E+00 0.00E+00
U 7.14E+07 1.00E-04 1.00E-03 7.14E+00 3.00E-11 1.17E-14
Np 1.07E+07 1.00E-04 1.00E-03 1.07E+00 1.06E-11 7.68E-14
Ru/Rh 1.48E+10 1.00E+00 1.00E-04 1.00E-02 1.48E+04 7.00E-05 1.14E-08 1.01E-09
Cs/Ba 2.84E+09 1.00E-04 1.00E-02 2.84E+03 1.90E-10 4.76E-10
その他FP 2.50E+09 1.00E-04 1.00E-02 2.50E+03 3.73E-09 1.01E-10
Pu 6.59E+15 1.00E-04 1.00E-02 6.59E+09 1.06E+01 2.12E-06
Am/Cm 0.00E+00 1.00E-04 1.00E-02 0.00E+00 0.00E+00 0.00E+00
U 7.14E+07 1.00E-04 1.00E-02 7.14E+01 1.62E-08 6.30E-12
Np 1.07E+07 1.00E-04 1.00E-02 1.07E+01 5.71E-09 4.13E-11
Ru/Rh 9.60E+09 1.00E+00 1.00E-04 1.00E-03 9.60E+02 1.30E-06 1.37E-11 1.21E-12
Cs/Ba 1.83E+09 1.00E-04 1.00E-03 1.83E+02 2.28E-13 5.72E-13
その他FP 1.62E+09 1.00E-04 1.00E-03 1.62E+02 4.47E-12 1.21E-13
Pu 4.26E+15 1.00E-04 1.00E-03 4.26E+08 1.27E-02 2.55E-09
Am/Cm 0.00E+00 1.00E-04 1.00E-03 0.00E+00 0.00E+00 0.00E+00
U 4.61E+07 1.00E-04 1.00E-03 4.61E+00 1.94E-11 7.57E-15
Np 6.89E+06 1.00E-04 1.00E-03 6.89E-01 6.86E-12 4.96E-14
Ru/Rh 9.60E+09 1.00E+00 1.00E-04 1.00E-02 9.60E+03 7.00E-05 7.38E-09 6.52E-10
Cs/Ba 1.83E+09 1.00E-04 1.00E-02 1.83E+03 1.23E-10 3.08E-10
その他FP 1.62E+09 1.00E-04 1.00E-02 1.62E+03 2.41E-09 6.52E-11
Pu 4.26E+15 1.00E-04 1.00E-02 4.26E+09 6.83E+00 1.37E-06
Am/Cm 0.00E+00 1.00E-04 1.00E-02 0.00E+00 0.00E+00 0.00E+00
U 4.61E+07 1.00E-04 1.00E-02 4.61E+01 1.05E-08 4.08E-12
Np 6.89E+06 1.00E-04 1.00E-02 6.89E+00 3.70E-09 2.67E-11
Ru/Rh 9.70E+09 1.00E+00 1.00E-04 1.00E-03 9.70E+02 1.30E-06 1.39E-11 1.22E-12
Cs/Ba 1.85E+09 1.00E-04 1.00E-03 1.85E+02 2.30E-13 5.77E-13
その他FP 1.63E+09 1.00E-04 1.00E-03 1.63E+02 4.52E-12 1.22E-13
Pu 4.31E+15 1.00E-04 1.00E-03 4.31E+08 1.28E-02 2.57E-09
Am/Cm 0.00E+00 1.00E-04 1.00E-03 0.00E+00 0.00E+00 0.00E+00
U 4.66E+07 1.00E-04 1.00E-03 4.66E+00 1.96E-11 7.65E-15
Np 6.96E+06 1.00E-04 1.00E-03 6.96E-01 6.93E-12 5.01E-14

Stack
release

Hydrogen explosion
at the Pu solution
vessel

Hydrogen explosion
at the Pu solution
vessel

Hydrogen explosion
at the Pu solution
vessel

Hydrogen explosion
at the Pu solution
vessel

Ground
release

Stack
release

Ground
release

Hydrogen explosion
at the Pu solution
vessel

171Aa1 4
Stack
release

172Ab1 3

171Aa1 6

172Ab1 6

173Ab1 3

The result of Im portance evaluation

Comp.Pu C oncentrate Vessel

Event Loss of H2 scavenging fanction 9.9E-11 (death/y)

     リスク及びリスク増分（death/y)
System s, com ponents and hum an actionsrelated to safety functions

Rem ote-operated valve for service air supply to Pu concentrate vessel 9.2E-11 2.3E-09 6.7E-02 2.3E+01
M anual-operated valve for norm al com pressed air supply to safety com pressed air 9.8E-11 2.1E-09 2.0E-03 2.1E+01

Scavenging air supply line in Pu purification facility (piping & valves) 8.7E-11 1.1E-01
Service air supply line in Pu purification facility (piping & valves) 9.9E-11 5.3E-06

Norm al com pressed air supply line to safety com pressed air supply system  (piping 9.9E-11 4.9E-06
4.3E-12 9.5E-10 9.6E-01 9.6E+00

Flow  m eter for scavenging air to Pu concentrate vessel（installed for each vessel） 9.9E-11 5.3E-05
Low  alarm  of flow rate of scavenging air to Pu concentrate vessel（installed for 9.8E-11 2.3E-09 2.2E-03 2.3E+01
Pressure m eter for scavenging air in safety com pressed air supply system  (tw o- 9.9E-11 5.0E-09
Low  alarm  of pressure of scavenging air in safety com pressed air supply system 9.9E-11 9.9E-11 2.1E-07 1.0E+00

Perception of loss of scavenging air through flow  rate low alarm 9.6E-11 2.3E-09 2.2E-02 2.3E+01
9.9E-11 9.9E-11 0.0E+00 1.0E+00

Action of valve open for service air supply to Pu concentrate vessel 9.6E-11 2.3E-09 2.2E-02 2.3E+01
Perception of failure of safety com pressed air supply system  through pressure low 9.8E-11 2.1E-09 2.0E-03 2.1E+01
Action of valve open for norm al com pressed air supply to safety com pressed air 7.8E-11 2.1E-09 2.0E-01 2.1E+01

FV

Risk

RA WR(A=0) R(A =1)

f) Importance 
evaluation result 
display sheet
(each event)

Systems and components

Explaination of system
and components

Boundary of systems and
components

Remarks

Items Info Remarks

Number of systems
2

Number of needed
systems of On-duty
equipment

N1
Number of systems of
On-duty equipment N2
Number of needed
systems of stand-by
equipment

N3 1
Number of systems of
stand-by equipment N4 2
failure rate（per systems）
(/h) λ 3.00E-06

IEEE-std-500　failure rate of reley　4E-7/h

Maintenance frequency of
On-duty equipment (/yr) F1
Maintenance frequency of
stand-by equipment (/yr) F2 0

It was assumed the one to execute only the proof test.

Test frequency of stand-
by equipment （/yr） F3 1

The test frequency was assumed once per year.

maintenance time(h)
τ1 0

Mean time to repair (h)
τ2 24

The equipment which located out of the cell takes 24 hours for
repair .
The equipment which located in the cell take 720 hours for repair

CCF factor
β2 0.01

Beta factor apply to 0.1 for stand-by dinamic apparatus.
0.01 for running dinamic apparatus.

U navailability of signal and
operation,etc. related to the stand-
by equipm ent start q* 0

failure rate (On-duty)(/h) λ
eff

-

unavailability of stand by
system(On-
demand)(/demand) q 4.62E-04

Unabailability of the
component considering
the backup, etc. q

eff
4.62E-04

q*+q

The operation information of systems and components

Alarm, warning

Two redundant system of Alarm

safety mechanism

b) Utilities/Systems datasheetb) Utilities/Systems datasheetb) Utilities/Systems datasheetb) Utilities/Systems datasheet

This sheet calculate unavailability of a  
redundant system considering 
dependency between systems, 
MTTR,etc.

Identification of systems, components and human actions essential to the safety functions

Component

Event

PS-1 － －

-2 － －

MS-1 0 0.01

-2 0 0.01

-3 0 0.01

-4

PS-1PS-2 MS-1MS-2  MS-3 MS-4  MS-5

Active
comp.

Remote-operated valve for service air supply to
Pu concentrate vessel

○

Manual-operated valve for normal compressed air
supply to safety compressed air supply system

○ ○

Passive Scavenging air supply line in Pu purification ○ ○ ○
comp. Service air supply line in Pu purification facility

(piping & valves)
○

Normal compressed air supply line to safety
compressed air supply system (piping & valves)

○ ○

I&C Flow meter for scavenging air to Pu concentrate vessel（installed
for each vessel）

○ ○

Low alarm of f low rate of scavenging air to Pu concentrate vessel
（installed for each vessel）

◎ ◎

Pressure meter for scavenging air in safety compressed air supply
system (two-redundant system)

○

Low alarm of pressure of scavenging air in safety compressed air
supply system (two-redundant system)

◎

Perception of loss of scavenging air through f low rate low alarm ○

Action of valve open for service air supply to Pu concentrate ○

Perception of failure of safety compressed air supply system
through pressure low alarm

○ ○

Action of valve open for normal compressed air supply to safety
compressed air supply system

○ ○

Normal cooling water supply system
Normal cooling water supply system for F facil ity
backup cooling water supply system
Safety cool ing water supply system
Safety cool ing water supply system for F facility
general cool ing water supply system 1
general cool ing water supply system 2
Normal/buckup compressed air supply system
Safety compressed air supply system
Normal steam supply system

  Normal electric supply system
   Backup electric supply system
   Emargency electric supply system
   Emargency electric supply system for F facil ity

－

Release

sequence

Time margin （h)

1

Safety function

－

Compressed air feeding from "Normal Compressed Air Supply System"
by low warning of flow rate

Loss of

scavenging

function

Time to

operate(h)

st art   opera ti on

Increasing of

H2 density

electric
system

support
system

Prevention
Systems, components and human actionsrelated to safety functions

Human

acti on

Pu Concentrate Vessel
Loss of H2 scavenging function

The contents of safety functions

Continuous feeding of scavenging air from "Safety Compressed Air
Supply System"

Emergency feeding of service air from "Safety Compressed Air Supply
System" by low warning of flow rate

Compressed air feeding from "Normal Compressed Air Supply System"
by low alarm of pressure

occurrence
frecency

(1/y)

Dose
 (mSv)

Risk
(death/

y)

 

S 0.0E+00 0 0.0E+00

  ［PS-1]

S 8.4E-05 0 0.0E+00

F

S 7.7E-05 0 0.0E+00

F

S Pu conc. solution 3.8E-06 0 0.0E+00

  ［PS-2] 1.5m3
F

S Pu conc. solution 0.0E+00 2.3E-02 0.0E+00

1.5m3
F  

Pu conc. solution 0.0E+00 5.0E+00 0.0E+00
F 1.5m3

total
0.0E+00

Increasing of
H2 density

－

Increasing of
H2 density

Loss of
scavenging
function

Occurance of
abnormal
condition

Loss of
prevention
systems

Safety functions

Release
sequense

MS-3 MS-4 MS-5

Increasing of
H2 density

MS-1 MS-2
Sourse team

Emergency
feeding of
service air
from "Safety
Compressed
Air Supply
System" by
low warning
of flow rate

Compressed
air feeding
from
"Normal
Compressed
Air Supply
System" by
low alarm of
pressure

Compressed
air feeding
from
"Normal
Compressed
Air Supply
System" by
low warning
of flow rate

The
amount of
material

1.6E-04(/y) 1.0E+00(/d) 4.9E-01(/d) 4.7E-02(/d)

Continuous
feeding of
scavenging air
from "Safety
Compressed Air
Supply System"
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(2) Comparison of the Results of QSA and Detailed PRA Method 

As results of the QSA method and the detailed PRA, frequency and fraction of initiating events of "cooling 
loss of HLLW tank" are shown in Fig 4. The frequency calculated by the QSA method is 5E-8/year and 
well agrees with the result 2E-8/ year of detailed PRA method. 

 

Figure 4. Comparison of the result of cooling loss HLLW tank 

 

 

 

 

 

 

 

 

 

 

 

 

V. IDENTIFICATION OF THE BOUNDING ACCIDENT AND APPLICATION 

A risk profile will be obtained from the QSA and shown on a figure of distribution with X-axis of 
occurrence frequency and Y-axis of consequence. 

We consider it is a useful tool to identify the bounding consequences of the reprocessing plant. 

An example of preliminary risk profile is shown as Fig. 5. 
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Figure 5. Example of a Risk Profile 

 

 

 

 

 

 

 

 

 

 

(1) Identification of the bounding accident 

The profile shows that bounding consequences of various accidents such as HLLW boiling, in-cell solvent 
fire, criticality accident, and the like in a range of occurrence frequency corresponding to a severe accident 
at a nuclear power plant. And we find that the bounding consequence of HLLW boiling is the largest 
among all in this range. 

(2) Application of the bounding accident information 

To build a common consensus about the bounding accident among concerned parties will encourage 
regulatory body to introduce such an idea for more effective regulation with scientific rationality. 

We are going to study about follow issues. 

a) Performance goal of the reprocessing plant will be discussed referring the bounding accident 
information. 

b) Rational inspection activities will be performed by using the performance goal which endorsed by 
the regulatory body. 

c) Additionally the study of bounding accidents can contribute to substantial development for accident 
management strategy as reprocessing operators. 
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