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Introduction 
 
During the outage 2003 at Forsmark unit 2 it was planned to make a modification to the moist separator (an 
internal part of the reactor vessel), see figure 1. The work was initiated due to extensive cracking found in 
welds, which challenged the mechanical integrity of the moist separator and also loose parts lost in the 
reactor vessel. The cracks had been known for several years but until now no measures were deemed 
necessary. 
 

Problem area

 
Figur 1: The problem area on the upper part of the steam dryer. 

 
 
Description of the problem
 
Just before taking Forsmark unit 2 into operation 1980 it was decided to provide additional plates on top of 
the steam dryer in order to enhance the performance. However, due to operating experience from the Finnish 
site TVO (which has two reactors similar to Forsmark 2), the plates were not installed. The consoles 
supporting the plates were left in place, assuming that it was without risk to leave them as it was. 
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After some years of operation cracks were observed in the weldings connecting the supporting consoles to 
the beams of the steam dryer, see figure 2. 
 

Welding seam

Welding seam 

Steam dryer roof plate 

Fastening 

Fractured areas 

 
Figure 2: Consoles welded on top of steam dryer. 

 
 
Not until the beginning of year 2003 the cracks were judged to be a serious challenge to the mechanical 
integrity of the reactor vessel internals (integrity of the beams) and also the risk of having parts coming loose 
in the reactor vessel was of concern. 
 
The decision was taken to take measures on the above already during the outage year 2003, only six months 
ahead in time. One of the reasons was that the outages during 2004-2005 only are scheduled for 9 days, 
which is to short for this kind of work to be performed. 
 
Measures to be performed were to remove the supporting consoles and to weld an extra beam on to the 
existing, thus ensuring that the cracks and fractures in the original beams would not endanger the integrity of 
the structure. Also there will be no need for future materials inspection of the old beams since their function 
is entirely replaced by the new ones. 
 
Planning of the work 
 
In order to perform the acquired operations it was necessary to expose the upper part of the steam dryer from 
the water pool. 
 
The short planning time, approximately six months imposed some difficulties: 
- Since the work was not known to be performed no dose rate measurements with exposed upper part of the 

steam dryer were performed during the outage year 2002. 
- To short time to develop and implement automatic cutting, grinding and welding machines. 
- Limited time to optimize cutting, grinding and welding methods (based on more or less manual work 

methods) 
 
Of course a critical factor was to determine the dose rate at the working place on top of the steam dryer. This 
had to be done based on measurements performed at the steam dryer of Forsmark 3 and measurements 
performed at Forsmark 2 during other previous work on internals. Also additional shielding calculations 
were performed. Dose rate targets were set to 0,5 mSv/h in general above shielded parts of the working area 
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but higher near the unshielded beams. According to measurements and calculations a radiation shield 
consisting of steel plates forming a working platform were constructed, see figure 3. The steel plates were to 
be supplemented by additional lead blankets over the beams not being worked on. 
 

 Radiation shield: 100 mm steel plate 

New  beam 

 
Figure 3: Steel plate radiation shields. 

 
 
Another problem related to radiation protection was how to minimize the spread of air and surface 
contamination, especially from the cutting and grinding activities. A related problem would be heat load to 
workers if they had to work in heavy protection clothing and within a tent. To put focus on the radiological 
and industrial risks involved a comprehensive risk assessment were performed and distributed to all parties 
involved, including the contractor chosen for the performance of work. In perspective this was a very 
effective way to put these questions on the table and acknowledged by everyone involved. 
 
Early dose predictions showed a total collective dose of 250 mmanSv and with individual doses near 20 mSv 
for several persons. Can this be justified according to the ALARA principle? The immediate answer would 
be no, since enough time had not been given to proper acquire dose rate data based on measurements, 
develop and implement suitable working methods and tools and to optimize the protection measures 
accordingly. There is also an obvious risk that due to dose limitations, and other radiological matters, 
interruption of the work may be necessary, thus leaving the steam dryer in an even worse condition than 
before. 
 
Due to the judgment that continued operation without the fixing of the steam dryer, the work planning was 
continued and the work targeted to be performed as planned during the outage. However, the Forsmark 
Safety Committee, which has to approve all safety related work on the reactors, required that a set of check 
points were established. At this check points continued work should be reviewed and evaluated. The 
evaluation included participation from the Unit Manager and the Radiation Protection Manager. 
 
Check points established were: 
- 1) Factory Acceptance Test verifying the contractors working methods and tools: Check for labor time 

required. 
- 2) Lifting of reactor vessel head: Check for source term accuracy. 
- 3) When the shielding steel plates were in place: Check the actual dose rate compared with targets set up. 
- 4) During work performance: Continuously check collective dose and individual doses. Constraints were 

set at the maximum collective dose of 350 mmanSv and maximum individual dose of 12 mSv. 
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The continued planning, together with the contractor, resulted in the following major improvements 
regarding radiological safety: 
- Cutting the consoles by saw blade operated at slow speed and using a semiautomatic method minimizing 

manual operations. 
- Slow speed grinding method. 
- Choice of speedy welding method (only manual welding was possible), cutting work time for welding 

by 2/3 compared to the initial method proposed. 
- Training and verification performed at a mock-up built for the purpose. 
- Special information given to the workers involved regarding radiological and industrial safety matters for 

this particular work. 
 
The choice of working methods made it possible to perform the work without tents over the work place, but 
extra ventilation and thorough cleaning procedures had to be implemented. 
 
An adjusted dose prediction based on this planning and the verification of work methods and tools (check 
point 1) resulted in a anticipated collective dose of 160-180 mmanSv, with no individual dose in excess of 
12 mSv. 
 
Performance of work 
 
Measurements of source term and dose rates with shielding plates in place (check points 2 & 3) showed dose 
rates on working area in excess of predicted values. General dose rates were in the range of 0,7-0,8 mSv/h 
with values of about 2 mSv/h on working distance from unshielded beams. 
 
New dose predictions based on this data showed that the work could not be performed within the given 
constraint given by check point 4. An alternative to the original plan was worked out resulting in only 
modify 4 of 8 beams during this outage. The 4 “worst” beams were chosen and stress calculations showed 
that the integrity of the structure would be enough to justify continued operation, even if 4 beams were left 
unmodified. 
 
The actual work was performed according to the modified plan without any complications, incidents or 
accidents. Daily meetings were held between contractor’s staff, operational staff and radiation protection 
staff. During these meetings the resulting doses were closely monitored and communicated to everyone 
involved. 
 
The total collective dose resulting was measured to be 165,5 mmanSv and the maximum individual dose 
10,3 mSv (welder). We considered this to be an acceptable output, taking into account the limited time for 
optimization and lack of source term data. The involvement of a highly professional and engaged contractor 
at an early stage greatly promoted the output. But 4 beams still have to be modified in the forthcoming 
2-3 years. 
 
Conclusions and lessons learned 
 
- Work of this kind should not be performed without proper time allocated for the collection of realistic 

measurement data and optimization of working methods, tools and protective measures. At least 
12 months seems appropriate. 

 
- Independent shielding calculations should be performed especially on complex geometries. In this case an 

underestimation of the source term was done, resulting in higher dose rates measured at the working area 
than calculated. 

 
- Making a formal and comprehensive risk assessment will place focus also on these matters and not only 

on the technical engineering work. It also provides an excellent base for communication between all 
involved parties, including contractors. 

 
- Dedicated daily follow-up meetings proved to be of great value in coordinating the work and 

communicate actual dose figures among all involved. 
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- Pre mock-up training and additional dedicated information given to the personal involved proved to be of 

greatest importance. This greatly enhances workers involvement and awareness, besides enhancing the 
quality of work performed. 

 
- Establishing well defined check points, including alternative actions, before actually starting the work 

minimizes the risk of having negative surprises which could lead to loss of outage time and poor quality 
of work. 

 

 
Figure 6: Working area with protective measures implemented 
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Recent International Developments on Contamination Limits on Packages 
J.Hesse, RWE Power, Germany;  B.Lorenz, GNS, Germany 

 
 
1. Introduction 
 
In 1998 several events had been reported in the German media on non-compliance with the contamination 
limits for transport of spent fuel to and from the reprocessing facilities in France and the UK. The reporting 
developed to a tremendous media campaign and led to a transport stop announced by the authorities in sev-
eral European countries. E.g. in Germany the transport of spent fuel from power reactors was interrupted for 
about 3 years. 
In the meantime a lot of efforts were taken by the industry and the authorities to overcome the situation and 
to agree on a new concept of contamination prevention and control. Today it can be stated, that these meas-
ures have proven to be effective and no non-compliance with the contamination limits have been observed 
for spent fuel transports. 
It soon became evident that none of the reported contamination findings led to any remarkable dose to mem-
bers of the public or to any radiation worker involved in the transports. So from the very beginning of that 
discussion many parties involved in the affair were convinced that the existing system of contamination lim-
its in the transport regulations was no longer up-to-date and needed modernisation. 
A number of proposals were made by different countries and on behalf of the nuclear industry by the WNTI 
World Nuclear Transport Institute. Finally, the IAEA launched a Co-ordinated Research Project (CRP) on 
the Radiological Aspects of Package and Conveyance Non-Fixed Contamination to deal with all items of 
concern. 
One of the major tasks of the CRP, which lasted from 2001 till 2003, was to develop a new model for con-
tamination limits for the transport of radioactive material and associated equipment. WNTI was one of the 7 
participating parties, including also France, Germany, Japan, Sweden, UK and USA. The WNTI working 
group was formed basically by the German organisation VGB, which comprises all German nuclear power 
plants.  
This WNTI working group has created a model on its own as input to the CRP. In several special meetings 
with the other groups it was developed to an international radiological model, and was then adopted by the 
whole CRP group.  
In the following we will describe the radiological model proposed to calculate doses from non-fixed (remov-
able) surface contamination during transport of radioactive material and the results of the model calculations. 
Taking into account these results and also the efforts necessary for decontamination and contamination con-
trol we finally will discuss, wether the actual contamination limits are still appropriate. 
 
2. Fairbairne Model 
 
The starting point of the considerations was the analysis of the Fairbairn model, which up to now has served 
as the basis for the current surface contamination values for transport. The results of this old model, de-
scribed in a paper of 1961, have since then been in use (having undergone the only change in the transition 
from Curie to Becquerel as the new unit for radioactivity, rounding up from 3.7 to 4).  
The Fairbairn model is based on a single exposure situation involving 
• “most hazardous radioisotopes in common use”: Pu 239, Ra 226, Sr 90. 
• “very dusty operations” with a resuspension factor of 4⋅10-5 m-1  
• 2000 hours per year working in that “dusty” atmosphere 
• taking into account skin contamination and inhalation only 
• 50 mSv/a as basis for deriving the contamination limits 
• no considerations of the doses of members of the public 
This approach does not take into account the very large differences in the radiological properties of radionu-
clides and is not appropriate for the real transport situations nowadays. So the Fairbairn model can be judged 
as very conservative. On the flipside it derives the contamination limits from the basic individual dose limit 
of workers, what probably would no longer be accepted nowadays. 
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3. New Model 
 
After an analysis of the Fairbairne model the WNTI/VGB group decided to built up a new model taking into 
account 
• radionuclid specific data of all radionuclides 
• different kinds of packages 
• the single steps during a transport (time of steps, distance between worker and package etc.) 
• differentiation between indoor and outdoor operations 
• all possible exposure pathways 
• the exposure of workers and members of the public as well 
 
3.1 Types of packages 
 
As a reasonable compromise between all existing packages and the objective of the model to be representa-
tive for any type of packages, we chose four different package types as representatives: Small manually han-
dled packages, small remotely handled packages (200l drum), large remotely handled packages (20’ con-
tainer), and fuel flasks. An overview is given in the following table 

Table 1: Overview of package types 

Package / container type Dimensions total volume total surface area
SM: small manual (parcel) 0.3 x 0.3 x 0.3 m³ 0.03 m³ 0.5 m² 
SR: small remote (200 l drum) height 0.9 m, diameter 0.6 m 0.25 m³ 2.3 m² 
LR: large remote (20’ container) 5.9 x 2.4 x 2.4 m³ 34 m³ 68 m² 
FF: fuel flask (with fins) length 6 m, diameter 2.5 m 29 m³ 130 m² (incl. fins) 

 
3.2 Steps during transport 
 
The basic modelling principle was the assumption that any transport can be defined as a sequence of steps 
and several actions (sub-steps) during these steps. Table 2 gives an overview of the main steps, the actions 
they consists of and the groups of persons who might be possibly exposed. 
 
The transport process which is modelled here covers the period from the final inspection of the package be-
fore detachment up to the receiving inspection and transfer to the final destination place. The starting point 
of the model is within a nuclear facility. It was thought to be adequate to start at that moment, when a pack-
age is decided to become a package for transport. There might be several processes in a nuclear facility, 
where radioactive material is handled and will remain within the facility. All these processes are under the 
supervision of the radiation protection regime for the facility, basically governed by the principles of the 
IAEA Basic Safety Standards and the corresponding national regulations, probably ruled by a license. It is 
therefore not necessary to cover these actions by the transport model. Thus the model does not cover any 
preparatory steps like e.g. decontamination of the package or container to the contamination limits 
 
The endpoint of the model. is the receiving inspection and the end control of the transport equipment, espe-
cially the vehicle. It does not cover the opening of the package and removal of the radioactive contents as 
this will be the beginning of a new action within the framework of the site/facility license. 
 



Table 2 Steps relevant for the transport model, persons involved 

 

   Workers 

Main Step Action  Persons 
involved 

SM SR LR FF 

1.1 Visual inspection A A A A 
1.2 Dose rate meas. A A A A 
1.3 Contamination measurement (final meas.) A A A A 

1. Final Inspection of 
Package 

1.4 Labelling of package 

Personnel 

A A A A 
2.1 Transfer from site to conveyance C BC BC B 
2.2 Fastening, loading, lifting and fixing C BC BC B 
2.3 Dose rate meas. at conveyance AC AC A A 
2.4 Contamination meas. of conveyance  AC AC A A 

2. Loading onto convey-
ance 

2.5 Placarding of conveyance 

Personnel 

AC AC A A 
3.1 Movement (with packages) C C C C 
3.2 Unforeseen interruptions  

Personnel 

C C C C 
3.1a Movement, public, road/rail no no no no 
3.1b Movement, public, air no no no no 
3.1c Movement, public, sea no no no no 

3. Movement phase 

3.3 Regular stops 

Public 

no no no no 
4.1 Unloading (incl. sub-steps) from conv. #1      
4.1.1 dose rate & contam. meas. no F H H 
4.1.2 unfixing, fastening, lifting F F FG FG 
4.2 Loading (incl. sub-steps) on conv. #2     
4.2.1 transfer, loading, fixing F F FG FG 
4.2.2 dose rate meas. at conveyance F F H H 
4.2.3 contamination meas. of coveyance  F F H H 
4.2.4 placarding of conveyance 

Personnel, 
Public 

F F F F 

4. Transfers during trans-
port 

4.3 Regular stops Public no no no no 
5.1 Visual inspection of load T T T T 
5.2 Dose rate meas. conveyance no no no T 
5.3 Unfixing, fastening, lifting, unloading C CU CU U 
5.4 Transfer from conveyance to consignee C CU CU U 
5.5 Dose rate measurement package T T T T 
5.6 Contamination meas. package no T T T 

5. Receiving inspection 
and unloading 

5.7 Contamination meas. empty conveyance 

Personnel 

no no T T 

3.3 Workers assigned to the actions 
 
The model also takes into account that the different steps of a transport are done by different workers. That is 
shown in table 2, too, as follows: 
Workers A and B are involved in the package preparation and the transfer to the conveyance. In the case of 
small manually handled packages it is assumed that there is no special transfer worker B. Worker C is the 
driver. Workers F, G, H are working at the transfer site, T and U at the consignee’s premises. Multiple letters 
per box indicate that the step may be carried out by either of the persons. 
That gives a general idea of what each worker group is meant to consist of. There might be deviations from 
the actual working conditions, but the model is still realistic and also sufficiently conservative, which re-
quires slight overestimation rather than underestimation of working time and tasks per person. 



 
3.4 Annual exposure time 
 
For all steps the annual time of exposure was modelled by multiplying the time of the single step by the 
number of such steps a person might do per year as shown in the following table. 

Table 3: Parameters concerning shipments and annual working time 

  Parameter value for: 
Parameter unit SM SR LR FF 

number of days per year d/a 250 250 250 250 
working hours per day h/d 8 8 8 8 
annual working time h/a 2000 2000 2000 2000 
cut-off annual working time [-] 75% 75% 75% 75% 
number of loads handled per day 1/d 2* 1* 1 1 0.5 
packages per conveyance [-] 25* 100* 42 (25)** 1 1 
packages per year 1/a 25,000 6,250 250 125 
geometry of packages on conveyance  2 layers of 15/10 

packages 
2 layers of 3x7 

drums 
1 container 1 fuel flask 

*) either 1 load of 100 packages or 2 loads of 25 packages per day – differences in the type of conveyance are assumed
**) It is assumed that a load consists of 42 packages of which 25 are handled by a single worker  
 
The next table shows as an example the assumed time and some other parameter details for the step “visual 
inspection”. 

Table 4 Parameters for the substep “visual inspection” 
1.1 Visual inspection SM SR LR FF
exposure time per package texp,s min 0,5 1 5 10
exposure time per year texp,total h/a 208 175 21 21
persons involved A A A A
distance to package lextirr m 1 1 1
number of packages 1 1 1 1
exposure geometry 24 14 20 20
resuspension rate fresus 1/h 1,00E-04 1,00E-04 1,00E-04 1,00E-04
act. conc. air (room) 1 Bq/cm², 1 package Aair,room Bq/m³ 1,08E-03 4,52E-03 1,70E-02 3,25E-02

1

 
 
3.5 Exposure Pathways 
 
The following exposure pathways pertaining to non-fixed surface contamination on packages are included in 
the model: 
• external irradiation from the removable surface contamination (not by the contents of the package); 
• inhalation of radioactive aerosols re-suspended from the contaminated surface; 
• ingestion of radioactivity via a hand-to-mouth pathway, i.e. the hand touches the radioactively contami-

nated surface and subsequently gets into contact with the mouth; 
• skin contamination resulting from direct skin contact with the contaminated surface. 
 
In addition, there are other pathways which, however, may give rise only to insignificant dose contributions. 
They have been considered for a number of scenarios especially in connection with a potential dose to mem-
bers of the public but have been disregarded for further inclusion in the model. Examples of such insignifi-
cant pathways are: 
• ingestion of foodstuff grown in the vicinity of a transport path 
• external radiation or other dose paths from fall-out or wash-out of radioactivity from contaminated pack-

ages 
• secondary resuspended activity from deposited surface contamination 



• contamination build-up by frequent and continued use of places/ways for transport or temporary storage 
of packages 

• secondary contamination of passenger areas through ventilation connections with freight areas contain-
ing packages with radioactive materials. 

 
For the sake of time we cannot show all the parameters of the model here. Parameters had to be chosen also 
for all the different exposure pathways, e.g. for the volume of a room with packages, for the detailed geome-
try to calculate the exposure by direct radiation in all different cases, the dose coefficients, etc. 
All parameters were discussed several times. However, in the CRP consensus between all groups could be 
found concernig all parameters of the model. 
 
3.6 Calculations and results 
 
Calculation were made nuclide specifically by assuming a contamination of 1 Bq/cm² on the entire surface of 
every package. Results were calculated in Sv/(Bq/cm²) for every single step and every single involved per-
son. For an easier comparison with the existing contamination limit we calculated in a second step the con-
tamination leading to a dose of 2 mSv/a for the most exposed worker and the contamination leading to a dose 
of 0.3 mSv/a for a member of the public. A part of the results are shown in table 5. The complete table of all 
radionuclides can be seen in the annex. 
 

Table 5 Final results (part of the complete table) for surface contamination levels in 
Bq/cm², which correspond to a dose constraint of 2 mSv/a for workers and of 
0.3 mSv/a for members of the public 

Derived Level Workers [Bq/cm²] Derived Level Public [Bq/cm²]
Nuclide W-SM W-SR W-LR W-FF P-SM P-SR P-LR P-FF Overall Min.  

Cm-248  0,1  1,6  2,1  1,7   31   6   68   46  0,1
Co-55   135   134   305   407 1,8E+5 1,9E+4 4,0E+3 7,6E+3   134
Co-56   81   80   185   249 9,7E+4 1,1E+4 2,3E+3 4,5E+3   80
Co-57 2,3E+3 2,2E+3 4,9E+3 6,4E+3 2,3E+6 2,8E+5 6,8E+4 1,3E+5 2,2E
Co-58   270   268   621   834 3,2E+5 3,6E+4 7,9E+3 1,5E+4   268

Co-58m 1,2E+5 1,3E+5 1,3E+5 1,3E+5 3,5E+8 7,1E+7 3,1E+8 3,5E+8 1,2E+5
Co-60   109   108   245   323 1,1E+5 1,3E+4 3,2E+3 6,1E+3   108
Cr-51 8,2E+3 8,2E+3 1,8E+4 2,4E+4 1,0E+7 1,1E+6 2,4E+5 4,7E+5 8,2E

Cs-129   893   886 2,1E+3 2,8E+3 1,2E+6 1,2E+5 2,6E+4 4,9E+4   886
Cs-131 7,7E+3 7,7E+3 1,7E+4 2,2E+4 1,0E+7 1,1E+6 2,4E+5 4,6E+5 7,7E+3
Cs-132   362   359   836 1,1E+3 4,7E+5 5,0E+4 1,0E+4 2,0E+4   359
Cs-134   129   128   227   266 1,7E+5 2,0E+4 4,9E+3 9,3E+3   128

Cs-134m 6,4E+3 6,4E+3 1,1E+4 1,2E+4 1,2E+7 1,2E+6 2,6E+5 5,0E+5 6,4E
Cs-135 4,0E+3 4,6E+3 4,6E+3 4,6E+3 6,7E+6 1,4E+6 1,5E+7 1,0E+7 4,0E+3
Cs-136   122   121   274   363 1,6E+5 1,7E+4 3,6E+3 6,9E+3   121
Cs-137   284   283   439   487 3,8E+5 5,0E+4 1,3E+4 2,5E+4   283
Cu-64 1,3E+3 1,3E+3 2,8E+3 3,6E+3 1,8E+6 1,9E+5 4,0E+4 7,6E+4 1,3E

+3

+3

+3

+3
C 67 1 5E 3 1 5E 3 2 4E 3 2 7E 3 2 3E 6 2 9E 5 7 0E 4 1 3E 5 1 5E 3  

 
4. Discussion and conclusions 
 
The model calculations have been internationally harmonized within the IAEA CRP for all necessary pa-
rameters. The CRP failed however to agree finally about the mode of deriving a contamination limit or level. 
The discussion on this subject was rather divers and no consensus could be achieved. 

However, it is essential for radio protection to find and 
establish an adequate level of contamination. It has to 
be taken into account that too low contamination limits 
can have an effect converse to the wished effect of 
protection. 

Optimization

contamination limit

do
se dose due to contamination

dose due to decontamination

optimum

The lower the contamination limits are the higher ef-
forts of decontamination and measurements are needed 
to ensure compliance with the limits. This work has to 
be done in the radiation field produced by the contents 
of the packages. So it results in a higher dose of the 
workers. This situation is shown in Fig. 1. The dose 



due to the contamination competes with the dose due to decontamination. If the legal contamination limit is 
higher than the optimum, it is possible to reach the optimum by putting a lower “internal” limit. However, if 
the legal contamination limit is lower than this optimum, it is impossible to reach the optimum. This is the 
situation we have to get along with today 
 
The following tables show for the two radionuclides Co-60 and Cs-137, which most times dominate the con-
tamination from a NPP , the doses corresponding with the actual contamination limit of 4 Bq/cm². 

Table 6    Annual effective dose of the most exposed workers due to a contamination of 4 Bq/cm² 

 Small manual Small remote Large remote Fuel Flask 
Co-60 73 µSv/a 74 µSv/a 33 µSv/a 25 µSv/a 
Cs-137 28 µSv/a 28 µSv/a 18 µSv/a 16 µSv/a 

Table 7    Annual effective dose of a member of the public due to a contamination of 4 Bq/cm² 

 Small manual Small remote Large remote Fuel flask 
Co-60 0,011 µSv/a 0,092 µSv/a 0,375 µSv/a 0,197. µSv/a 
Cs-137 0,003 µSv/a 0,024 µSv/a 0,092 µSv/a 0,048 µSv/a 
 
These doses are calculated still with the very conservative assumption that the complete surface of every 
package is contaminated up to the actual contamination limit of 4 Bq/cm², which means a factor of conser-
vaty in the order of 10 or even 100. In the case of fuel flaskes these values are based on the assumption that 
one worker handles 125 flasks per year. So the dose per flask is only 0,2 µSv/flask (Co-60), respectively 0,1 
µSv/flask (Cs-137). These calculated potential doses should be compared with the real doses workers get to 
reach sure compliance with the contamination limits. Referring to a paper of J.P Degrange et. al from the last 
European ISOE workshop in 2002, the operations of prevention, elimination and monitoring of the surface 
contamination of the irradiated fuel casks before shipment contribute significantly with about 42% to the 
collective dose of the involved workers. In total they estimated as sum for all French NPPs a dose of 1,3 
manSv per year for these steps before the actual shipment. From German NPPs we know that some workers 
get doses in the order of 1mSv due to the decontamination and monitoring of one single cask. 
 
Additionally the calculations show that the dose per unity surface activity (Sv/a per Bq/cm²) strongly de-
pends on the radionuclide. The calculated values reach over about seven orders of magnitude. This is due to 
the fact that the different radiological importance of the different radionuclides directly influences the calcu-
lation. Today only one order of magnitude is reflecting the differences between radionuclides. The actual 
limitation by only two values (0.4 Bq/cm² for alpha emitters and 4 Bq/cm² for the other nuclides) does not 
approximately reflect the radiological importance of the different radionuclides adequately. 
 
When setting contamination limits there are of course also other aspects to be taken into account as: 
• A reached level of cleanliness should not be given up without reason. 
• The dose due to contamination should be only a part of the dose for the whole process. 
• The contamination limits for transports should be in compliance with the contamination limits in the 

receiving facilities 
• New contamination limits must be justifiable also in a political debate with the public 
 
Even taking into account these additional conditions it seems to be appropriate to put the contamination lim-
its on the basis of the described new international model of the IAEA CRP. It is much more realistic than the 
Fairbairne model of 1961 and still rather conservative. This would mean to substitute the actual limits by 
radionuclidspecific ones and to consider an appropriate constraint, e.g. 2 mSv/a for workers, for the deriva-
tion of these limits. 
 



 
Annex 

Final results for surface contamination levels in Bq/cm² which correspond to a dose constraint of 
2 mSv/a for workers and of 0.3 mSv/a for members of the public 

 
Derived Level Workers [Bq/cm²] Derived Level Public [Bq/cm²]

Nuclide W-SM W-SR W-LR W-FF P-SM P-SR P-LR P-FF Overall Min.  
Ac-225   21   158   190   171 5,1E+3 1,0E+3 8,9E+3 7,0E+3   21
Ac-227  0,036  0,4  0,6  0,5   8  1,7   18   12  0,036
Ac-228   204   223   400   454 1,3E+5 2,0E+4 8,4E+3 1,6E+4   204
Ag-105   405   402   750   901 6,0E+5 6,6E+4 1,4E+4 2,8E+4   402

Ag-108m   149   155   354   447 7,9E+4 1,2E+4 4,6E+3 8,5E+3   149
Ag-110m   97   97   223   296 9,8E+4 1,2E+4 2,9E+3 5,4E+3   97
Ag-111 2,4E+3 2,8E+3 3,4E+3 3,4E+3 2,3E+6 4,0E+5 2,8E+5 4,9E+5 2,4E+3
Al-26   102   102   225   290 8,9E+4 1,1E+4 3,1E+3 5,9E+3   102

Am-241  0,5   6   8   6   111   23   244   165  0,5
Am-242m  0,6   6   8   7   126   26   277   187  0,6
Am-243  0,5   6   8   6   113   23   249   169  0,5
As-72   143   142   312   408 1,9E+5 2,1E+4 4,3E+3 8,3E+3   142
As-73 8,8E+3 1,3E+4 1,6E+4 1,7E+4 4,3E+6 8,2E+5 1,1E+6 1,8E+6 8,8E+3
As-74   320   318   691   891 3,8E+5 4,3E+4 9,8E+3 1,9E+4   318
As-76   490   488   887 1,1E+3 7,3E+5 8,2E+4 1,8E+4 3,5E+4   488
As-77 5,7E+3 6,1E+3 6,9E+3 7,0E+3 9,3E+6 1,6E+6 8,7E+5 1,6E+6 5,7E+3
At-211   162   611   661   636 4,2E+4 8,5E+3 6,3E+4 5,4E+4   162
Au-193 1,7E+3 1,7E+3 3,4E+3 4,4E+3 2,3E+6 2,5E+5 5,3E+4 1,0E+5 1,7E+3
Au-194   264   261   613   832 3,4E+5 3,7E+4 7,6E+3 1,5E+4   261
Au-195 2,9E+3 2,9E+3 5,9E+3 7,2E+3 2,2E+6 3,0E+5 9,5E+4 1,8E+5 2,9E+3
Au-198   477   474   820   954 7,5E+5 8,5E+4 1,9E+4 3,6E+4   474

Au-198m   232   231   445   542 3,1E+5 3,5E+4 8,0E+3 1,5E+4   231
Au-199 2,4E+3 2,4E+3 4,3E+3 5,0E+3 2,6E+6 3,4E+5 9,2E+4 1,7E+5 2,4E+3
Ba-131   506   502 1,2E+3 1,5E+3 6,6E+5 7,1E+4 1,5E+4 2,8E+4   502
Ba-133   611   607 1,3E+3 1,7E+3 6,8E+5 8,0E+4 1,9E+4 3,6E+4   607

Ba-133m 1,7E+3 1,7E+3 2,3E+3 2,5E+3 4,1E+6 4,6E+5 1,0E+5 2,0E+5 1,7E+3
Ba-140   109   108   240   314 1,4E+5 1,5E+4 3,3E+3 6,3E+3   108

Be-7 5,2E+3 5,2E+3 1,2E+4 1,7E+4 6,5E+6 7,1E+5 1,5E+5 2,9E+5 5,2E+3
Be-10 1,21E+3 2,4E+3 2,5E+3 2,5E+3 4,8E+5 9,9E+4 1,1E+6 7,2E+5 1,21E+3
Bi-205   175   173   406   550 2,2E+5 2,4E+4 5,0E+3 9,7E+3   173
Bi-206   83,4   83   193   260 1,1E+5 1,1E+4 2,4E+3 4,6E+3   82,7
Bi-207   174,0   173   397   527 1,8E+5 2,2E+4 5,1E+3 9,7E+3   172,9
Bi-210   224,27 1,6E+3 1,9E+3 1,7E+3 5,0E+4 1,0E+4 1,1E+5 7,5E+4   224,27

Bi-210m 6,39E+00 6,99E+01 9,30E+01 7,76E+01 1,4E+3   278 2,7E+3 2,0E+3 6,39E+00
Bi-212   194,0   210   477   594 9,9E+4 1,5E+4 6,3E+3 1,2E+4   194
Bk-247  0,3  3,4   5  3,7   67   14   148   100  0,3
Bk-249   132 1,4E+3 1,9E+3 1,6E+3 2,9E+4 5,9E+3 6,4E+4 4,3E+4   132
Br-76   110   109   248   330 1,5E+5 1,6E+4 3,2E+3 6,2E+3   109
Br-77   844   836 2,0E+3 2,7E+3 1,1E+6 1,2E+5 2,4E+4 4,7E+4   836
Br-82   103   102   240   327 1,3E+5 1,4E+4 3,0E+3 5,7E+3   102
C-11   260,2   258   618   852 3,4E+5 3,6E+4 7,4E+3 1,4E+4   258,0
C-14 1,01E+4 1,4E+4 1,4E+4 1,4E+4 2,3E+6 4,7E+5 5,1E+6 3,5E+6 1,01E+4

Ca-41 2,63E+4 3,3E+4 3,3E+4 3,3E+4 4,9E+7 1,0E+7 1,1E+8 7,3E+7 2,63E+4
Ca-45 4,3E+3 9,2E+3 9,5E+3 9,3E+3 1,7E+6 3,5E+5 3,8E+6 2,6E+6 4,3E+3
Ca-47   227,0   225   488   629 2,7E+5 3,1E+4 7,0E+3 1,3E+4   225,4

Cd-109 1,16E+3 1,7E+3 1,9E+3 2,0E+3 6,6E+5 1,3E+5 1,9E+5 3,0E+5 1,16E+3
Cd-113m   198   362   369   365 8,9E+4 1,8E+4 2,0E+5 1,3E+5   198
Cd-115   603   599 1,2E+3 1,4E+3 7,7E+5 8,9E+4 2,0E+4 3,9E+4   599

Cd-115m 1,1E+3 1,6E+3 1,8E+3 1,8E+3 7,2E+5 1,4E+5 3,0E+5 4,3E+5 1,1E+3
Ce-139 1,5E+3 1,5E+3 3,4E+3 4,3E+3 1,2E+6 1,6E+5 4,7E+4 8,9E+4 1,5E+3
Ce-141 2,0E+3 2,4E+3 4,0E+3 4,4E+3 1,1E+6 1,9E+5 1,0E+5 1,8E+5 2,0E+3
Ce-143   767   763 1,4E+3 1,7E+3 1,0E+6 1,2E+5 2,7E+4 5,2E+4   763
Ce-144   382   965 1,1E+3 1,0E+3 1,3E+5 2,5E+4 1,0E+5 1,2E+5   382
Cf-248  2,4   28   38   31   529   107 1,2E+3   788  2,4
Cf-249  0,3  3,4   4  3,7   66   14   146   99  0,3
Cf-250  0,6   7   9   8   137   28   302   204  0,6
Cf-251  0,3  3,3   4  3,6   66   13   144   98  0,3
Cf-252  1,1   12   17   14   233   47   513   347  1,1
Cf-253   17   202   278   225 3,6E+3   728 7,9E+3 5,3E+3   17
Cf-254  0,5   5   7   6   113   23   250   169  0,5  

 



Derived Level Workers [Bq/cm²] Derived Level Public [Bq/cm²]
Nuclide W-SM W-SR W-LR W-FF P-SM P-SR P-LR P-FF Overall Min.  

Cl-36 1,8E+3 4,5E+3 4,6E+3 4,5E+3 6,4E+5 1,3E+5 1,4E+6 9,5E+5 1,8E+3
Cl-38   194   193   412   531 2,8E+5 2,9E+4 6,0E+3 1,2E+4   193

Cm-240   7   81   110   90 1,5E+3   296 3,2E+3 2,2E+3   7
Cm-241   303   474 1,0E+3 1,1E+3 1,1E+5 1,9E+4 1,5E+4 2,6E+4   303
Cm-242   4   49   67   55   895   182 2,0E+3 1,3E+3   4
Cm-243  0,7   8   10   8   150   31   329   223  0,7
Cm-244  0,8   9   12   10   172   35   380   257  0,8
Cm-245  0,5   6   7   6   111   23   244   165  0,5
Cm-246  0,5   6   7   6   111   23   244   165  0,5
Cm-247  0,6   6   8   7   119   24   260   177  0,6
Cm-248  0,1  1,6  2,1  1,7   31   6   68   46  0,1
Co-55   135   134   305   407 1,8E+5 1,9E+4 4,0E+3 7,6E+3   134
Co-56   81   80   185   249 9,7E+4 1,1E+4 2,3E+3 4,5E+3   80
Co-57 2,3E+3 2,2E+3 4,9E+3 6,4E+3 2,3E+6 2,8E+5 6,8E+4 1,3E+5 2,2E+3
Co-58   270   268   621   834 3,2E+5 3,6E+4 7,9E+3 1,5E+4   268

Co-58m 1,2E+5 1,3E+5 1,3E+5 1,3E+5 3,5E+8 7,1E+7 3,1E+8 3,5E+8 1,2E+5
Co-60   109   108   245   323 1,1E+5 1,3E+4 3,2E+3 6,1E+3   108
Cr-51 8,2E+3 8,2E+3 1,8E+4 2,4E+4 1,0E+7 1,1E+6 2,4E+5 4,7E+5 8,2E+3

Cs-129   893   886 2,1E+3 2,8E+3 1,2E+6 1,2E+5 2,6E+4 4,9E+4   886
Cs-131 7,7E+3 7,7E+3 1,7E+4 2,2E+4 1,0E+7 1,1E+6 2,4E+5 4,6E+5 7,7E+3
Cs-132   362   359   836 1,1E+3 4,7E+5 5,0E+4 1,0E+4 2,0E+4   359
Cs-134   129   128   227   266 1,7E+5 2,0E+4 4,9E+3 9,3E+3   128

Cs-134m 6,4E+3 6,4E+3 1,1E+4 1,2E+4 1,2E+7 1,2E+6 2,6E+5 5,0E+5 6,4E+3
Cs-135 4,0E+3 4,6E+3 4,6E+3 4,6E+3 6,7E+6 1,4E+6 1,5E+7 1,0E+7 4,0E+3
Cs-136   122   121   274   363 1,6E+5 1,7E+4 3,6E+3 6,9E+3   121
Cs-137   284   283   439   487 3,8E+5 5,0E+4 1,3E+4 2,5E+4   283
Cu-64 1,3E+3 1,3E+3 2,8E+3 3,6E+3 1,8E+6 1,9E+5 4,0E+4 7,6E+4 1,3E+3
Cu-67 1,5E+3 1,5E+3 2,4E+3 2,7E+3 2,3E+6 2,9E+5 7,0E+4 1,3E+5 1,5E+3
Dy-159 4,8E+3 4,8E+3 1,1E+4 1,4E+4 4,3E+6 5,5E+5 1,4E+5 2,7E+5 4,8E+3
Dy-165 3,9E+3 3,9E+3 5,0E+3 5,2E+3 1,1E+7 1,3E+6 2,9E+5 5,6E+5 3,9E+3
Dy-166 1,5E+3 1,6E+3 2,1E+3 2,2E+3 1,3E+6 2,2E+5 1,1E+5 1,9E+5 1,5E+3
Er-169 8,7E+3 1,4E+4 1,4E+4 1,4E+4 4,7E+6 9,5E+5 1,0E+7 6,9E+6 8,7E+3
Er-171   647   642 1,3E+3 1,7E+3 9,1E+5 9,9E+4 2,1E+4 4,0E+4   642
Eu-147   322   320   745 1,0E+3 3,9E+5 4,3E+4 9,3E+3 1,8E+4   320
Eu-148   124   123   289   392 1,5E+5 1,7E+4 3,6E+3 6,9E+3   123
Eu-149 3,2E+3 3,2E+3 7,2E+3 9,5E+3 3,4E+6 4,0E+5 9,4E+4 1,8E+5 3,2E+3
Eu-150   331 1,5E+3 1,7E+3 1,6E+3 8,7E+4 1,7E+4 8,9E+4 9,2E+4   331
Eu-152   188   226   517   629 8,2E+4 1,3E+4 6,7E+3 1,2E+4   188

Eu-152m   741   736 1,5E+3 1,8E+3 1,1E+6 1,2E+5 2,5E+4 4,7E+4   736
Eu-154   160   204   456   542 6,7E+4 1,1E+4 6,1E+3 1,1E+4   160
Eu-155 1,9E+3 3,6E+3 7,0E+3 7,4E+3 6,1E+5 1,1E+5 1,2E+5 2,0E+5 1,9E+3
Eu-156   200   198   425   545 2,4E+5 2,7E+4 6,2E+3 1,2E+4   198

F-18   260   258   593   797 3,5E+5 3,7E+4 7,6E+3 1,5E+4   258
Fe-52   85   85   198   268 1,1E+5 1,2E+4 2,5E+3 4,7E+3   85
Fe-55 1,9E+4 2,7E+4 2,7E+4 2,7E+4 1,2E+7 2,5E+6 2,7E+7 1,8E+7 1,9E+4
Fe-59   228   227   509   668 2,5E+5 2,9E+4 6,8E+3 1,3E+4   227
Fe-60   57   87   88   87 3,3E+4 6,8E+3 7,3E+4 5,0E+4   57
Ga-67 1,7E+3 1,7E+3 3,5E+3 4,4E+3 2,2E+6 2,5E+5 5,5E+4 1,0E+5 1,7E+3
Ga-68   260   258   564   734 3,6E+5 3,9E+4 7,9E+3 1,5E+4   258
Ga-72   107   106   243   326 1,4E+5 1,5E+4 3,1E+3 6,0E+3   106

Gd-146   97   96   220   292 1,1E+5 1,3E+4 2,9E+3 5,5E+3   96
Gd-148  1,8   20   27   22   423   86   933   631  1,8
Gd-153 2,1E+3 2,1E+3 4,6E+3 5,7E+3 1,3E+6 1,8E+5 6,3E+4 1,2E+5 2,1E+3
Gd-159 3,2E+3 3,2E+3 4,4E+3 4,8E+3 5,7E+6 7,1E+5 1,8E+5 3,5E+5 3,2E+3
Ge-68   266   265   608   784 1,7E+5 2,5E+4 7,9E+3 1,5E+4   265
Ge-71 5,8E+5 7,8E+5 7,9E+5 7,9E+5 4,2E+8 8,6E+7 9,3E+8 6,3E+8 5,8E+5
Ge-77   235   233   496   637 3,2E+5 3,5E+4 7,3E+3 1,4E+4   233
Hf-172   699 1,6E+3 2,8E+3 2,9E+3 2,2E+5 4,1E+4 5,7E+4 9,1E+4   699
Hf-175   690   686 1,5E+3 2,0E+3 7,6E+5 8,9E+4 2,1E+4 3,9E+4   686
Hf-181   447   445   952 1,2E+3 3,8E+5 5,0E+4 1,4E+4 2,6E+4   445  

 



Derived Level Workers [Bq/cm²] Derived Level Public [Bq/cm²]
Nuclide W-SM W-SR W-LR W-FF P-SM P-SR P-LR P-FF Overall Min.  

Hf-182   142   651   939   911 3,5E+4 7,0E+3 2,3E+4 2,9E+4   142
Hg-194   112   112   149   158 2,1E+5 2,8E+4 7,5E+3 1,4E+4   112

Hg-195m   817   811 1,8E+3 2,3E+3 1,0E+6 1,1E+5 2,5E+4 4,8E+4   811
Hg-197 3,4E+3 3,4E+3 6,5E+3 7,9E+3 4,0E+6 4,9E+5 1,2E+5 2,3E+5 3,4E+3

Hg-197m 1,4E+3 1,4E+3 2,6E+3 3,1E+3 1,7E+6 2,1E+5 5,2E+4 1,0E+5 1,4E+3
Hg-203   943   941 1,8E+3 2,1E+3 8,7E+5 1,2E+5 3,4E+4 6,4E+4   941
Ho-166 2,2E+3 2,3E+3 2,6E+3 2,7E+3 4,6E+6 7,0E+5 2,7E+5 5,1E+5 2,2E+3

Ho-166m   96   153   350   393 3,3E+4 5,9E+3 4,6E+3 8,0E+3   96
I-123 1,5E+3 1,5E+3 3,3E+3 4,4E+3 2,0E+6 2,1E+5 4,4E+4 8,4E+4 1,5E+3
I-124   194   193   342   401 2,6E+5 3,1E+4 7,4E+3 1,4E+4   193
I-125   517   577   626   630 7,9E+5 1,4E+5 1,2E+5 2,1E+5   517
I-126   207   210   270   283 2,9E+5 4,3E+4 1,6E+4 3,0E+4   207
I-129   77   89   90   89 1,3E+5 2,6E+4 1,3E+5 1,3E+5   77
I-131   266   269   348   365 3,7E+5 5,5E+4 2,0E+4 3,7E+4   266
I-132   116   116   268   362 1,5E+5 1,6E+4 3,4E+3 6,5E+3   116
I-133   329   327   619   747 4,5E+5 5,2E+4 1,2E+4 2,2E+4   327
I-134   103   103   238   322 1,4E+5 1,5E+4 3,0E+3 5,7E+3   103
I-135   147   146   333   446 2,0E+5 2,1E+4 4,3E+3 8,3E+3   146
In-111   661   656 1,5E+3 2,0E+3 8,5E+5 9,2E+4 1,9E+4 3,7E+4   656

In-113m   953   945 2,1E+3 2,7E+3 1,3E+6 1,4E+5 2,9E+4 5,6E+4   945
In-114m   877 1,0E+3 1,5E+3 1,6E+3 5,9E+5 1,0E+5 5,6E+4 1,0E+5   877
In-115m 1,4E+3 1,4E+3 2,9E+3 3,7E+3 2,0E+6 2,2E+5 4,5E+4 8,7E+4 1,4E+3
Ir-189 2,9E+3 2,9E+3 5,7E+3 6,9E+3 3,0E+6 3,8E+5 9,8E+4 1,9E+5 2,9E+3
Ir-190   186   184   423   564 2,3E+5 2,5E+4 5,4E+3 1,0E+4   184
Ir-192   305   303   663   851 2,9E+5 3,6E+4 9,3E+3 1,8E+4   303
Ir-194 1,4E+3 1,4E+3 2,0E+3 2,2E+3 2,7E+6 3,4E+5 8,5E+4 1,6E+5 1,4E+3
K-40   761   761   999 1,1E+3 1,2E+6 1,7E+5 5,3E+4 1,0E+5   761
K-42 1,0E+3 1,0E+3 2,3E+3 3,0E+3 1,4E+6 1,5E+5 3,1E+4 5,9E+4 1,0E+3
K-43   266   264   600   800 3,6E+5 3,8E+4 7,8E+3 1,5E+4   264

La-137 3,7E+3 7,2E+3 1,6E+4 1,7E+4 1,2E+6 2,1E+5 2,1E+5 3,6E+5 3,7E+3
La-140   123   122   280   375 1,6E+5 1,7E+4 3,6E+3 6,9E+3   122
Lu-172   144   143   324   431 1,8E+5 2,0E+4 4,3E+3 8,2E+3   143
Lu-173 1,8E+3 1,8E+3 4,0E+3 5,0E+3 1,2E+6 1,7E+5 5,7E+4 1,1E+5 1,8E+3
Lu-174 1,6E+3 1,9E+3 3,8E+3 4,5E+3 8,0E+5 1,3E+5 6,1E+4 1,1E+5 1,6E+3

Lu-174m 2,3E+3 3,0E+3 5,4E+3 5,9E+3 1,0E+6 1,8E+5 1,2E+5 2,1E+5 2,3E+3
Lu-177 3,9E+3 4,2E+3 6,1E+3 6,5E+3 3,0E+6 4,8E+5 2,2E+5 4,1E+5 3,9E+3
Mg-28   90   90   203   269 1,2E+5 1,3E+4 2,7E+3 5,1E+3   90
Mn-52   80   79   185   251 1,0E+5 1,1E+4 2,3E+3 4,4E+3   79
Mn-53 1,8E+5 3,1E+5 3,2E+5 3,1E+5 8,6E+7 1,8E+7 1,9E+8 1,3E+8 1,8E+5
Mn-54   317   315   730   980 3,7E+5 4,2E+4 9,2E+3 1,8E+4   315
Mn-56   166   164   370   492 2,2E+5 2,4E+4 4,9E+3 9,4E+3   164
Mo-93 2,4E+3 3,2E+3 3,5E+3 3,5E+3 1,9E+6 3,6E+5 4,9E+5 7,9E+5 2,4E+3
Mo-99   846   841 1,6E+3 1,9E+3 1,1E+6 1,2E+5 2,9E+4 5,6E+4   841
N-13   260   258   619   853 3,4E+5 3,6E+4 7,4E+3 1,4E+4   258

Na-22   121   120   269   355 1,6E+5 1,7E+4 3,6E+3 6,9E+3   120
Na-24   78   77   180   245 1,0E+5 1,1E+4 2,2E+3 4,3E+3   77

Nb-93m 2,4E+4 4,5E+4 6,0E+4 6,1E+4 8,6E+6 1,7E+6 2,7E+6 4,1E+6 2,4E+4
Nb-94   165   164   374   490 1,5E+5 1,9E+4 4,9E+3 9,2E+3   164
Nb-95   344   341   791 1,1E+3 4,0E+5 4,5E+4 1,0E+4 1,9E+4   341
Nb-97   377   374   820 1,1E+3 5,2E+5 5,5E+4 1,1E+4 2,2E+4   374

Nd-147 1,3E+3 1,3E+3 2,3E+3 2,6E+3 1,2E+6 1,6E+5 5,2E+4 9,8E+4 1,3E+3
Nd-149   579   575 1,1E+3 1,4E+3 7,8E+5 8,8E+4 2,0E+4 3,7E+4   575
Ni-59 7,8E+4 1,5E+5 1,5E+5 1,5E+5 3,6E+7 7,3E+6 7,9E+7 5,3E+7 7,8E+4
Ni-63 2,7E+4 5,9E+4 6,1E+4 5,9E+4 9,7E+6 2,0E+6 2,1E+7 1,4E+7 2,7E+4
Ni-65   481   477 1,0E+3 1,3E+3 6,8E+5 7,3E+4 1,5E+4 2,9E+4   477

Np-235 3,3E+4 8,1E+4 1,1E+5 1,1E+5 1,1E+7 2,1E+6 4,0E+6 5,9E+6 3,3E+4
Np-236   7   71   93   78 1,5E+3   295 3,1E+3 2,1E+3   7
Np-237  0,9   11   14   12   202   41   440   300  0,9
Np-239 1,4E+3 1,4E+3 2,5E+3 3,0E+3 1,6E+6 1,9E+5 4,9E+4 9,3E+4 1,4E+3
Os-185   372   369   859 1,2E+3 4,4E+5 4,9E+4 1,1E+4 2,1E+4   369  

 



Derived Level Workers [Bq/cm²] Derived Level Public [Bq/cm²]
Nuclide W-SM W-SR W-LR W-FF P-SM P-SR P-LR P-FF Overall Min.  

Os-191 2,9E+3 3,0E+3 5,6E+3 6,4E+3 1,8E+6 2,8E+5 1,1E+5 2,0E+5 2,9E+3
Os-191m 1,8E+4 1,9E+4 2,3E+4 2,4E+4 2,3E+7 3,7E+6 1,6E+6 3,0E+6 1,8E+4
Os-193 2,2E+3 2,2E+3 3,2E+3 3,5E+3 3,4E+6 4,3E+5 1,1E+5 2,2E+5 2,2E+3
Os-194   605 1,3E+3 1,8E+3 1,8E+3 2,0E+5 4,0E+4 7,2E+4 1,1E+5   605

P-32 1,7E+3 2,2E+3 2,2E+3 2,2E+3 1,4E+6 2,8E+5 3,0E+6 2,0E+6 1,7E+3
P-33 8,7E+3 2,0E+4 2,0E+4 2,0E+4 3,1E+6 6,3E+5 6,8E+6 4,6E+6 8,7E+3

Pa-230   34   269   386   352 7,5E+3 1,5E+3 7,0E+3 7,6E+3   34
Pa-231  0,2  1,7  2,3  1,9   33   7   73   50  0,2
Pa-233 1,1E+3 1,1E+3 2,2E+3 2,6E+3 7,7E+5 1,1E+5 3,7E+4 6,9E+4 1,1E+3
Pb-201   309   307   717   971 4,1E+5 4,3E+4 8,9E+3 1,7E+4   307
Pb-202   705 1,1E+3 1,1E+3 1,1E+3 4,2E+5 8,6E+4 9,3E+5 6,3E+5   705
Pb-203   877   870 2,0E+3 2,6E+3 1,2E+6 1,2E+5 2,6E+4 5,0E+4   870
Pb-205 2,2E+4 3,3E+4 3,4E+4 3,4E+4 1,4E+7 2,9E+6 3,1E+7 2,1E+7 2,2E+4
Pb-210  3,4   9   10   9 1,1E+3   220 2,4E+3 1,6E+3  3,4
Pb-212   140   167   337   391 7,0E+4 1,1E+4 5,6E+3 1,0E+4   140
Pd-103 9,5E+3 9,5E+3 1,8E+4 2,2E+4 6,8E+6 9,9E+5 3,3E+5 6,2E+5 9,5E+3
Pd-107 1,3E+5 2,5E+5 2,5E+5 2,5E+5 5,5E+7 1,1E+7 1,2E+8 8,2E+7 1,3E+5
Pd-109 3,8E+3 3,9E+3 4,4E+3 4,5E+3 8,6E+6 1,3E+6 5,0E+5 9,4E+5 3,8E+3
Pm-143   817   812 1,9E+3 2,5E+3 8,1E+5 9,7E+4 2,4E+4 4,5E+4   812
Pm-144   167   167   391   523 1,6E+5 2,0E+4 4,8E+3 9,2E+3   167
Pm-145 3,3E+3 5,6E+3 1,2E+4 1,3E+4 1,1E+6 2,0E+5 1,8E+5 3,1E+5 3,3E+3
Pm-147 3,6E+3 1,6E+4 1,8E+4 1,7E+4 9,3E+5 1,9E+5 2,1E+6 1,4E+6 3,6E+3

Pm-148m   126   126   281   370 1,5E+5 1,7E+4 3,8E+3 7,2E+3   126
Pm-149 3,4E+3 3,7E+3 4,1E+3 4,1E+3 5,7E+6 9,8E+5 6,4E+5 1,1E+6 3,4E+3
Pm-151   654   650 1,2E+3 1,5E+3 9,5E+5 1,1E+5 2,3E+4 4,4E+4   650
Po-210   6   28   31   29 1,4E+3   287 3,1E+3 2,1E+3   6
Pr-142 2,6E+3 2,6E+3 3,7E+3 4,0E+3 3,8E+6 5,1E+5 1,4E+5 2,7E+5 2,6E+3
Pr-143 2,8E+3 3,9E+3 3,9E+3 3,9E+3 2,1E+6 4,3E+5 4,7E+6 3,2E+6 2,8E+3
Pt-188   161   160   363   484 2,1E+5 2,3E+4 4,7E+3 9,1E+3   160
Pt-191   887   879 2,0E+3 2,6E+3 1,2E+6 1,3E+5 2,7E+4 5,1E+4   879
Pt-193 2,0E+5 2,4E+5 2,5E+5 2,4E+5 2,2E+8 4,5E+7 4,9E+8 3,3E+8 2,0E+5

Pt-193m 7,2E+3 7,2E+3 8,6E+3 8,9E+3 1,8E+7 2,5E+6 7,3E+5 1,4E+6 7,2E+3
Pt-195m 1,9E+3 1,9E+3 2,6E+3 2,8E+3 4,3E+6 5,0E+5 1,1E+5 2,1E+5 1,9E+3
Pt-197 4,5E+3 4,5E+3 5,8E+3 6,1E+3 1,2E+7 1,5E+6 3,5E+5 6,6E+5 4,5E+3

Pt-197m 1,9E+3 1,9E+3 3,1E+3 3,6E+3 3,2E+6 3,6E+5 7,6E+4 1,5E+5 1,9E+3
Pu-236  1,1   12   17   14   233   47   513   347  1,1
Pu-237 5,7E+3 5,7E+3 1,2E+4 1,6E+4 5,0E+6 6,5E+5 1,8E+5 3,3E+5 5,7E+3
Pu-238  0,5   5   7   6   101   21   223   151  0,5
Pu-239  0,4   5   6   5   93   19   205   139  0,4
Pu-240  0,4   5   6   5   93   19   205   139  0,4
Pu-241   23   260   345   286 5,2E+3 1,1E+3 1,1E+4 7,7E+3   23
Pu-242  0,5   5   7   6   97   20   214   145  0,5
Pu-244  0,5   5   7   6   99   20   216   147  0,5
Ra-223  2,8   26   33   28   628   128 1,3E+3   920  2,8
Ra-224   6   48   59   53 1,5E+3   309 2,3E+3 2,0E+3   6
Ra-225  2,9   26   32   28   645   131 1,4E+3   950  2,9
Ra-226  2,2   7   7   7   619   126 1,1E+3   839  2,2
Ra-228   5   13   13   13 1,8E+3   357 2,7E+3 2,3E+3   5
Rb-81   416   412   903 1,2E+3 5,8E+5 6,1E+4 1,3E+4 2,4E+4   412
Rb-83   480   477 1,0E+3 1,3E+3 6,3E+5 7,0E+4 1,5E+4 2,9E+4   477
Rb-84   272   270   565   717 3,6E+5 4,0E+4 8,6E+3 1,6E+4   270
Rb-86 1,2E+3 1,2E+3 1,6E+3 1,7E+3 2,2E+6 2,9E+5 8,4E+4 1,6E+5 1,2E+3
Rb-87 3,0E+3 3,2E+3 3,2E+3 3,2E+3 9,3E+6 1,9E+6 2,1E+7 1,4E+7 3,0E+3

Re-184   292   290   656   867 3,4E+5 3,9E+4 8,7E+3 1,7E+4   290
Re-184m   235   234   500   632 2,1E+5 2,8E+4 7,3E+3 1,4E+4   234
Re-186 2,6E+3 2,9E+3 3,3E+3 3,4E+3 3,4E+6 5,9E+5 3,8E+5 6,7E+5 2,6E+3
Re-187 1,2E+6 1,9E+6 1,9E+6 1,9E+6 7,4E+8 1,5E+8 1,6E+9 1,1E+9 1,2E+6
Re-188 1,8E+3 1,8E+3 2,2E+3 2,4E+3 3,6E+6 4,8E+5 1,4E+5 2,6E+5 1,8E+3
Re-189 1,7E+3 1,7E+3 2,2E+3 2,4E+3 3,6E+6 4,5E+5 1,1E+5 2,2E+5 1,7E+3
Rh-99   424   421   952 1,3E+3 5,3E+5 5,8E+4 1,3E+4 2,4E+4   421  

 



Derived Level Workers [Bq/cm²] Derived Level Public [Bq/cm²]
Nuclide W-SM W-SR W-LR W-FF P-SM P-SR P-LR P-FF Overall Min.  

Rh-101   936   932 2,0E+3 2,5E+3 8,1E+5 1,1E+5 2,9E+4 5,5E+4   932
Rh-102   123   122   280   372 1,3E+5 1,6E+4 3,6E+3 6,9E+3   122

Rh-102m   502   500 1,1E+3 1,4E+3 4,4E+5 5,7E+4 1,6E+4 2,9E+4   500
Rh-103m 1,1E+5 1,1E+5 2,4E+5 3,1E+5 1,4E+8 1,6E+7 3,3E+6 6,4E+6 1,1E+5
Rh-105 2,6E+3 2,6E+3 4,6E+3 5,4E+3 3,5E+6 4,2E+5 9,9E+4 1,9E+5 2,6E+3
Rn-222   155   155   349   451 1,2E+5 1,6E+4 4,6E+3 8,8E+3   155
Ru-97 1,1E+3 1,1E+3 2,6E+3 3,5E+3 1,4E+6 1,5E+5 3,2E+4 6,2E+4 1,1E+3

Ru-103   516   513 1,2E+3 1,5E+3 5,2E+5 6,3E+4 1,5E+4 2,9E+4   513
Ru-105   290   288   634   829 3,9E+5 4,2E+4 8,8E+3 1,7E+4   288
Ru-106   352   560   764   781 1,5E+5 2,8E+4 3,3E+4 5,5E+4   352

S-35 6,5E+3 1,1E+4 1,1E+4 1,1E+4 3,3E+6 6,8E+5 7,3E+6 5,0E+6 6,5E+3
Sb-122   501   498   970 1,2E+3 6,7E+5 7,6E+4 1,7E+4 3,3E+4   498
Sb-124   145   144   322   421 1,6E+5 1,9E+4 4,4E+3 8,3E+3   144
Sb-125   536   535 1,1E+3 1,4E+3 4,0E+5 5,5E+4 1,7E+4 3,2E+4   535
Sb-126   94   93   211   280 1,2E+5 1,3E+4 2,8E+3 5,3E+3   93
Sc-44   124   123   277   369 1,7E+5 1,8E+4 3,7E+3 7,0E+3   123
Sc-46   135   134   310   413 1,4E+5 1,7E+4 3,9E+3 7,5E+3   134
Sc-47 2,0E+3 2,0E+3 3,6E+3 4,2E+3 2,3E+6 2,9E+5 7,5E+4 1,4E+5 2,0E+3
Sc-48   83   82   190   257 1,1E+5 1,1E+4 2,4E+3 4,6E+3   82
Se-75   603   599 1,2E+3 1,4E+3 7,8E+5 9,0E+4 2,0E+4 3,9E+4   599
Se-79 2,5E+3 2,9E+3 2,9E+3 2,9E+3 4,2E+6 8,6E+5 9,3E+6 6,3E+6 2,5E+3
Si-31 5,3E+3 5,4E+3 5,4E+3 5,4E+3 5,5E+7 1,0E+7 8,7E+6 1,5E+7 5,3E+3
Si-32 1,1E+3 4,5E+3 4,9E+3 4,6E+3 2,7E+5 5,6E+4 6,0E+5 4,1E+5 1,1E+3

Sm-145 3,1E+3 3,1E+3 6,8E+3 8,5E+3 1,7E+6 2,6E+5 9,3E+4 1,7E+5 3,1E+3
Sm-147  2,2   25   33   27   485   99 1,1E+3   723  2,2
Sm-151 5,1E+3 4,0E+4 4,8E+4 4,3E+4 1,2E+6 2,4E+5 2,6E+6 1,7E+6 5,1E+3
Sm-153 2,4E+3 2,4E+3 3,6E+3 3,9E+3 3,1E+6 4,1E+5 1,2E+5 2,2E+5 2,4E+3
Sn-113   849   845 1,9E+3 2,4E+3 7,0E+5 9,3E+4 2,6E+4 4,9E+4   845

Sn-117m 1,2E+3 1,2E+3 1,9E+3 2,1E+3 1,0E+6 1,5E+5 4,9E+4 9,2E+4 1,2E+3
Sn-119m 4,3E+3 6,7E+3 8,8E+3 9,0E+3 1,9E+6 3,6E+5 4,4E+5 7,2E+5 4,3E+3
Sn-121m 3,0E+3 7,5E+3 8,3E+3 8,2E+3 9,8E+5 1,9E+5 7,4E+5 8,8E+5 3,0E+3
Sn-123 1,1E+3 1,8E+3 1,8E+3 1,8E+3 5,7E+5 1,1E+5 6,0E+5 6,2E+5 1,1E+3
Sn-125   617   616 1,0E+3 1,1E+3 6,7E+5 9,1E+4 2,6E+4 5,0E+4   616
Sn-126   456 1,0E+3 1,2E+3 1,2E+3 1,6E+5 3,2E+4 9,7E+4 1,2E+5   456
Sr-82 1,4E+3 1,6E+3 1,6E+3 1,6E+3 2,2E+6 4,5E+5 4,9E+6 3,3E+6 1,4E+3
Sr-85   503   499 1,1E+3 1,5E+3 6,4E+5 7,0E+4 1,5E+4 2,8E+4   499

Sr-85m 1,3E+3 1,3E+3 3,0E+3 4,1E+3 1,7E+6 1,8E+5 3,7E+4 7,1E+4 1,3E+3
Sr-87m   818   811 1,9E+3 2,5E+3 1,1E+6 1,2E+5 2,4E+4 4,6E+4   811
Sr-89 2,0E+3 2,2E+3 2,2E+3 2,2E+3 4,6E+6 9,4E+5 8,7E+6 6,5E+6 2,0E+3
Sr-90   216   288   290   289 1,8E+5 3,7E+4 4,0E+5 2,7E+5   216
Sr-91   365   362   770   989 5,1E+5 5,5E+4 1,1E+4 2,2E+4   362
Sr-92   177   175   403   540 2,3E+5 2,5E+4 5,2E+3 9,9E+3   175
H-3 1,6E+5 2,3E+5 2,3E+5 2,3E+5 1,0E+8 2,1E+7 2,3E+8 1,5E+8 1,6E+5

Ta-178-l   263   261   617   843 3,4E+5 3,7E+4 7,5E+3 1,4E+4   261
Ta-179 7,7E+3 7,6E+3 1,7E+4 2,2E+4 7,1E+6 8,9E+5 2,3E+5 4,4E+5 7,6E+3
Ta-182   207   206   463   602 2,0E+5 2,4E+4 6,2E+3 1,2E+4   206
Tb-157 1,4E+4 4,0E+4 7,2E+4 7,4E+4 3,7E+6 7,1E+5 1,3E+6 1,9E+6 1,4E+4
Tb-158   215   305   668   766 8,3E+4 1,4E+4 9,4E+3 1,7E+4   215
Tb-160   239   238   525   676 2,2E+5 2,8E+4 7,3E+3 1,4E+4   238
Tc-95m   373   370   854 1,1E+3 4,6E+5 5,0E+4 1,1E+4 2,1E+4   370
Tc-96   106   105   243   327 1,4E+5 1,5E+4 3,1E+3 5,9E+3   105

Tc-96m   107   106   251   342 1,4E+5 1,5E+4 3,1E+3 5,9E+3   106
Tc-97 1,5E+4 1,5E+4 3,0E+4 3,6E+4 1,1E+7 1,5E+6 4,8E+5 9,1E+5 1,5E+4

Tc-97m 3,4E+3 6,4E+3 7,9E+3 7,9E+3 1,4E+6 2,7E+5 5,0E+5 7,4E+5 3,4E+3
Tc-98   177   176   381   487 1,7E+5 2,2E+4 5,4E+3 1,0E+4   176
Tc-99 3,6E+3 1,0E+4 1,1E+4 1,1E+4 1,2E+6 2,4E+5 2,6E+6 1,7E+6 3,6E+3

Tc-99m 2,3E+3 2,2E+3 5,2E+3 7,1E+3 2,9E+6 3,1E+5 6,5E+4 1,2E+5 2,2E+3
Te-121   445   441 1,0E+3 1,4E+3 5,6E+5 6,1E+4 1,3E+4 2,5E+4   441

Te-121m   946   959 1,8E+3 2,0E+3 6,6E+5 9,8E+4 3,5E+4 6,6E+4   946
Te-123m 1,3E+3 1,4E+3 2,5E+3 2,9E+3 7,9E+5 1,2E+5 5,2E+4 9,6E+4 1,3E+3  



Derived Level Workers [Bq/cm²] Derived Level Public [Bq/cm²]
Nuclide W-SM W-SR W-LR W-FF P-SM P-SR P-LR P-FF Overall Min.  

Te-125m 2,3E+3 3,1E+3 4,8E+3 5,1E+3 1,1E+6 2,0E+5 1,5E+5 2,6E+5 2,3E+3
Te-127 7,7E+3 7,8E+3 8,5E+3 8,6E+3 2,4E+7 3,7E+6 1,5E+6 2,9E+6 7,7E+3

Te-127m 1,4E+3 2,7E+3 3,1E+3 3,1E+3 6,0E+5 1,2E+5 2,9E+5 4,0E+5 1,4E+3
Te-129 2,5E+3 2,5E+3 3,7E+3 4,0E+3 5,6E+6 6,1E+5 1,3E+5 2,5E+5 2,5E+3

Te-129m 1,1E+3 1,4E+3 1,9E+3 2,0E+3 6,1E+5 1,1E+5 9,0E+4 1,6E+5 1,1E+3
Te-131m   106   106   186   217 1,4E+5 1,7E+4 4,1E+3 7,8E+3   106
Te-132   103   103   232   308 1,3E+5 1,4E+4 3,1E+3 5,9E+3   103
Th-227  2,1   25   35   28   465   95 1,0E+3   690  2,1
Th-228  0,5   5   7   6   108   22   229   159  0,5
Th-229  0,3  2,9  3,8  3,2   59   12   131   89  0,3
Th-230  1,5   14   17   15   332   68   733   495  1,5
Th-231 8,1E+3 8,2E+3 1,1E+4 1,2E+4 8,8E+6 1,3E+6 4,9E+5 9,2E+5 8,1E+3
Th-232  0,9   9   11   10   186   38   410   277  0,9
Th-nat  0,3  2,6  3,3  2,9   66   13   139   97  0,3
Th-234 1,0E+3 1,6E+3 1,7E+3 1,6E+3 5,9E+5 1,2E+5 3,1E+5 4,2E+5 1,0E+3
Ti-44   111   111   244   305 6,5E+4 9,6E+3 3,4E+3 6,3E+3   111
Tl-200   211   209   497   680 2,7E+5 2,9E+4 6,0E+3 1,2E+4   209
Tl-201 2,9E+3 2,9E+3 6,4E+3 8,5E+3 3,9E+6 4,2E+5 8,8E+4 1,7E+5 2,9E+3
Tl-202   559   554 1,3E+3 1,7E+3 7,3E+5 7,8E+4 1,6E+4 3,1E+4   554
Tl-204 3,8E+3 4,1E+3 4,2E+3 4,2E+3 1,2E+7 2,3E+6 5,7E+6 7,9E+6 3,8E+3

Tm-167 1,3E+3 1,3E+3 2,3E+3 2,6E+3 1,5E+6 2,0E+5 5,2E+4 9,8E+4 1,3E+3
Tm-170 1,7E+3 3,5E+3 3,6E+3 3,6E+3 6,6E+5 1,3E+5 7,3E+5 7,3E+5 1,7E+3
Tm-171 1,2E+4 4,8E+4 5,2E+4 5,0E+4 3,3E+6 6,7E+5 4,4E+6 4,0E+6 1,2E+4
U-230  1,3   15   21   17   290   59   638   432  1,3
U-232  0,3  3,0  3,9  3,3   61   12   132   91  0,3
U-233  2,3   25   33   28   485   99 1,1E+3   723  2,3
U-234  2,3   26   34   28   495   101 1,1E+3   738  2,3
U-235  2,6   28   37   31   547   111 1,2E+3   809  2,6
U-236  2,5   28   37   31   535   109 1,2E+3   797  2,5
U-238  2,7   29   39   32   581   118 1,3E+3   865  2,7
U-nat  0,5  3,4  3,9  3,6   119   24   248   173  0,5
V-48   93   92   209   278 1,2E+5 1,3E+4 2,7E+3 5,2E+3   92
V-49 2,6E+5 4,1E+5 4,1E+5 4,1E+5 1,4E+8 2,8E+7 3,0E+8 2,0E+8 2,6E+5

W-178 2,2E+3 2,1E+3 4,8E+3 6,4E+3 2,8E+6 3,1E+5 6,4E+4 1,2E+5 2,1E+3
W-181 6,2E+3 6,2E+3 1,4E+4 1,8E+4 8,2E+6 8,9E+5 1,9E+5 3,6E+5 6,2E+3
W-185 9,8E+3 1,0E+4 1,1E+4 1,0E+4 3,9E+7 7,8E+6 6,7E+7 5,3E+7 9,8E+3
W-187   512   508 1,1E+3 1,4E+3 7,1E+5 7,7E+4 1,6E+4 3,1E+4   508
W-188 1,4E+3 1,4E+3 1,7E+3 1,7E+3 2,5E+6 3,7E+5 1,3E+5 2,5E+5 1,4E+3
Y-87   336   333   778 1,1E+3 4,3E+5 4,6E+4 9,7E+3 1,9E+4   333
Y-88   110   109   256   347 1,3E+5 1,4E+4 3,1E+3 6,0E+3   109
Y-90 1,8E+3 2,0E+3 2,0E+3 2,0E+3 3,3E+6 6,8E+5 7,3E+6 5,0E+6 1,8E+3
Y-91 1,3E+3 2,2E+3 2,2E+3 2,2E+3 6,5E+5 1,3E+5 8,8E+5 8,0E+5 1,3E+3

Y-91m   500   495 1,2E+3 1,6E+3 6,5E+5 6,9E+4 1,4E+4 2,7E+4   495
Y-92   637   634   952 1,1E+3 1,4E+6 1,5E+5 3,2E+4 6,0E+4   634
Y-93 1,3E+3 1,3E+3 1,7E+3 1,8E+3 3,1E+6 3,8E+5 9,3E+4 1,8E+5 1,3E+3

Yb-169   746   743 1,5E+3 1,9E+3 7,0E+5 9,1E+4 2,4E+4 4,6E+4   743
Yb-175 4,1E+3 4,1E+3 6,4E+3 7,0E+3 4,0E+6 5,7E+5 1,9E+5 3,6E+5 4,1E+3
Zn-65   406   404   792   967 5,0E+5 5,9E+4 1,4E+4 2,6E+4   404
Zn-69 8,3E+3 8,4E+3 8,4E+3 8,4E+3 1,7E+8 3,4E+7 2,8E+8 2,2E+8 8,3E+3

Zn-69m   622   617 1,4E+3 1,9E+3 7,9E+5 8,6E+4 1,8E+4 3,5E+4   617
Zr-88   676   672 1,6E+3 2,1E+3 6,0E+5 7,6E+4 2,0E+4 3,7E+4   672
Zr-93 2,0E+3 1,4E+4 1,6E+4 1,5E+4 4,7E+5 9,5E+4 1,0E+6 6,9E+5 2,0E+3
Zr-95   348   346   783 1,0E+3 3,2E+5 4,0E+4 1,0E+4 2,0E+4   346
Zr-97   164   163   356   464 2,2E+5 2,4E+4 5,0E+3 9,6E+3   163  
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Abstract 
In this paper we present a method of combining results from gamma scanning equipment with a 3D dose 
simulation tool with the aim to achieve a reliable dose characterisation of the work site in order to 
perform dose assessment and optimisation for work planned in the area. 
A first step in any ALARA pre-job study is the radiological characterisation of the work site. 
Traditionally this is done based on 4π dose measurement and spectral analysis of sweeps or samples taken 
from the site. This method can be very tedious and dose intensive especially in complex geometries. In 
recent years equipment such as gamma cameras and gamma scanners started to appear on the market 
enabling a remote localisation of source positions and geometry. We will show how the data of the 
gamma scanning can be analysed with a 3D dose assessment tool in order to achieve a reliable source 
model for the work environment and how the source and geometry modelling information can be used in 
the dose optimisation problems. 
 
1. Introduction 
 
Planning activities in an irradiating environment involves the technical analysis of the work but also the 
assessment and optimisation of the occupational dose in order to comply with the ALARA requirements.  
This is a complex task requiring the treatment of data going from source strengths, shielding, site 
geometry, work duration to even the distribution of the work force. Optimizing the dose also means that 
different work scenarios should be compared to select the one being a good compromise between effort 
(financial, technical...) and dose reduction. Therefore, a need exists for a tool to simulate the different 
planned activities in order to evaluate the dose prior to the operation. In order to do so SCK•CEN 
developed the VISIPLAN 3D ALARA planning tool to assist the ALARA analyst in the field of dose 
assessment and optimization [1]. The tool allows making a dose assessment in a 3D environment based 
on a point-kernel calculation corrected with an infinite media build-up factor. VISIPLAN has in the past 
years proven to be a valuable tool for the ALARA analyst [2-6].  
The aim in the pre-job study is to establish an adequate radio-geometrical model of the site enabling a 
good dose calculation for the work. With adequate we mean a model with a level of detail suited for both 
calculation speed and required accuracy for the dose assessment in the field of radiation protection. 
However before any calculations can start we need to gather information on the geometry, materials and 
sources present on the site. A major part of the geometry and material information can be found in the 
technical descriptions and plans of a site. In some cases there exists the need to re-measure the positions 
and dimension of some infrastructures because they where not build according to plan or they were 
adapted during the lifetime of the site. In those cases we can resort to techniques like laser scanning to 
establish relatively quickly an as build plan in a 3D CAD format.  
The radiological characterisation of a site is more difficult to achieve. Traditionally this is done using a 
set of 4π dose measurement at different positions of the site together with spectroscopic analysis of 
sweeps or samples taken from the sources. This method can be very tedious and dose consuming for 
complex industrial environments, especially if little information is available on the geometric extend and 
exact position of the sources. The dose rate map established by direct measurement can be used to assess 
the dose, under the condition that the radiation field does not change during the operation as a 
consequence of geometry changes or source removals. When we want to predict doses in changing work 
environments we need to establish the information on source location, source strength and source 
composition. Sometimes it is possible to derive the source position, composition and geometry from the 
analysis of the technical data of the plant. Source strengths can then be derived by fitting the calculated 
dose rates to the measured dose rates; a technique applied in the source fitting routine available in 
VISIPLAN (Fig. 1.). This is a practical method but can in some cases lead to missing the contribution of 
some hot spots that where difficult to measure due to geometric restrictions (difficult to access with the 
dose measurement device).  



 
 
 

ig. 1. Example of a source strength assessment based on the dose measurements distributed over the site 
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will give a short description of the gamma scanning equipment used and introduce the method 

. Gamma scanning and gamma scan interpretation 

he method to interpret gamma scans is based on the application of the EDR-scanner develop by 

t part concentrates on the visual 

 determine the isotope vector important for the 
dose assessment. The isotope vector data can be further enriched by introducing data obtained through 
spectroscopy on samples taken from the content of certain volumes. 

(a) (b) (c)

 
F
(a). The positions of the main sources (in red) are derived from the technical data of the site (b). The 
source strengths are determined by fitting calculated dose rates to the measured dose rates and can the
used to determine the dose rates at different positions in the work area (c) (dose rates expressed in 
mSv/h). 
 
In
market enabling an easier, remote localization of sources or hot spot on a site. In this paper we show how 
these devices can help in the characterisation of a site and can help to establish an adequate radio-
geometrical model of the work place. This is demonstrated on an application in an industrial environment. 
Part of the work presented here was performed as part of the VRIMOR European 5th framework program 
on "Virtual Reality for Inspection, Maintenance, Operation and Repair" where the viability of the 
integration of different technologies like gamma scanning, geometrical scanning, radio-geometrical 
modelling and human motion simulation were explored [7-8]. The results presented here concentrate on 
the radiological modelling aspects of the work, especially on the interpretation of gamma scanning 
results.  
First we 
we developed to analyse the gamma scan with VISIPLAN. Finally we demonstrate the method in the 
characterisation of an industrial environment at a nuclear power plant. 
 
2
 
T
CIEMAT (Spain) [7-8]. The scanner integrates three sensors, a collimated gamma detector a video 
camera and a laser distance meter. The gamma detector is a Cs(Tl) crystal coupled to a photodiode with 
an energy threshold in the 150-200 keV range. The detector is located in a stainless steel housing with a 
lead shielding as can be seen in figure 2. The effective shielding is about 5 cm lead with a higher 
shielding value in the area surrounding the collimator opening. The collimator aperture used for the 
measurement is ±4°. The whole system is mounted on a pan and tilt platform enabling an automatic scan 
of the area. Spectra are measured in the different detection directions and stored in a 25 energy bin format 
together with the collimator direction and the distance to the measured object. A special interface was 
developed to transfer and display the measured results in VISIPLAN. 
The interpretation of the gamma scans involves two parts. A firs
interpretation of the scans, overlay images are used in order to determine the position of hotspots or the 
geometry of the sources. It is recommended that a series of scans are taken from different positions on the 
site. This enables to determine source positions using triangulation and reduces the risk of associating a 
source to the wrong object.  This analysis leads to a first suggestion for the source distribution of the site. 
The model is then confronted with the available technical data of the site in order to qualitatively check 
that the proposed source distribution is a good candidate. 
The spectroscopic capabilities of the scanner are used to
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Once the source geometry is established we can perform a quantitative analysis of the scans. This mean
that we will try to determine the source
m
In order to do this we need to establish a relationship between the effective dose at the detector position 
and the response of the detector to this dose. This can be done by determining the response of the scanner 
for different dete
energy En. This will establish a relationship between the Instrument dose rate "IDR" and the effective 
dose rate at the instruments position for a gamma source emitting at energy En. Taking into account the 
axial geometry of the scanner we can define the instrument response function depending on then energy 
En and on the angle µ (Fig. 2.). The relationship between the instrument and the effective dose rate is 
given as: 
 

IDREnEµEn =)().,(ε
 
a
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ctional sensitivity of the 

enough to 
the detector position. The derived dose rate response function is the basis for the source strength 
evaluation method used in VISIPLAN-VISIGAMMA.  
The source strengths are determined by fitting the simulated gamma scan expressed in IDR-values to the 
measured one. The simulated scan is calculated taking into account the geometry, material and source 
information in the model and the energy dependent 
scanner. 
This methodology was first tested in the laboratory, in a controlled environment consisting of two well 
known sources. The method performed well and was able to determine the source strengths within 20 and 
30%. 

 



3. Demonstration of the method in an industrial environment 
 

A demonstration of the method was performed within the VRIMOR project. The industrial area selected 
is part of the auxiliary building of Almaraz Nuclear Power Plant (Spain) [8]. 
A geometric scan of the area was performed by Z+F Ltd using their "Imager 5003" laser scanner. A CAD 
model was created based on the measurements and then transferred to a VISIPLAN model including 
material information. The materials data associated to the volumes were gathered on-site by Tecnatom. 
The geometric scan was followed by the gamma scanning campaign performed by the CIEMAT team. 
The distance and orientation data of the EDR-scanner are fitted to data of the geometry scan in order to 
determine the EDR position in the CAD, respectively the VISIPLAN model.   
The results of the geometric scan and the model derived from it in VISIPLAN are given in figure 3.  
Two gamma scans were used in the radiological characterisation of the site, their positions are also shown 
in figure 3. The overlay images of the scans are given in figure 4.  

 

Scan position 1

Scan position 2

Drain pipe shielded
with lead

Position of a hot 
spot confirmed in 
the two scans

 
 
Fig. 3. VISIPLAN model of the site geometry indicating the position of the gamma scanner during 
the two scans. 

 

. 
Fig. 4. Gamma scan intensity overlay image taken from two scanning positions (red indicates higher 
gamma intensity). 
 

A hot spot can be seen at the tube with the end flange. The position of the hot spot is confirmed in the 
second scan taken from another position. The spectral analysis of the measurements suggests that Co-60 
is the pre-dominant isotope, so it was decided to continue the analysis with Co-60 equivalent sources. 
A first attempt to simulate the scans using one source, positioned at the hot spot, failed and leads us to 
further analyse the technical data of the site. The technical information gathered by Tecnatom suggests 
simulating the area using the source distribution presented in figure 5. Three cylindrical volumes are used 
representing the source A, B and C in the tubes. This model proved to be more realistic and could account 



for the high background detected in the gamma scanner signal. Based on this model we determined the 
source strength of the A, B and C sources (fig. 5.). A good agreement was now found between the 
simulated and the measured gamma scans. 
Once the source strengths determined we calculated the dose in the area with the VISIPLAN tool and 
compared the calculated dose rates with the dose rates measured on site (fig. 6). An agreement was found 
within 20 to 30 %, a good agreement considering the accuracy of the point-kernel calculation method 
used in VISIPLAN and the gamma scan calibration method proposed for the gamma scan interpretation. 
It is interesting to notice that the direct viewing of the scans would lead us to believe that only one 
important source (source A) is present in the scene. However the detailed analysis using the 3D model in 
VISIPLAN showed that the drain pipes B and C are also major contributors to the dose. Source B lays 
only partly in the field of view of the scans and source C is outside the field of view but they account for 
the high background detected in the scans. This analysis was only possible because we performed a 
thorough calibration of the gamma scanner in all directions and could account for the contribution of 
source B and C to the signal. 
 

 
 
Fig 5. Simplified model of the area including the source distribution derived from the analysis of the 

scans and the technical data of the site. 

 
Fig. 6. Dose rate map calculated in two planes of the area using the VISIPLAN tool. 

 



Conclusion 
 
The standard radiological characterisation of a site can now be augmented by using devices such as 
gamma scanning in order to determine source positions, source geometry and source composition. Hot 
spots that could be missed by traditional methods can now be picked up through the gamma scanning.  
A thorough 4π calibration of the gamma scanner combined with the use of a radio-geometrical model 
makes it possible to perform a quantitative analysis of the source strengths leading to an adequate radio-
geometrical  model of the site that can be used in dose assessments and optimisation for work planned in 
irradiating environments. 
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Lyon, France, 24-26 March 2004 

Conclusions and recommendations from the 4th European ISOE 
Workshop on Occupational Exposure Management at Nuclear 
Power Plants 

 

This information sheet summarizes the main conclusions and recommendations from the 4th 
European ISOE Workshop on Occupational Exposure Management at Nuclear Power Plants, held in 
Lyon, France, 24-26 March 2004. It also gives some excerpts from a few presentations. 

Introduction 

The European ISOE Technical Centre co-organised with the International Atomic Energy Agency, 
the Fourth European ISOE Workshop on Occupational Exposure at Nuclear Power Plants in March 
2004, at Lyon, France. 190 participants from 26 countries, European (all countries from western 
and central Europe with nuclear power plants) American (Canada and United States) and Asian 
(China, Japan, Korea) attended the meeting with a good balance between utilities, regulatory 
bodies and contractors. The IAEA supported participants from Central and Eastern European 
countries as well as from Eastern Asia. The workshop allowed 35 oral presentations and 28 posters 
presentations to be provided. A very informative exhibition was held by vendors and allowed 
participants to know more about their products during the coffee-breaks. All participants were split 
into small groups devoted to 10 pre-selected themes. Each group met twice and reached 
recommendations. 

Five main recommendations were agreed on by the participants: 

1. There is a need for harmonising regulations in order to maintain a high status of 
radiological protection at an international level in a deregulated context;  

2. The regulatory bodies should also harmonise the contents of training, particularly in the 
context of workforce ageing;  

3. The international organisations and regulatory bodies should take the lead to harmonise at 
the international level a dose passport for itinerant workers;  

4. Radiological protection indicators should be selected to help in optimising doses, provide 
indication for continuous improvement, estimate the effectiveness of radiological protection 
departments, provide means for benchmarking, create consistency between sites;  

5. The radiological protection teams should increase their assistance “patrols” at workplaces. 

For the first time, two specific meetings have preceded the workshop: 

• one for the radiological protection managers from the NPPs; 30 participants attended that 
meeting;  

• one for the senior representatives of the authorities; two topics were discussed there, the 
management of outside workers and the use of ISOE by the regulatory bodies.  



Conclusions and recommendations from the Workshop 

A specific session on the radiological protection at the design stage of installations was mainly 
devoted to the new pressurised water reactor EPR. The Finish operator (TVO) and regulatory body 
(STUK) described their expectations in terms of occupational radiological protection. EDF, the 
French operator set-up a reasonable target of not exceeding 0.5 man.Sv per year (averaged for the 
life time of the reactor). 
 
For the small group discussions, the participants as topics of interest particularly selected two 
topics: 

• The setting up of radiological protection indicators (evaluation of the ALARA criteria)  
• The needs in education and training in radiological protection  

The first was already one of the most selected topics at Portoroz (3rd European ISOE workshop in 
2002) showing the growing importance of management of radiological protection and efficiency 
aspects in deregulated markets. The impact of deregulation was raised for the first time in 1998 at 
Malmö (first European ISOE Workshop) 
 
The other topics for work in small groups were all selected by quite a number of participants and 
dealt with “Workers involvement and awareness”, “Impact of deregulation”, “Plant self assessment 
programs”, “Occupational exposure in case of emergency”, “Management of itinerant workers” and 
“Loss of knowledge”. 

Setting up of radiological protection 
indicators 

 Recommendations 

In the context of competition, the setting up 
of goals and radiological protection indicators 
appears to the participants to be a very 
important management tool. These tools are 
more and more often used in the plants. 
Their goals must be measurable, realistic 
and challenging. They must be 
communicated to all stakeholders. The 
radiological protection specialists according 
to goals set up by the management may 
propose them. They should be then 
discussed with regulatory body. Deviations 
from the goals should require post job 
reviews. 

 

Radiological protection indicators should be 
selected to help in optimising doses, provide 
indication for continuous improvement, 
estimate the effectiveness of radiological 
protection departments, provide means for 
benchmarking, create consistency between 
sites. 

Needs in education and training in 
radiological protection 

 Recommendations 

The participants pointed out the 
discrepancies between countries in terms of 
training both at initial and refreshing levels 
and the need for harmonisation. They 
stressed on the one hand the ageing of 
skilled workers as well as on the other hand 
the fact that many workers are well trained 
and committed to dose reduction. They also 
stressed the need for practical more than 
theoretical training, as experience appears 
often as important as training in achieving 
workers’ involvement and awareness. 

 

The regulatory bodies should harmonise the 
contents of training; 
 
The management should check and 
supervise regularly the implementation of 
training; 
 
The training courses should comprise 
practical exercises, use of mock up and 
awareness packages adapted to tasks and 
risks. 

Deregulation and radiological protection  Recommendations 

The problem of the impact of deregulation on 
radiological protection was raised for the first 

 
The regulatory bodies should pay more 
attention to the deregulation process and 



time at Malmö in 1998 (first EC/ISOE 
Workshop). At that time, it appeared not to 
be a real concern. Two years later in 2000 at 
Tarragona (second European ISOE 
Workshop), the deregulation appeared 
clearly as a real challenge for the future for 
radiological protection. It led to a 
recommendation from the participants: "To 
consider new "Radiation Protection" 
management techniques to avoid the 
potential negative impacts of deregulation on 
exposures, while keeping radiation protection 
independent from operation and 
maintenance of the plant". 
 
The Lyon workshop confirmed what 
appeared for the first time at Portoroz, an 
“important reduction in radiological 
protection staff sizing, and loss of 
skilfulness”. The present radiological 
protection specialists gave then warnings 
and recommendations. 

negotiate with NPPs the minimum number of 
radiological protection and safety staff 
allowing to maintain a high status of 
radiological protection and ALARA; 
 
There is a need for harmonising regulations 
in order to maintain a high status of 
radiological protection at an international 
level in a deregulated context; 
 
The management should pay more attention 
to keep the quality of their contractors work 
through training and work management. 

Other recommendations from the 
groups 

 Recommendations 

The other working groups made 
recommendations endorsed by the 
participants to the workshop.  

 

The international organisations and 
regulatory bodies take the lead to 
harmonise at the international level a dose 
passport; 
 
The radiological protection teams increase 
their assistance “patrols” at workplaces; 
 
Management and governments should 
recognise the ageing of workforce in NPPs 
and favour closer links with universities, 
personnel development plans, and adequate 
budget for long-term workforce 
replacement. 

Distinguished papers excerpts 

Three technical presentations were distinguished and invited to make their presentation in 2005 at 
the Miami ISOE North American international ALARA symposium in the United States of America. 
These papers were dealing with both technical and managerial problems and proposed very 
practical solutions: 
 
“Advantages of combining gamma scanning techniques and 3D dose simulation in dose 
optimisation problems”; F. Vermeersch, SCK•CEN Mol, Belgium 
 
This paper presents a method of combining results from gamma scanning equipment with a 3D 
dose simulation tool with the aim to achieving a reliable dose characterisation of the work site in 
order to perform dose assessment and optimisation for work planned in the area. The gamma 
scanning allows determining source positions, source geometry and sourcing composition. Hot 
spots that could be missed by traditional methods can be picked up. The combination of the 
gamma scanning and the radio-geometrical model makes it possible to perform a quantitative 
analysis of the source strengths leading to adapted dose assessments and optimisation. 



 
Figure. VISIPLAN model of the site geometry indicating the position of the gamma 
scanner during the two scans 

“Recent International Developments on Contamination Limits on Packages”; J. Hesse, RWE Power, 
Germany / B. Lorenz, GNS, Germany

This paper presents the results of the IAEA Co-
ordinated Research Project (CRP) on the 
Radiological Aspects of Package and 
Conveyance of Non-Fixed Contamination. One 
of the major tasks of the CRP has been from 
2001 to 2003 to develop a new model for 
contamination limits for the Transport of 
radioactive material. This model to calculate 
doses from non-fixed surface is described in the 
presentation. 

 

It takes care of the types of radionuclides, the 
types of packages, the realistic description of 
tasks during a transport, the different 
exposure pathways and the possible 
exposures of workers and the public. The 
results of the model are presented in Bq/cm2 
corresponding for each nuclide to dose 
constraints of 2 mSv/year for the workers 
and 0.3 mSv/year for the public. 

 

Table. Final results (part of the complete table) for surface contamination levels in Bq/cm2

 

 

“ALARA versus Reactor Safety concern - a practical case”; S. Hennigor, B. Ögren, Forsmark NPP, 
Sweden



 
Figure. The problem area on the upper part of the steam dryer 

This presentation is a very practical one describing the modification of the moist separator (upper 
part of the steam dryer) at Forsmark BWR that took place in 2003 due to cracks. It describes the 
preparation of the work as well as its implementation and results (165.5 man mSv and maximum 
individual dose of 10.3 mSv). It points out that such type of work should be prepared at least one 
year ahead to collecting appropriate dose rate data, making a formal and comprehensive risk 
assessment and performing real optimisation with the contractor. It stressed the role of training on 
mock-up and the need of establishing follow-up meetings and radiological check-points with pre 
defined alternate actions. 

Conclusion 

The success of this Workshop is largely due to the important organisational support from EDF in 
particular in providing the translation from English to French and French to English, while 
FRAMATOME and COGEMA Logistics provided the other translations from German and Spanish to 
English. 

Many other papers proposed important and interesting conclusions and feedback experience 
analysis. Most of them, including PowerPoint slides (depending on the agreement of the author), 
are available on Programme and downloadable papers
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1- Introduction 
 
The goal of this paper is to precise the behaviour of different radiochemical species in the primary coolant of 
PWR plants. Managing these pollutants must lead to limit Reactor Coolant System (RCS) walls “over-
contamination” to decrease the dose rates during the maintenance operations (ALARA). 
 
In French Plants, Co 60, silver and antimony represent the major radiochemical pollutants which require a 
good knowledge of the different phenomena to ensure the lowest contamination risks. 
The stakes deal with the control and the optimization of collective and individual doses including waste 
treatment with low costs. These stakes represent primordial elements of nuclear acceptability. 
 
2- Normal contamination of circuits 
 
In French PWR plants : 

− More than 90% of integrated doses are due to contaminated walls in contact with the primary 
coolant because of activated corrosion products. 

− 80% of total dosimetry are integrated during outages. 
 
In the absence of specific pollution, the mean contribution of out of core deposits to dose rates is as follows 
(results expressed as percentage equivalent dose rates in Sv/h) : 

 
− Co 60 = 50% (the older the plant, the greater the Co 60 quantity); 
− Co 58 = 30% (with a higher level in 1300 MW units); 
− Ag 110m + Sb 124 + Cr 51 + ... = 10%. 

 
Usual contaminants come mostly from materials/coolant interactions leading to soluble, particulate, colloidal 
products transport and corrosion products activation (table 1). 
 

Nuclides / 
Half-life 

Gamma energy 
keV (% emission) 

Beta energy   
 keV (% emission ) 

Co58 / 71 days  811 (100%)  
Co60 / 5.3 years 1173 (100%)  

1333 (100%) 
318 (100%) 

Ag110m / 253 d 658 (100%) 
885 (80%) 

86 (55%) 
 

Sb124  / 60 d 603 (98%) 610 (51%) 
Sb122 / 2.7 d 564 (66%) 1400 (63%) 

Table 1: Gamma and beta energies and emission percentage (> 50%) of major pollutant nuclides  
 
The dose rates can increase in case of more important corrosion products transport [1] or of incidental 
pollution. In the latter case, the ratio of species contributing to dose rates is modified. 
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3 - Incidental over-contamination 
 
The major pollutants responsible for over-contamination in EDF plants are : 

− Co 60 coming from stellite degradation ; 
− Ag 110 m coming from control rod perforation and probably  from materials like seals ; 
− Sb 122 / Sb 124 coming from pumps of auxiliary system. 

 
Given the importance of over-contamination with respect to dosimetry, representing 10 to 30 % of outages 
dosimetry in the concerned units, a specific program is being set up in France, in the context of the ALARA 
project. The goal is to optimize diagnosis, surveillance, prevention and remedies to reduce pollutions even 
though priority is set on prevention. 
 
3.1 – Cobalt  60 contamination – “hot spots” 
 
3.1.1 – Hot spots sources 
In most cases, hot spots are due to particles of cobalt activated by a neutron flux (Co 60) mainly from hard 
facing surfaces equipments (stellite, rich in cobalt) in the RCS (valves, pumps, internals, etc.). 
 
3.1.2 – Impact on dosimetry 
The contribution of hot spots to shutdown dosimetry may appear to be marginal in French PWR reactors 
(2 to 4 %), but becomes more significant (15 to 25 %) for the units affected. This excess dosimetry has to be 
taken into account, particularly for the most exposed workers. Approximately ten French PWR units have 
been affected by this phenomenon over the last 15 years [2].  
 
3.1.3 – Hot spots behaviour - Indicators 
Surveillance is designed to inform the site as early as possible, of the presence of hot spots (mapping) in 
order to take the appropriate measures to prevent their propagation and/or to eradicate them. 
During unit operation, most hot spots will remain fixed to the fuel. Others may fall, by gravity, to the bottom 
of the pool or the low points of the primary coolant system or be trapped in the special devices. 
The most common locations are as follows: 

− Thermal sleeves of the pressuriser 
− Steam generator packing glands 
− Valves of the primary cooling system. 
− etc. 

 
After connection of the Residual Heat Removal System (RHRS), some hot spots may migrate into this circuit 
and be deposited or fixed. The most common locations are: the pumps, heat exchangers and valves of the 
circuit. 
An underwater pool cleaner should pass through the pool out after discharging. In this case, particularly high 
equivalent dose rates, equal to or greater than 1 Sv per hour, measured in contact with the filters, represent 
the last indicator of the possible presence of hot spots, before draining of the pools. 
 
Since no warning signs have been identified yet, to indicate the occurrence of hot spots, it was decided to 
concentrate on preventive filtering, trapping hot spots as close as possible to their source to eliminate them. 
 
3.1.4 – Preventive strategy 
Stellite limitation 
It concerns all the units by performing the following actions: 

− limiting the use of cobalt based components in contact with the primary coolant  ;  
− removing stellite particles produced during some maintenance operations (e.g. lapping).  

 
Preventive filtration with specific devices 
The simplified diagram below illustrates the principles of the preventive filtration methods which are 
proposed (Fig. 1). It consists on the filtration of all the effluents which could transport hot spots outside the 
Reactor Building. 

 



Portoroz Workshop – Session 2 – Rocher – 3/7 

R C S /
R H R S P O O L S

N I V D S
T A N K

N I V D S
S U M P

N U C L E A R A U X I L I A R I E S

P R E V E N T I V E  A C T I O N  N ° 2  :
F I L T R A T I O N  O F  N I V D S

P R I M A R Y  S I D E

P R E V E N T I V E  A C T I O N  N °  3  :
F I L T R A T I O N  O F

P O O L  D R A I N  L I N E S

P R E V E N T I V E
A C T I O N  N °  1  :

F I L T R A T I O N  O F
P O O L  B O T T O M S

R E A C T O R  C O N T A I N M E N T

F U E L  P O O L
C O O L I N G  A N D
P U R I F I C A T I O N

 S Y S T E M

 
Fig. 1: Preventive filtration methods 

 
The drains of pools are important routes for hot spots, before they spread through the systems. The 
installation of fine filters, an initial containment barrier, is proposed for the drain orifices of each pool : 

− refuelling cavity located in the reactor building ; 
− Spent fuel pit, located in the fuel building. 

 
Appropriate filters are required : 

− Truncated sieves ; 
− 50 µm mesh. 

 
The drain lines of the primary cooling circuit represent the second main vector for the movement of hot 
spots. As a preventive measure, the installation of sleeves on the main migration channels enables sensitive 
systems to be filtered. This filtration prevents the spread of hot spots and ensures that they are eliminated. 
The filtration system is installed in the reactor building or the fuel building, depending on the shutdown 
phases, thus enabling all the pools to be treated with the same device. 
 
3.2 - Metastable silver 110 contamination  
 
3.3.1 – Silver sources 
In some PWR units, the primary and auxiliary systems are subject to metastable silver 110 (Ag 110 m) 
contamination, due to silver 109 neutronic activation : 

109Ag + 1n à 110mAg + γ 

The most likely root causes for silver leading to the observed Ag 110m pollutions may be as follows :  
− the neutron-absorbing alloy Ag-In-Cd contained in control rods ; 
− some silver coated seals. 

For French NPP, the major source for Ag110m is natural silver. Moreover, for the French plants polluted 
with Ag 110m, the quantity of metallic silver released in the primary circuit could be roughly estimated 1-10 
grams. 
 
3.2.2 - Impact on dosimetry  
Ag 110 m systems contamination can be very penalising since it impacts : 

− dosimetry integrated during maintenance operations ; 
− shutdown schedule ; 
− control rods management (examination and rejection). 

It can represent 5 to 15 % of a shutdown total dosimetry. 
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Auxiliary systems most sensitive to silver contamination are : 

− The Residual Heat Removal System (RHRS) heat exchangers and  
− The Chemical and Volume Control System (CVCS) non regenerative heat exchangers  ; 
− The purification system downstream the CVCS demineralisers. 
 

Ag 110m can contribute to more than 90 % of the dose rates around some parts of auxiliary systems. 
 
3.2.3 - Silver behaviour - indicators 
The volumic activity of Ag 110m in the primary coolant stays at a low level (1-10MBq/t) due to the low 
silver solubility in reducing medium. Activity increases higher than 10 MBq/t indicate a poor silver removal 
in the CVCS or an important silver source. 
During the shutdown, in case of silver pollution, the observed levels of activity increase dramatically (several 
decade)  during and after the oxygenation. This could be explained by : 

− Changing from reducing to oxidising chemical conditions ; 
− Simultaneously by temperature and pH changes. 

At the opposite from other corrosion products for which dissolution is maximum at the “oxygenation peak”, 
silver dissolution shows a trend to go on after the effective oxygenation (dissolved oxygen concentration 
close to 1 mg/kg). 
Generally, the silver peak activity appears 1 to 12 hours later after the Co 58 peak. The table 2 gives further 
data about silver peaks for the French plants in the year 2000 during shutdown. 
 

 Standardized 
plant series 

Ag110m 
average 

Ag110m 
maximum 

Ag110m 
minimum 

900 MWe 1.47 GBq/t 6.17 GBq/t 0.07 GBq/t 

1300 MWe 0.16 GBq/t 0.48 GBq/t 0.04 GBq/t 

Table 2: Ag 110m, 900 and 1300 MWe French Standardized plant series in 2000. 
 
There is no clear correlation between the Ag 110m activity peak and the other corrosion products. A first 
level of assessment can lead to consider that RCS is polluted when Ag 110m peak during shutdown is higher 
than 0.5GBq/t on primary coolant sampled on the Nuclear Sampling System (NSS). 
 
The observation of different and unpredictable behaviour of silver, mostly measured by gamma-spectroscopy 
and particularly during different cold shutdowns, even in a same plant, can be surprising when the operation 
schedule seems stable. Measurements demonstrated that it is possible to decrease a lot the steam generator 
channel head silver contamination and to increase the CVCS exchanger. 
Depending on chemical environment and physical properties (pH, redox potential ...) silver would be : 

− In ionic form in solution, Ag (I) cation; 
− In metallic form, Ag (0), likely under colloidal form (200-600 Ã). 

Studies, conducted by EDF, demonstrated the essential simultaneous impact of redox potential, pH, and 
temperature on silver  behaviour. In a large range of pH (corresponding to the nominal operating conditions 
or to the shutdown ones at 300°C, 80°C and 30°C) and in different locations of RCS, CVCS and RHR, Ag(0) 
and Ag+ can be simultaneously found on thermodynamic stability diagram and are very sensitive to the redox 
variation and the concentration. Actually, it seems that the physical and chemical conditions of the primary 
coolant set silver mostly on the limits of different existence areas on considering the corresponding pH-
potential diagrams. 
On the opposite, pH is determinant on colloids behaviour. Repulsion between them is the lowest at iso-
electric point, meaning at pH for which the zeta potential is zero. 
In an other hand, kinetic behaviour of silver in primary coolant conditions is not known well enough. 
Thus, optimization of its removal is difficult, the preferential deposition of Ag 110m taking place in “cold 
points” of auxiliary systems exchangers, where thermal gradient is important. This also may elucidate the 
apparent unoperating conditions of the purification. The goal will become to manage the silver so as to 
transport it in the form able to be removed by the purification system. 
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3.2.4 - Preventive strategy 
Control rods non destructive tests 
Eddy current and ultrasonic non destructive control rod tests have been performed. Doubtful rods or rods 
with perforation indications are systematically replaced with either chromium or nitride coated rods. 
 
Purification during end of cycle shutdown 
Ag 110 m purification is performed on a dedicated ion exchanger operating at the maximum possible 
flowrate [3]. 
During shutdown, when the filters are replaced, purification must not be suspended. Filters consistent with 
colloids removal are required (lower mesh with zeta polarised filtration medium). Thus, silver removal is 
improved and downstream resins pollution may be avoided (poisoning by colloids). If the upstream filter is 
not redundant, the filter replacement must lead to reduce by half the CVCS flowrate purification to minimize 
resins pollutions.  
The background and the resin features show that macroporous mixed-bed would be the most adapted for 
soluble silver and silver colloids. The pressure drop must be specially monitored. 
Until now, the feedback demonstrated that withdrawing lithium of the primary coolant with a non lithiated 
mixed bed ion exchanger during shutdown, giving the lower pH, improves the silver removal efficiency. 
Without fuel cladding failure, lithium can be eliminated starting from the rods drop. 
 
3.3 - Antimony contamination 
 
3.3.1 – Antimony sources 
In some French PWRs, 122Sb and 124Sb volumic activity peaks have been observed. These peaks were higher 
than 58Co peaks (table 3). They impacted dosimetry and waste management. 
122Sb and 124Sb are two multi gamma emitters with radioactive half-life of 2.7 days and 60.2 days 
respectively. Thanks to its short radioactive half-life, 122Sb has a low impact on health physics, but it allows 
to determine antimony sources. 
 
Standardized plant 

series  
Values Sb 122 (GBq/t) Sb 124 (GBq/t) 

Mean 21 14 900 MWe first series 
Maximum 200 110 
Mean 25 18 900 MWe 
Maximum 160 140 
Mean 14 11 1300 MWe 
Maximum 70 55 

Table 3: Mean and maximum volumic activities encountered at the oxygenation peak 
 
Two major sources have been identified in French PWRs : 
1 - Pumps bearing wear in the Boron Recycle System. These bearings are made with graphite impregnated 
with about 10 % of antimony ; 
2 - Beryllium-Antimony source rod failure, but there are source rods only for the first reactor cycles. 
 
A few activated antimony grams can explain such peaks of 122Sb and 124Sb. So, calculations demonstrate that 
about 7 grams can lead to a 124Sb peak of 100 GBq/t. 
 
3.3.2 - Impact on dosimetry 
The important antimony released activity has an impact both on dosimetry and waste management. 
124Sb deposited activities on the out-of-core surfaces increase a lot as it is shown in table 4. 
 

124Sb  
(GBq/m²) 

Before H2O2 After H2O2 
injection 

Hot leg 0.29 1.02 
SG tubing 0.32 0.95 

Table 4: RCS recontamination after a 124Sb peak of 70 GBq/t 
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Thus, 124Sb contribution to the dose rates can reach 10 % in some parts of circuits. And the dosimetry for 
maintenance during a plant shutdown can increase to about 5 % because of the 124Sb contamination. 
 
3.3.3 – Antimony behaviour 
EDF studies, elaborating pH-Potential diagrams at normal operating conditions (300°C) and at forced 
oxygenation conditions at 80°C confirmed the behaviour observed on plants. 
It seems that, in nominal conditions at 300°C, metallic antimony is likely the more stable in aqueous 
reducing medium (fig 3). 
 

Fig 3: Simplified Pourbaix diagram for antimony at 300°C. The dotted line  limits the RCS operating 
conditions 

 
For shutdown conditions at forced oxygenation, it seems that the more stable species is at the limit of the 
SBO3

- area in aqueous solution. Eliminating antimony as well as possible becomes easier in this zone (fig 4).  
 
 

Fig 4: Simplified Pourbaix diagram for antimony at 80°C. The dotted line limits the RCS shutdown 
conditions at forced oxygenation. 
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3.3.4 – Preventive strategy 
Pumps bearing replacement 
To avoid antimony pollution, the incriminated pump bearings have been replaced by antimony free pump 
bearings . As indicated in the table below (table 5), this allows to make the 124Sb peaks decrease. 

 

Cycles 13 14* 15 
124Sb (GBq/t) 100 60 20 

Table 5: Bearing replacement consequence during the 14th cycle 
 
 
Shutdown purification 
During oxygenation, antimony seems to be on a soluble form (< 0.45 µm). When an antimony pollution 
occurs, to improve purification by the ion exchange resins, reactor coolant lithium content has to be lower 
than 1 ppm [4]. In order to obtain acidic  conditions, purification can be carried out thanks to non-saturated 
lithium cation bed demineralizers of the Boron Recycle System. Nevertheless, it should be noted that an 
acidic reactor coolant seems to increase antimony deposition on the primary circuit surfaces [4]. 
 
As for silver behaviour, to manage an antimony pollution, the operators face some difficulties linked to the 
different physical and chemical conditions of the RCS and the auxiliary systems. Except for removing the 
root cause, the objective consists in the optimization of the form of the antimony to enable the purification 
line to remove the pollution.  
 
 
4 - Conclusion 
 
EDF plants faces radioactive pollutions (i.e. Co 60, Ag 110m and antimony) leading to significant increases 
of shutdown dosimetry in affected units (10 – 30%) or increasing the contamination risk for personnel. Early 
detection in operation as well as during shutdown requires a good knowledge of their behaviour to set up 
appropriate solutions. 
Replacing critical materials as soon as it will be possible should limit the source term. Limiting pollution in 
circuits need to implement chemistry and shutdown procedure to minimize over-contamination..  
It is obvious that implementing specific chemistry and optimizing purification features (filters, resins and 
flowrate) warrant limiting the effects of this type of pollutions. 
That’s why studies are yet in progress to propose operators a chemical policy and adapted procedures for 
each type of radioactive pollution able to reduce the impact on dosimetry. 
On other hand, a new specific gamma spectrometer - able to characterize on the field the nature of 
radioactive deposits, in order to improve diagnostic, is being developed. 
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Abstract 
 
Since 1992, the Nuclear Energy Agency (NEA), along with the International Atomic Energy Agency (IAEA), 
has sponsored the Information System on Occupational Exposure (ISOE).  ISOE collects and analyses 
occupational exposure data and experience from over 400 nuclear power plants around the world and is a 
forum for radiological protection experts from both nuclear power plants and regulatory authorities to share 
lessons learned and best practices in the management of worker radiation exposures..  In connection to the 
ongoing work of the International Commission on Radiological Protection (ICRP) to develop new 
recommendations, the ISOE programme has been interested in how the new recommendations would affect 
operational radiological protection application at nuclear power plants.  Bearing in mind that the ICRP is 
developing, in addition to new general recommendations, a new recommendation specifically on 
optimisation, the ISOE programme created a Working Group to study the operational aspects of optimisation, 
and to identify the key factors in optimisation that could usefully be reflected in ICRP recommendations.  In 
addition, the Group identified areas where further ICRP clarification and guidance would be of assistance to 
practitioners, both at the plant and the regulatory authority. 
 
The specific objective of this ISOE work was to provide operational radiological protection input, based on 
practical experience, to the development of new ICRP recommendations, particularly in the area of 
optimisation.  This will help assure that new recommendations will best serve the needs of those 
implementing radiation protection standards, for the public and for workers, at both national and international 
levels. 
 
This paper will provide the practitioner’s perspective for the implementation of an effective program of 
optimisation of worker radiation exposures. 
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 Operational radiological protection focuses very strongly on assuring that exposures to workers and 
the public are maintained As Low As Reasonably Achievable, or ALARA.  While this concept is central to 
the day-to-day management of exposures, the complex nature of exposures and exposure situations mandates 
a flexible approach to the implementation of radiological protection actions. The increasing participation of 
various stakeholder groups in decision-making processes further suggests the need for flexibility to assure the 
appropriate incorporation of these views. Although philosophy, policy, regulations and guides are necessary 
as a framework for operational applications, these guiding tools should remain rather non-prescriptive to 
allow the radiological protection practitioner to appropriately find the optimum option for radiological 
protection on a case-by-case basis. 

 In this context, radiological protection professionals are very interested in the current development 
of new recommendations from the International Commission on Radiological Protection, ICRP. To assist in 
this development, the NEA / IAEA Information System on Occupational Exposure (ISOE) developed, 
through its Working Group on Operational Radiological Protection (WGOR) this report. The objective of this 
work is to remind the international radiological protection community, and the ICRP, of the practical aspects 
or radiological protection that should be reinforced by any new ICRP recommendations, and to identify areas 
where further practical guidance would be useful.  Several key messages, that are elaborated in the body of 
the report and supported by practical examples in the report’s annexes, have been developed. 

 In the area of public exposures, it is clear that the objective of radiological protection professionals 
is to use a process of optimisation to protect members of the public, workers and the environment. 
Minimisation of dose is not the objective. The ALARA philosophy and the use of Best Available Technology 
(BAT) are both used in optimising exposures. Within the process of optimisation, it should be remembered 
that protection options that decrease public exposure at the expense of significant worker exposures are not 
seen to be ALARA. Collective dose is an effective planning tool for comparing options, but, particularly with 
respect to public exposures, is not used to assess public detriment. 

 Worker exposures are also managed using a process of optimisation. Workers themselves contribute 
significantly to work planning, using their operational experience to improve work efficiency. Worker 
collective dose is an extremely useful tool for worker exposure management. To effectively manage doses, 
flexibility is needed for controlling collective dose and for assuring that individuals are equally protected. As 
such, having an individual dose limit/constraint of 20 mSv/a can be restrictive and can actually lead to 
increases in collective dose. A key aspect to worker exposure management is the effective empowerment of 
the workforce.  This can result in several positive effects that are closely linked together, including; lower 
doses, higher safety, higher efficiency, lower costs, and more efficient use of resources.  While it should be 
remembered that national and plant-specific approaches to the implementation of work management practices 
may differ significantly (responsibility, distribution of tasks, etc.), the objectives of work management can be 
achieved by many approaches. Work management will include the consideration of many aspects of worker 
health and safety than simply radiological protection. 

 The optimisation process, as applied to both public and worker exposures, is inherently judgmental 
and case-by-case, using quantitative and qualitative approaches.  As such, flexibility in guidance for the 
application of optimisation is needed. Optimisation of dose, below a given dose constraint, focuses on the 
process, not on the results. As such, the site-specific philosophy for the implementation of optimisation and 



ALARA may be equivalent while yielding different results. It would be very useful to have guidance on the 
types of criteria that should be considered when judging the effectiveness of an ALARA / optimisation 
programme.  

 These things being said, however, the application of a generic level, on the order of a few 10s of 
µSv/a, below which the need for regulatory control, if any, would be reduced, would be welcomed by the 
nuclear industry.  It should be noted, however, that, particularly as these levels would be applied in 
decommissioning operations, any levels that are eventually chosen for clearance levels, and regulatory 
requirements for release measurements for verification of compliance with these criteria should not result in 
excessive worker exposures. Worker exposures should be key elements that are considered when national 
decommissioning policy is developed. 

 Finally, the nature of international recommendations implies a certain level of agreement on 
common approaches. To assure that common approaches leave sufficient national and local flexibility, the 
level of common approaches and understanding needed to effectively optimise public and worker doses needs 
to be discussed. One area where the need for guidance is clear is the national and international management 
of itinerant worker exposures.  Here, it is understood that the responsibility for the management and 
optimisation of worker doses lies at all levels: 

• The management and optimisation of worker doses is the responsibility of the worker’s employer, 
however 

• The facility causing worker exposure is responsible for optimising all doses received at that facility. 

• National regulatory authorities are responsible for monitoring worker doses and their compliance with 
dose limits. 

 This being said, expanding the use of practical tools, such as “dose passports”, should be explored 
nationally and internationally. 

 In any case, the ISOE programme encourages the open dialogue of the broad radiological protection 
community on the development of new international recommendations.  Because of the broad impact that 
such recommendations could have on national radiological protection regulations and implementation, it is 
suggested that any new ICRP recommendations should be reviewed from the legal standpoint, which will 
probably be necessary at the country level, and for their practical implications BEFORE they are finalised. 
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Optimisation Optimisation in Operational in Operational 
Radiological ProtectionRadiological Protection

Contribution from the ISOE Working Group on 
Operational Radiological Protection (WGOR)

Carl Lindvall
ISOE Chair

Presentation at the
Fourth ISOE European Workshop on Occupational Exposure at NPP:s 

Lyon 24 – 26 March 2004
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International Commission on 
Radiological Protection (ICPR)

ICRP is currently developing an evolved system of radiological 
protection - general recommendations

This includes A Framework for Assessing the Impact of Ionising 
Radiation on Non-human Species (ICRP Publication 91)

ICRP opened the process of developing an evolved system to a 
broad stakeholder community - actively involving the Nuclear 
Energy Agency (NEA)



Carl G Lindvall

Building a common Building a common 
understandingunderstanding

ICRP is developing an 
evolved system of 
radiological protection

General 
recommendations
Protection of Non-
Human Species

CRPPH and ISOE provides 
active partnership with a broad 

stakeholder community
Explore implications

Discuss new concepts

Road test
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ISOE Working Group on Operational ISOE Working Group on Operational 
Radiological Protection (WGOR)Radiological Protection (WGOR)

The ISOE Programme has great interest in assuring that the 
new ICRP recommendations will be operationally useful.

To contribute to this process, the ISOE Steering Group agreed 
to develop a report describing current good practice in
optimisation, and identifying areas where new guidance from 
ICRP would be helpful.
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ISOE Working Group on Operational ISOE Working Group on Operational 
Radiological Protection (WGOR)Radiological Protection (WGOR)

The Group’s task

identify the areas of operational radiological protection that 
should be reflected in ICRP recommendations.

illustrate how operational optimisation can be applied in practice 
in various situations

develop practical and operational views 

provide views, on behalf of the ISOE Steering Group, to the 
CRPPH
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ISOE Working Group on Operational ISOE Working Group on Operational 
Radiological Protection (WGOR)Radiological Protection (WGOR)

ISOE initiative to remind the international radiological protection 
community of the practical aspects of radiological protection

WGOR met 4 times in 2002 – 2003

Draft report on  Optimisation in Operational Radiological 
Protection (the professionals’ views)

Will be presented at the IRPA-11 Congress, May 2004 in 
Madrid, Spain
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International Commission on Radiological International Commission on Radiological 
Protection (ICPR)Protection (ICPR)

ICRP:s proposal will be presented at the IRPA 11 meeting in 
Madrid, May 2004

The draft proposal will be published on the ICRP web after the 
IRPA meeting.

ICRP will still be open for discussion and comments  to the end 
of 2004

The final edition are expected in 2005 and to be published lat 
2005 or early 2006.
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ISOE Working Group on Operational Radiological Protection (WGOR)

General statementsGeneral statements

The documents from the ICRP are “framework” documents, and 
have changed and developed during our work.

They provide discussions of guiding principles and overall 
concepts that the ICRP is proposing to use as the bases for its 
recommendations. 

The details that would be necessary to fully understand the 
implications and ramifications of the new recommendations are 
not always presented.
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ISOE Working Group on Operational Radiological Protection (WGOR)

General statementsGeneral statements

Cost implications that result from the proposed changes to 
ICRP’s recommendations are significant

There are no cost considerations in the ICRP documents 
reviewed

The ICRP needs to be quite clear with respect to the benefits 
from change, in order to optimise the efforts and costs involved
with this change.
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ISOE Working Group on Operational Radiological Protection (WGOR)

Key issues discussedKey issues discussed
Optimisation of Public exposure

Optimisation of Worker exposure

Empowerment of the Workforce

The use of tools in optimisation

Old-plant ALARA versus New-plant ALARA

Optimisation of decommissioning

International aspects of optimisation
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ISOE Working Group on Operational Radiological Protection (WGOR)

Optimisation of public exposureOptimisation of public exposure
Key messages

The objective is the process of optimisation rather than 
minimisation

ALARA philosophy and “best available technology (BAT)” 
are both tools for optimisation

Options which transfer dose from the public to the worker 
are not considered to be ALARA

Collective dose is an effective planning tool for comparing 
options - however should not be used to assess public 
detriment
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ISOE Working Group on Operational Radiological Protection (WGOR)

Optimisation of worker exposureOptimisation of worker exposure

Key messagesKey messages

Optimisation is the key tool for the management of worker 
doses

Worker collective dose is an extremely useful tool for worker 
exposure management

Flexibility in individual dose management is very useful
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ISOE Working Group on Operational Radiological Protection (WGOR)

Empowerment of the WorkforceEmpowerment of the Workforce
Key messages

Work management empowers workers. Good work 
management leads to

Lower doses
Higher safety
Higher efficiency
Lower costs
More efficient use of resources

National and plant specific approaches may differ significantly 
while achieving similar objectives of work management

Includes many aspects of worker health and safety
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ISOE Working Group on Operational Radiological Protection (WGOR)

The use of tools in optimisationThe use of tools in optimisation

Key messages

Application of a generic level of the order of a few 10s of 
µSv/a, below which regulatory control could be reduced 
would be welcomed

Flexible guidance for the application of optimisation is 
needed
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ISOE Working Group on Operational Radiological Protection (WGOR)

OldOld--plant ALARA versusplant ALARA versus
newnew--plant ALARAplant ALARA

Key messagesKey messages

Optimisation of dose, below a given dose constraint, focuses 
on the process, not on the results. Site-specific philosophies 
may be equivalent, while yielding different results

Guidance on criteria to judge effectiveness of ALARA 
programmes needed
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ISOE Working Group on Operational Radiological Protection (WGOR)

Optimisation of decommissioningOptimisation of decommissioning

Key messagesKey messages

Any levels eventually chosen for clearance levels, and their 
regulatory control should not result in excessive worker 
exposures

Worker exposures should be key elements considered when 
national decommissioning policy is developed
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ISOE Working Group on Operational Radiological Protection (WGOR)

International aspects of optimisationInternational aspects of optimisation
Key messages

Level of common approaches and understanding to effectively 
optimise public and worker doses needs to be discussed

Management and optimisation of worker doses is the 
responsibility of the employer, however, the facility is 
responsible for optimising doses at the facility. National 
regulatory authority responsible for monitoring worker doses and
compliance with limits

Expanding the use of practical tools, such as dose passports
should be explored nationally and internationally
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ISOE Working Group on Operational Radiological Protection (WGOR)

ConclutionsConclutions

Flexibility is a key to the operational application of radiological 
protection principles

It is hoped that the new ICRP recommendations will take into 
account current good practice, and provide guidance for
optimisation in practice

The ISOE Programme will continue to follow ICRP 
developments, and contribute its views on operational topics
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New Radiation Protection 
Developments in the EU Regulations

by

Klaus SCHNUER
European Commission

Radiation Protection Unit
L-2920 Luxembourg
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New Organisation Plan

European Commission
Directorate General for the Environment
Directorate C: Environment and Health

Radiation Protection Unit
DG ENV-C4

European Commission
Directorate General Energy and Transport

Directorate H:  Nuclear Energy
Radiation Protection Unit

DG TREN-H4

old :

new :
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ENLARGEMENT:

10 new Member States on 1 May 2004
Lithuania, Czech Republic, Slovakia, Slovenia, Hungary (NPPs)
Poland, Estonia, Latvia, Malta, CyprusPoland, Estonia, Latvia, Malta, Cyprus;

2 Candidate States
Bulgaria , Romania (NPPs)

2 Applicant Countries
Turkey , Croatia
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New Legislation

Council Directive 2003/122/EURATOM
on 

the control ofthe control of
highhigh--activity sealed radioactive sources activity sealed radioactive sources 

and orphan sourcesand orphan sources

adopted by the Council  on 22 December 2003
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New Legislation: HASS Directive

SUPPLEMENT
to Directive 96/29/Euratom - Basic Safety Standards

OBJECTIVES:
• to prevent exposure to ionising radiation arising from 

inadequate control of high activity sources

• to harmonize controls in place in the Member States by  
setting out specific requirements ensuring that each source  
is kept under control (traceability)
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New Legislation: HASS Directive

SCOPE:

“High activity sealed source”
Sealed source giving a dose rate ≥1 mSv/h at 1 m distance
Activity levels  ≥ in Annex I (radionuclides most used in sealed 
sources)

“Orphan source”
Source which is not under regulatory control: abandoned, lost, 
misplaced, stolen or transferred without proper authorization or
never under control;
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New Legislation: HASS Directive

MAIN PROVISIONS:

•Prior authorization
•Records of holders and sources
•Holders obligations
•Identification and marking
•Orphan sources
•Enforcement measures
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“Nuclear Package”

2 Directives
based on 

EURATOM Treaty, Title II, Chapter 3, Article 31
Proposal adopted by the Commission on 30. January 2003

Council Decision
based on

EURATOM Treaty, Title II, Chapter 6
Adopted by the Council on 17 November 2003  
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“Nuclear Package”
Proposal : Council Directive on the management of spent 
nuclear fuel and radioactive waste
Objectives:
Priority to geological burial of waste as the safest method of disposal known at 
present;

Member States will have to adopt national programs for the disposal of 
radioactive waste, in particular, deep burial of highly radioactive wastes. 

They have to decide on burial sites national or shared by several Member 
States;

Support and step up the research efforts, coordinate national research  
programs; Commission intends to propose the creation of a Joint Undertaking, 
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“Nuclear Package”
Proposal : Council  Directive setting out basic obligations and 
general principles on the safety of nuclear installations 
Objectives:

Introduce common safety standards and monitoring mechanisms to guarantee 
that common methods and criteria will be applied throughout the enlarged 
Union;

The Community will monitor how the safety authorities perform their tasks;

Sufficient financial resources are to be set aside for the decommissioning of 
nuclear installations;

Decommissioning operations under conditions protecting the general public 
and the environment from ionising radiation.
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Council Decision :Authorising the Commission to negotiate an 
Agreement between Euratom and the Russian Federation on 
trade in nuclear materials. 
Objectives:
Supply policy will have to be brought into line with increased number of 
nuclear power stations in the enlarged EU;

Take account of the new conditions on the market in the enlarged EU

Recognition of the special relations between the new Member States and the 
Russian Federation;

Protect the interests of European consumers and in particular the enrichment 
industry;

“Nuclear Package”
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Other Radiation Protection Activities

Article 35 verifications
Overview on national monitoring and inspection requirements
Assessment of standards for sampling, sample preparation and 
measurements in vegetal cover
ESOREX 2005: European survey on occupational radiation 
exposures of all workers in Europe 1995 to 2005
Radiation protection training and education platform
European ALARA network in the non- destructive testing area
Medical radiation protection activities
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END
Thank you for your attention



 
Introduction of JNES in Japan 

 
 

Kazuhiro Komori 
Japan Nuclear Energy Safety Organization (JNES), Japan 

 
 
Introduction 

The Japan Nuclear Energy Safety Organization (JNES), an incorporated administrative 
agency, was established on October 1, 2003, as a technical support organization to the 
nuclear regulatory authority, the Nuclear and Industrial Safety Agency (NISA), with the 
mission to ensure the safety of nuclear installations for energy use. 

JNES's activities include inspection of nuclear installations, safety analysis and 
evaluation, emergency preparedness support, technical survey, tests and research for ensuring 
nuclear safety, and information analysis, evaluation and transmission. The studies on new 
approaches to ensuring nuclear safety on the basis of the latest technological knowledge are 
also within JNES's scope of responsibilities.  

 
Outline of organization 
Major Tasks 
(1) Inspection of Nuclear Installations 

・ Pre-service inspection, periodical inspection, fuel inspection, periodical safety 
management examination and safety management inspection for welding 

・ Pre-service inspection, periodical facility inspection, inspection of waste disposal 
facilities, welding inspection, probation of waste disposal, probation of nuclear 
material transportation 

(2) Safety analysis and evaluation of nuclear installations 
(3) Support for nuclear emergency prevention and response 
(4) Survey, tests, and research for assuring nuclear safety 
(5) Analysis, evaluation and transmission of nuclear safety related information 
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Organization Chart 

  

 

The number of management and staff:   
Board of Managers is composed of six senior managers; one President, three Vice-Presidents 
and two Auditors 
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The staff counts about 420 (as of March 1 2004) 

Budget Scale:  12.2 billion yen (Funds granted from the government for FY2003) 
Note: The budget for FY2003 is a half of a regular fiscal year since JNES 

was established in October of 2003, in the mid the FY. 
 
 

Role and Mission 
 

The role and mission of our Organization is, in brief, “to ensure the public safety 
against the potential hazard accompanying the use of nuclear energy through efforts of expert 
engineer groups”.  

 
JNES, just established in October 2003, is to accomplish its role and mission as an 

organization which is the inheritor of the fruit of the human wisdom accumulated over the 
long history. In these days in Japan, the public has some anxiety about nuclear safety and 
strong interest in the safety ensuring measures has become common. In this context, JNES 
was established for improvement of nuclear safety regulatory system in securing the 
foundation for ensuring safety. 

 
JNES, expert organization in nuclear safety, will faithfully accomplish its mission in 

order to meet the expectation of the public in cooperation with the nuclear safety authority, 
the Nuclear and Industrial Safety Agency, Ministry of Economy, Trade and Industry (NISA, 
/METI). 
 

Major Tasks 
Inspection Activities  

Inspection activities are actions which objectively confirm the compliance of the 
licensees with the nuclear safety regulation. They play an essential role in ensuring the 
nuclear safety. JNES conducts nuclear installation inspections of various kinds, periodical 
review of safety management and probation. JNES is required to perform these inspections 
in fair and strict manners with flexibility.  

In the framework of recurrence preventive measures against illicit acts discovered in 
August 2002 regarding the falsification of self-imposed inspection results at nuclear power 
plants, the Electric Utilities Industry Law has been amended to provide for self-imposed 
inspections by licensees as legal obligation and to introduce the periodical audit of the safety 
management system. The latter ensures the neutrality of the judgments on the results of now 
compulsory self- imposed inspection, on one hand, and forms a framework for improving the 
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self-imposed inspections, on the other. JNES is assigned to conduct these inspections and 
audits. 

Along with the proper and reliable conduct of the inspections and audits which JNES 
took over from the Government or its designated agencies, JNES will also establish a reliable 
audit system for quality assurance and develop objective and reasonable audit criteria in 
order to effectively implement the recently introduced audit of the safety management 
system and to enhance its effectiveness. JNES expects that all the efforts described above 
contribute to enhancing the nuclear safety and to obtaining the public confidence. 

 
Activities concerning Analysis and Evaluation of the Safety of Nuclear Installations 

 
For the government’s safety examination to grant licenses to nuclear installations, 

JNES conducts safety analyses evaluation of the adequacy of design to ensure the safety of 
the installations even with abnormal transients and accidental events. In doing this evaluation, 
it is necessary to verify, by independent analyses, the adequacy of nuclear licensees’ safety 
analyses. The independent analyses are performed with different analysis codes (computer 
programs) than those used by the nuclear licensees.  

In addition to the appropriate independent analyses performed for the safety 
examination conducted by the government, JNES continuously develops and maintains the 
analysis codes and evaluation methods required for the future independent analyses on the 
installations, which are expected to be soon subject to the safety examination. 

Besides the safety examination for license granting, JNES independently evaluates the 
safety analyses such as periodical safety reviews, probabilistic safety assessments (PSA) and 
the accident management. Some of these analyses are performed by the licensees for the 
purpose of safety improvement; various events actually occurred in the real plants are 
analyzed and evaluated to verify the safety of the nuclear installations. 

 
Supporting Activities for the Nuclear Disaster Preparedness 

 
In case of accidents at nuclear installations, the government, local communities and 

nuclear licensees must respond promptly and properly in a concerted manner to minimize the 
effects of the accidents on the public and environment. For this purpose, it is important to 
conduct drills on a regular basis to confirm the emergency procedures to be used by the 
relevant parties in an emergency, and to prepare and properly maintain the installations and 
equipment necessary for an emergency situation.  

JNES develops plans for nuclear emergency preparedness drills and performs the work 
such as coordination among the related organizations in cooperation with the Nuclear and 
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Industrial Safety Agency. JNES also prepares emergency response facilities (Off-Site 
Centers) in the vicinity of the recently established reactor facilities, maintains and manages 
them properly to get always available the Off-Site Center and the Emergency Response 
Support System (ERSS), and establishes a system for response against accidents. In addition, 
JNES performs the studies and researches on the nuclear emergency preparedness and 
provides the staff of associated organizations with training and education. 
 

Study, Test and Research to Ensure the Nuclear Safety 
 

Because reactor installations are highly complex system, the knowledge and 
information associated to ensuring their safety derive from wide scope raging from design, 
operation to decommissioning. For this reason, it is necessary to regularly collect the latest 
knowledge and compile the data and information as the basis for the safety regulations for 
the purpose of proper implementation of nuclear safety regulations. In addition, for 
regulations based on scientific and rational judgment, it is indispensable to adequately 
organize the knowledge into standards or rules, to reflect them in the review of the regulatory 
system and to improve review criteria. 

JNES conducts the studies, tests and researches necessary to achieve the above goal. 
These activities will be conducted with clear vision as to their outputs to be used for the 
standards or rules to be established.  

To put it concretely, the activity scope covers both domestic and international 
standards and rules in such fields as reliability evaluation of facilities, aging countermeasures, 
seismic reliability of facilities, fuel characteristics, safety of nuclear fuel cycle facilities, 
safety of decommissioning, safety management of radioactive waste disposal, transportation 
of radioactive materials, human factors, accident management and publicly invited proposals 
of studies and researches.  

In addition, for the conduct of tests and researches, an evaluation system by a third 
party is introduced to check for selection of the proper theme, development of an activity 
plan, control of the progress and objective evaluation of the results. When it becomes clear 
that accomplishment or useful application is difficult to expect from ongoing program, such 
program will be immediately reexamined and, if a decision is taken to terminate it, the 
program will be aborted promptly. Thus, JNES will always remain conscious of the 
administrative needs of the safety regulation.  

 

Collection, arrangement and provision of information to ensure the safety 
 

It is important to make effective use of information on failures or events occurred at 
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the similar facilities in order to ensure the safety of reactor facilities. It has been recently 
found effective for the prevention of more significant event to carefully gather and analyze 
the operational information on minor incidents that cannot be called failures or events. 
Therefore, it has become necessary to extract useful information to be applied to other 
facilities by accumulating and analyzing not only failures and events, but also operational 
information on minor incidents less significant than events at both the domestic and foreign 
reactor facilities.  

JNES is planning to accumulate information on ensuring of safety through 
international network, to establish databases for ensuring of safety, to analyze the 
information, to study actions to be taken to ensure safety and to make useful proposals.  

Finally, since it has become an important issue to increase the transparency in safety 
regulatory administration in order to restore the public confidence in ensuring nuclear safety, 
JNES will provide easy-to-understand information regarding the safety regulation. 
 

 
Closing 
 

Since activities in the nuclear safety area have become further specialized and gained 
international dimension, which reflects the latest technical progress, JNES, recognizing itself 
as a professional organization, is keenly aware of its extremely large and important role in 
this area. With its foremost concern being to assure the public safety, JNES will respect 
transparency and give plain explanations based on scientific and rational judgments. We feel 
that the public expects from nuclear experts to show the true picture of the nuclear 
technology, and believe that serious discussions and plain explanations by nuclear experts 
will surely gain the public confidence. Upon recognition of these facts, our staff will fulfill 
their jobs with all their strength to meet the public's expectations for ensuring nuclear safety.  
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1

Date of Establishment
• October 1, 2003

Purposes of Establishment
• Expert organization specialized in nuclear
safety, working

- for professional matters, e.g., inspection,
analysis, evaluation, and research,

- in close cooperation with Nuclear and
Industrial Safety Agency.

Budget and Staff
• Budget : 12.2 billion yen (Oct./2003 - Mar./2004)
• Number of staff : 393 (as of Oct. 1, 2003)

Incorporated Administrative Agency
Japan Nuclear Energy Safety Organization
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Integration of RegulationIntegration of Regulation--Support FunctionsSupport Functions
NISA

- Safety examination
- Inspection (discretionary

inspection, administrative
disposition)

- Emergency response, etc.

Incorporated
Administrative Agency

JNES
- Inspection (examination of

licensee's periodical 
inspection, etc.)

- Safety analysis & evaluation
- Emergency preparedness

support
- Research, test, etc. for

codes/standard development
- Safety information collection, 

analysis and  transmission

NISA
- Safety examination
- Inspection
- Emergency response, etc.

NUPEC

JAPEIC

NUSTECPu
bl

ic
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er
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ce
co

rp
or

at
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ns

NISA : Nuclear and Industrial Safety Agency
JNES : Japan Nuclear Energy Safety Organization
NUPEC : Nuclear Power Engineering Corporation
JAPEIC : Japan Power Eng'g and Inspection Corp.
NUSTEC : Nuclear Safety Technology Center

Transfer of
parts of 
pre-service 
and 
periodical 
inspection

Regulation-
related tasks 
contracted to 3 
corporations 
were withdrawn, 
streamlined and 
transferred to 
JNES
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JNES'sJNES's Major TasksMajor Tasks

Safety 
Analysis and 

Evaluation

Inspection of
Nuclear 

Installations

Information 
Collection, 

Analysis and 
Transmission

Emergency 
Preparedness

Support

Survey, Tests, 
Research for 

Codes/Standards 
Development

Nuclear
Power

For
Energy

Use
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JNES andJNES and
Japanese Nuclear Safety Regulation SystemJapanese Nuclear Safety Regulation System

Nuclear Safety Commission

Licensees

Nuclear andNuclear and
Industrial SafetyIndustrial Safety

AgencyAgency

Japan Nuclear Japan Nuclear 
Energy SafetyEnergy Safety
OrganizationOrganization

• Middle term
objectives

• Notification
of inspection

• Submission of
inspection
results

• Analytical evaluation
• Emergency support, etc.

•Appli-
cation

•Appli-
cation

• Inspection, etc.•Safety   examination
•Inspection, etc.

•Quarterly
reporting

•Inquiry
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PresidentPresident

Vice-PresidentsVice-Presidents

General AdvisorsGeneral Advisors

Planning and Administration Div.Planning and Administration Div.

Inspection Affairs Division Inspection Affairs Division 

Safety Analysis and Evaluation Div.Safety Analysis and Evaluation Div.

Emergency Preparedness Support Div.Emergency Preparedness Support Div.

Safety Standard Div.Safety Standard Div.

Safety Intelligence Div.Safety Intelligence Div.

Nuclear Fuel Cycle Facility Inspection OfficeNuclear Fuel Cycle Facility Inspection Office

AuditorsAuditors
Audit Office Audit Office 
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InspectionInspection
Inspections conducted by JNES

Periodical safety management examination
Welding inspection
Confirmation concerning waste disposal
and waste & spent fuel transportation

Inspections partially conducted by JNES
Pre-service inspection
Periodical inspection
Fuel inspection
Confirmation concerning under-ground
disposal of waste
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Analysis and EvaluationAnalysis and Evaluation
Safety analysis

Independent safety analysis for licensing
purposes (confirmation of adequacy of
licensee's safety analysis)

Safety evaluation
Assessment of licensee's periodical safety
review, probabilistic safety assessment,
accident management measures, etc.

Development of analysis/evaluation
methods
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Codes and standardsCodes and standards
Development of bases for improving
safety guides/codes/standards

Information survey
Aging countermeasures
Seismic safety
Core and fuel safety
Fuel cycle facility safety
Decommissioning safety
Radioactive waste management and 
transportation
Human factors
Accident management measures



Japan Nuclear Energy Safety OrganizationJapan Nuclear Energy Safety Organization March 2004

9

Emergency Preparedness SupportEmergency Preparedness Support
Operation and maintenance of emergency
response support facilities

22 local emergency response centers (Off-Site
Centers)
Emergency Response Support System
(ERSS)

Training, drills and survey
Training of personnel for emergency response
Planning and coordination of emergency drills
Survey and research on disaster-prevention
measures
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Safety Information and InternationalSafety Information and International
CooperationCooperation

Collection, analysis and transmission of
safety-related information

Domestic and overseas trouble information
Safety-regulation-related information

Proposal for assuring nuclear safety
Abstraction of useful knowledge

International cooperation
Implementation and coordination of 
multilateral and bilateral cooperation
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International CooperationInternational Cooperation

Government-base
arrangements,
conventions
and treaties

JNES

Arrangements
by JNES

Multilateral
cooperation
Committees,
workshops,

joint research
etc.

IAEA

OECD/NEA

Bilateral
cooperation
Information 

exchange and 
joint research
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Major Cooperation ActivitiesMajor Cooperation Activities
U.S.A. (NRC) Probabilistic safety assessment (COOPRA）

Severe accident research (CSARP)
Seismic research and Seismic PSA

France (IRSN) Emergency response support system
Information exchange on Severe accident research
MOX fuel core physics experiments
Information exchange on Severe accident research
Information exchange on Seismic research
Accident thermal-hydraulics （ARTIST）

Belgium (BN) International joint MOX critical experiment （REBUS）

Korea (KINS) Information exchange on safety information and safety analysis

IAEA Fuel integrity project
Seismic safety research

OECD/NEA Fire database project
Piping failure database project
Common mode failure database project
Accident thermal-hydraulics (SETH) project
Severe accident (MCCI and MASCA) projects

Germany (GRS)

(CEA)

Switzerland (PSI)

Information exchange on Severe accident and PSA research
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ISOEISOE-- ATCATC ( JNES)

Duty: Coordinator between Asian Participants
Japan; 11 Utilities and METI
Korea; KHNP and KINS

Preparing Action Plan for ATC
Reporting to Participants
Coordinating with the Asian Participants
The Coordination between ISOE Bureau & Other TCs
Information Exchange

JNESJNES Safety Intelligence DivSafety Intelligence Div



JNES, as a professional organization,JNES, as a professional organization,
recognizing its important role torecognizing its important role to
assure the public safety andassure the public safety and
respecting transparency,respecting transparency,
accountability and scientificaccountability and scientific
reasonableness,reasonableness,

dedicates to nuclear safetydedicates to nuclear safety
with all its strength.with all its strength.
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Introduction 
 
There are two operating nuclear power plants in Finland, two BWR units at Olkiluoto site and two PWR 
units at Loviisa site. These reactors were commissioned between 1977 and 1981. The total electricity 
capacity in Finland is about 15 GW. In 2003, nuclear power plants generated one fourth of Finland’s 
electricity. Despite of the diversity of the electricity generation methods, Finland is highly dependent on 
imported energy. Electricity consumption is estimated to increase and the demand for extra capacity has 
been estimated at about 2500-3000 MW by 2010 [1]. It should also be taken into account that a 
considerable proportion of the production capacity constructed in the 1970’s must be replaced with 
production capacity of new power plants in the near future. In practice, the climate politics commitments 
made by Finland exclude coal power. Therefore, the capacity can be increased significantly only by 
natural gas, nuclear power and biofuels [1]. 
 
 
Licensing a New Nuclear Power Plant in Finland 
 
The licensing process of a new nuclear power plant in Finland is shown in Figure 1. The project of the 
fifth Finnish nuclear power reactor was formally started in May 1998 with Environmental Impact 
Assessment (EIA) process. The EIA process was completed in January 2000. Results of the EIA were 
used to support the application for a Decision in Principle, which the electricity generating company TVO 
submitted to the Ministry of Trade and Industry in November 2000. The Finnish Government made in 
January 2002 a Decision in Principle, which concluded that constructing of a new nuclear power plant 
unit in Finland is in line with the overall good of the society. The Finnish Parliament ratified the decision 
in May 2002. Based on this decision, TVO was authorised to continue preparations for the construction of 
a new nuclear power plant unit. 
 
In October 2003, TVO decided the plant site to be Olkiluoto and in December 2003 TVO made a contract 
with a consortium of Framatome ANP and Siemens to build a French-German reactor concept EPR 
(European Pressurised Water Reactor). TVO submitted the application for Construction License to the 
Ministry of Trade and Industry in the beginning of 2004. The Construction License evaluation process 
takes approximately one year, and the construction works on-site could start at the earliest at the 
beginning of 2005. Based on TVO’s schedule, estimated construction time is about four years. The 
Operating License evaluation process takes approximately one year, and thus, the new unit could be in 
operation in 2009 if no unexpected delays occur. 
 



At the same time the application for Construction License was sent to the Ministry of Trade and Industry, 
TVO submitted so called licensing documentation to STUK. According to the Finnish Nuclear Energy 
Decree Section 35, these documents include: 
• Preliminary Safety Analysis Report (PSAR) 
• Proposal for a Classification Document 
• Description of Quality Assurance during the Construction 
• Plans for Physical Protection and Emergency Preparedness 
• Plan for Safeguards 
• Description of the Applicant’s Arrangements for the Regulatory Review by STUK 
• Other reports that STUK considers necessary. 
Based on the review of these documents, STUK prepares its statement on safety and safety assessment, 
which will be submitted to the Ministry of Trade and Industry. STUK’s positive statement on safety is a 
prerequisite for the Government to grant the Construction License. 
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Figure 1: The licensing process of a new nuclear power plant in Finland. 
 
 
FIN5 Project at STUK 
 
After the Decision in Principle, the Radiation and Nuclear Safety Authority (STUK) established a project 
group to co-ordinate the license application regulatory review process of the fifth Finnish NPP unit at 
STUK. The role of the project group is to plan and co-ordinate the review work. The line organisation at 
STUK performs the actual review work to which the project group also participates. One specific task of 
the project group is to evaluate utility’s quality management. After planning the review process, the duty 
of the project group is to see that the work performed at STUK proceeds as planned. 
 
The FIN5 regulatory project at STUK is divided into 10 subprojects, which are introduced in Figure 2. 
One of the subprojects deals with radiation and environmental safety as well as emergency preparedness 
issues. It includes for example review of siting issues, radiation safety of the plant and related analyses, 
radiation instrumentation and emergency preparedness arrangements. 
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Figure 2: Different sectors of the project group, which co-ordinate the license application process of the 
fifth Finnish NPP unit at STUK. 
 
 
Work Planning and a Tool for Requirement Management 
 
From June 2002 to the end of 2003, the FIN5 project at STUK lived a so called preparation phase. The 
main task was the future work planning. A project manual was prepared, which includes for example a 
description of the project organisation, responsibilities and project management, main phases of the 
project and resource estimates. The planning was also performed on the subproject level. Every 
subproject manager made an inspection and review plan, which includes for example milestones for 
review process, resource allocations and prioritisation of items to review. 
 
Another major task during the preparation was a development of a tool for Requirement Management. In 
Finland, the safety requirements of the nuclear power plants are introduced in the Nuclear Energy Act 
(990/1987) and Decree (161/1988), in five separate Decisions of Council of State (General Regulations 
for the Safety of NPPs, Physical Protection of NPPs, Emergency Response Arrangements at NPPs, the 
Safety of a Disposal Facility for Reactor Waste and the Safety of Disposal of Spent Nuclear Fuel). By 
virtue of the Nuclear Energy Act (990/87) and the Decision of the Council of State (395/91) on General 
Regulations for the Safety of Nuclear Power Plants, STUK issues detailed regulations concerning the 
safety of nuclear power plants. These regulations are called YVL Guides. In the preparatory work for 
Requirement Management system, the YVL Guide requirements that the licensee (applicant) and the new 
reactor have to fulfil were identified. Also the requirements for STUK’s oversight were defined.  
 
The first version of the Requirement Management tool was implemented with simple Excel files. The 
second step will be a more sophisticated database application, where the search of the data is easier. The 
requirement management system can be used for example as a standard review plan for a Preliminary 
Safety Analysis Report because all requirements are linked to the different Chapters of the SAR.  

 



Radiation Safety Related YVL Guides 
 
After the Decision in Principle, STUK made a plan according to which the existing YVL Guides were 
evaluated and updated. The guide YVL 7.18, concerning the radiation safety aspects in the design of 
NPPs, was up-dated during 2003. The main content of the new guide is shown in Figure 3. In this updated 
guide, accident situations including severe accidents and aspects of decommissioning of the plant are 
taken into account in more detail. Other relevant radiation safety guides during the construction license 
review phase are: 

• YVL 1.10 Safety criteria for siting a NPP 
• YVL 7.1 Limitation of public exposure in the environment of and limitation of radioactive 

releases from NPPs 
• YVL 7.2 Assessment of radiation doses to the population in the environment of a NPP 
• YVL 7.3 Calculation of the dispersion of radioactive releases from a NPP 
• YVL 7.5 Meteorological measurements at NPPs 
• YVL 7.6 Monitoring of discharges of radioactive substances from NPPs 
• YVL 7.11 Radiation monitoring systems and equipment in NPPs. 

 
Relevant safety guides during the operating license review phase are: 

• YVL 7.4 NPP emergency preparedness 
• YVL 7.7 Radiation monitoring in the environment of NPPs  
• YVL 7.8 Environmental radiation safety reporting of NPPs 
• YVL 7.9 Radiation protection of NPP workers 
• YVL 7.10 Monitoring of occupational exposure at NPPs. [2] 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
1 General  
2 Design principles  

2.1 General requirements  
2.2 Radiation sources and shields  
2.3 Materials and their corrosion resistance 
2.4 Plant layout   
2.4.1 Rooms and access routes  
2.4.2 Entering and leaving the controlled area 
2.5 Decontamination of rooms and equipment 
2.6 Decommissioning 
2.7 Accidental situations  

3 Radiation safety in systems design   
3.1 Individual systems and components  
3.2 Pipelines  
3.3 Drainage and leak collection systems 
3.4 Treatment of resins and concentrates  
3.5 Limitation of the effluent release 

4 Regulatory control  
 

 
Figure 3: The main contents of the YVL guide 7.18 on the radiation safety aspects in the design of NPPs. 

 
 
 



Collective Dose Target 
 
In the updated regulatory guide YVL 7.18, a new design criterion for an annual personnel 
collective dose of 0.5 manSv per 1 GW of net electric power averaged over the plant life is set 
forth. Almost similar criterion is also written in the European Utility Requirements (EUR) 
document, where the target for annual collective effective dose averaged over the plant life is set 
as 0.5 manSv per reactor unit.  
 
The existing reactors in Finland were commissioned between 1977 and 1981. Average personnel 
collective radiation doses per reactor for operating OECD country NPPs [3] and for existing 
Finnish NPPs for the years 1991-2001 are shown in Figure 4. The collective dose at the Olkiluoto 
NPP has been clearly under the international average value of the BWR reactors. On the other 
hand, the comparison of the collective dose at the Loviisa NPP to the average value of the PWR 
reactors does not give such an excellent result. Average collective doses per reactor of the 
German Konvoi generation NPPs (Emsland 1, Isar 2 and Neckarwestheim 2) and French N4 
generation NPPs (Chooz B1 and B2, statistics only from the year 2001) [3] and the Finnish 
regulatory collective dose design criterion calculated for the EPR net electric power (0.8 
manSv/year) and the collective dose target in the EUR document (0.5 manSv/year) are also shown 
in Figure 4. The statistics of the Konvoi NPPs would indicate that the collective dose in the EPR 
could be low.  
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Figure 4: Average personnel collective radiation doses per reactor for operating OECD country 
NPPs, German Konvoi generation NPPs, French N4 generation NPPs and for existing Finnish 
NPPs.   
 
 
On-site Habitability during Accident Situation 
 
In a nuclear power plant, on-site habitability during accident situations has to be taken into 
account. “On-site habitability” determines conditions whether or not the occupancy of a certain 
area inside or outside the site buildings is possible on a continuous or transient basis. The 
regulatory guide YVL 7.18 requires analyses of the magnitude and location of the possible 
radiation sources and evaluation of doses in different accident management and emergency 
preparedness measures. In the design process, these doses shall not exceed the normal dose limits 



of a radiation worker. In a case of a real emergency situation, the normal dose limits can be 
exceeded while performing measures needed to save lives or restrict the radiation hazard and 
bring the radiation source under control. 
 
Assessment of the on-site habitability during severe accidents at the existing Finnish nuclear 
power plants has been primarily done during 1980’s and 1990’s. A reassessment was done in 
2002-2003 [4]. The method for assessing habitability included the following steps: defining the 
accident scenario and the sources of radiation, identification of the possible severe accident 
management actions and vital areas of the plant and finally calculating the dose rate levels in 
these vital areas. Habitability was evaluated based on the calculated dose rate levels, the 
occupancy times and the dose limits. Radiation hazard was classified into three parts, i.e., possible 
direct radiation from the containment, air contamination and systems carrying radioactive air or 
water. The results showed that direct radiation from the containment is generally adequately 
shielded but penetrations and hatches have to be separately analysed and the radiation dose levels 
near them are usually rather high. Skyshine radiation from the reactor containment is a special 
feature at the Loviisa NPP and the nearby area outside the buildings might have very limited 
access for the first hours after the accident. The skyshine effect is not usually relevant hazard in 
nuclear power plants, because they have adequate concrete shielding also in the roof of the 
containment. An interesting result was that air contamination also in the building next to the 
containment might be a hazard even if the containment is intact and leaks only at the nominal rate. 
Systems outside the containment can also create higher local radiation levels, e.g. near the 
emergency core cooling systems, containment spray system, sampling systems and containment 
filtered venting system. 
 
 
[1] “Nuclear Energy in Finland,” Ministry of Trade and Industry, Energy Department, Helsinki, October 

2002. 
 
[2]  http://www.stuk.fi/english/publications/yvl-guides.html 
 
[3]  MADRAS database, version 3.8 (Rev. 9), European Technical Centre (CEPN), 2001/2002. 
 
[4] K. Alm-Lytz, “On-Site Habitability at Finnish Nuclear Power Plants during Severe Accidents,” 

Licentiate’s thesis, Helsinki University of Technology, Espoo, 2003. 
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• Licensing of a new NPP in Finland
• FIN5 Regulatory Review at STUK
• Requirement Management Tool
• Regulatory platform on radiation safety
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Hydro Power 13 %
Wind Power 0.1 %

Peat 7 %

Other domestic 13 %

Nuclear Power 26 %

Natural

gas 11 %

Coal 14 %

Oil 2 %

Net imports 14 %

Electricity Generation in Finland

total 84 TWh (2002)

Olkiluoto NPP Loviisa NPP

2 x 840 MWe BWR 2 x 488 MWe PWR
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Government

Licensing of a new NPP in Finland

FIN5: 
01/2000

FIN5: 
application 11/2000

Government DiP 01/2002
Parliament ratification 05/2002

FIN5: 
application 01/2004

STUK review

FIN5: 
2009?

Nuclear Energy Act (990/1987)

Nuclear Energy Decree (161/1988)
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Documents to be Submitted to STUK when Applying for a 
Construction License (Nuclear Energy Decree, Section 35)

•Preliminary Safety Analysis Report (PSAR)

•Proposal for a Classification Document

•Description of Quality Assurance during the Construction

•Plans for Physical Protection and Emergency Preparedness

•Plan for Safeguards

•Description of the Applicant’s Arrangements for the 
Regulatory Review by STUK

•Other reports that STUK considers necessary (e.g. license
applicant’s safety assessment)
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2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 20142002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 20142002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

2 Construction

1 Construction license

3 Operational license

0 Preparations

FIN5 Regulatory Review at STUK: Main Phases
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0

Phase

FIN5 Project Group Duties

Preparations for the regulatory reviews

Utility quality management

Safety evaluation

Supervision during construction

Construction permit related reviews

Operating license related reviews

Evaluates

Coordinates

Coordinates

Coordinates

Participates

Coordinates

Utility quality managementEvaluates
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Nuclear Energy Act
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YVL Guides

International
references

Decisions of
Council of State

Requirements and 
guidelines

• Identification of requirements
• Requirements for the design (licensee)
• Requirements for STUK’s oversight

• Life cycle of requirements
• Construction license, Construction, 

Operating license, Commissioning, 
Operation

• Characteristics of requirements
• Verification, References, Open items, 

Closed
• Classification of requirements

• Linked to Decision of Council of State 
(395/1991 Sections)

• Linked to content of Safety Analysis 
Report

• Linked to project phase (CL, Construction, 
OL)

Requirement Management - Tool
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YVL 7.18: Radiation Safety Aspects in the Design of NPPs

•Design principles:
•design target for collective dose
•radiation sources and shields
•materials
•plant layout
•decontamination
•decommissioning
•accidental situations

•Radiation safety in systems design:
•pipelines
•drainage and leak collection systems
•treatment of resins and concentrates
•limitation of the effluent release

•Regulatory control
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Collective Dose Limitation

•A new design criterion for an annual personnel collective dose
target: 0.5 manSv/ 1 GWe averaged over the plant life

-> 0.8 manSv/year for EPR (1600 MWe)

•EUR document requirement:

The target for annual collective effective dose averaged
over the plant life is 0.5 manSv/unit
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Decommissioning

•Radiation safety aspects of decommissioning shall be taken into 
account already in the design stage:

•materials (activation, spreading of corrosion products, decontamination)

•assessment of radiation sources and amounts of activity during
decommissioning

•layout design: removal of large components, handling of activated
components, system decontamination
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On-Site Habitability during Accidents

•Requlatory guide YVL 7.18 requires analyses of the possible
radiation sources and estimates of emergency worker doses

•Design stage habitability criterion: 

doses may not exceed the normal dose limits of a radiation
worker
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•Direct radiation from the containment is adequately shielded
(penetrations and hatches have to be separately analysed)

•Skyshine from the containment is a special feature at the 
Loviisa NPP

•air contamination in the building next to the containment might
be a dangerous hazard even if the containment is intact and 
leaks only at the nominal rate

•contaminated systems outside the containment create higher
local radiation levels (e.g. ECCS, containment sprays, sampling, 
filtered venting system)

Assessment of the on-site habitability at the 
existing Finnish NPPs
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Other Relevant Radiation Safety Guides
during Construction License Phase

•YVL 1.10 Safety criteria for siting a NPP

•YVL 7.1 Limitation of public exposure in the environment of and 
limitation of radioactive releases from NPPs

•YVL 7.2 Assessment of radiation doses to the population in the 
environment of a NPP

•YVL 7.3 Calculation of the dispersion of radioactive releases from a 
NPP

•YVL 7.5 Meteorological measurements at NPPs

•YVL 7.6 Monitoring of discharges of radioactive substances from NPPs

•YVL 7.11 Radiation monitoring systems and equipment in NPPs 
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•YVL 7.4 NPP emergency preparedness

•YVL 7.7 Radiation monitoring in the environment of NPPs

•YVL 7.8 Environmental radiation safety reporting of NPPs

•YVL 7.9 Radiation protection of NPP workers

•YVL 7.10 Monitoring of occupational exposure at NPPs

Relevant Radiation Safety Guides during
Operating License Phase
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• Application of the present legislation and guidelines to a full-
scale plant project

• Transition from the regulatory oversight of the operating units 
to the construction of a new reactor

• Maintaining a reasonable balance with the oversight of the 
operating units and new NPP

• Open communication and successful project performance, and 
coordination with external stakeholders

• Proactive regulatory work

FIN5 Regulatory Challenges
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Thank You!

www.stuk.fi



The Fifth Nuclear Power Plant in Finland  
from the Radiation Protection Point of View 
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INTRODUCTION 

Teollisuuden Voima Oy (TVO) is a private own company, which operates two ASEA Atom designed BWR 
units in Olkiluoto island in the west coast of Finland. TVO is founded in 1969 and the commercial operation 
of units OL1 and OL2 started in 1979 and 1982 respectively. After two power increase projects the current 
net power of 840 MWe per unit (corresponds to 2500 MW thermal power) was achieved in 1998. The 
company produces electricity to its shareholders at cost.   
 
During the year 2003 over 25 % of the electricity in Finland was produced by nuclear power, meanwhile the 
share of import was 5.7 %. Other notable manners of electricity production are hydropower, co-generation 
(district heating and industry) and condensing power (fossil fuel). Up to the year 2015 the annual electricity 
demands are estimated to increase with 25 – 30 TWh. This is due to the consumption increase, estimated 
decrease of import and reduction of old capacity. (Figure 1). 
 
 

Source: Council of State National Climate Strategy and Finergy
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Figure 1: Additional electricity demand and production increase until 2015. 
 (This estimation was originally released in 1999)  
 
 
 



OVERALL VIEW ON THE NUCLEAR POWER PLANT LICENSING AND PROCUREMENT 
PROCEDURES 

 
The licensing schedule is shown in the Figure 2. In the late 90's the preparedness phase was carried out. The 
Environmental Impact Assessments (EIA) for two alternative sites, Olkiluoto and Loviisa were issued. 
During this phase a number feasibility studies for potential light water reactor concepts were also done.  
 

Application for decision
in principle

Application for decision
in principle

Construction
licence

Environmental 
licence

Other
licenses

Operating licence according 
to the Nuclear Energy Act 
from the Council of State

Construction of nuclear power plant

Commencing power plant operation

Supervision and
licencing inspections

Construction licence 
according to the 

Nuclear Energy Act
from the 

Council of State

Licences
according
to water

legislation

Decision in principle according 
to the Nuclear Energy Act-
- Council of State Decision
- Parliament approval

Environmental Impact
Assessment EIAApplication for decision

in principle

Application for decision
in principle

Construction
licence

Environmental 
licence

Other
licenses

Operating licence according 
to the Nuclear Energy Act 
from the Council of State

Construction of nuclear power plant

Commencing power plant operation

Supervision and
licencing inspections

Construction licence 
according to the 

Nuclear Energy Act
from the 

Council of State

Licences
according
to water

legislation

Decision in principle according 
to the Nuclear Energy Act-
- Council of State Decision
- Parliament approval

Environmental Impact
Assessment EIA

 
Figure 2:  Summary of the licensing procedure of the new nuclear power plant. 
 
 
TVO put in the application for Decision In Principle (DIP) in the autumn 2000. The Council of State (i.e. 
Finnish government) accepted the application 17th January 2002 and the Finnish Parliament confirmed the 
decision after voting 24th May 2002 (107 in favour, 92 against). The decision in principle noted that the 
construction of a new light water reactor, PWR or BWR, on either of the two existing nuclear power plant 
sites in Finland, Loviisa or Olkiluoto is in accord with the "overall good of the society". The electric output 
of the new unit is limited to 1000 - 1600 MWe. 
 
Bid invitations were sent out on 30th September 2002 and the bids were received on 31st March 2003. During 
the bidding phase a number of bids by different power plant suppliers were evaluated. 
Olkiluoto was selected as the location of the new power plant in October 2003. The turnkey contract with 
consortium Framatome – Siemens was established in December 2003.  
 
The execution phase started in the beginning of the year 2004. The commercial operation of the plant is 
planned to start before the end of this decade. The overall time schedule of the process is shown in the 
Figure 3.  
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Figure 3:  Olkiluoto 3 overall schedule 
 
 
 
BID EVALUATION PHASE: RADIATION PROTECTION ASPECTS 

About 100 persons participated in the evaluation work in total, half of them full-time and the rest part-time. 
Special attention was paid on the correct handling of confidential and secret information. E.g. evaluation 
group has own data network, which was physically separated from TVO's administrative network and from 
the outside world. Eight working groups were formed to carry out the technical evaluation of the received 
bids:  
 
 Contract 
 Fuel Contract 
 Technical group 
 Scope of Delivery 
 Reactor Core 
 Safety 
 Calculation 
 Operation & Maintenance 
 
Most of the radiation protection issues were handled in the Operation and Maintenance group, which also 
was in charge of evaluation of O&M-issues, waste handling, chemistry and outage performance as well. 
Certain questions were also co-operated with other working groups, especially Safety group and Technical 
group.   
 
The call for bids, with respect to radiation protection, was based on the EUR-document (European Utility 
Requirement). EUR-document was however reviewed and completed with further demands from YVL-
guidelines, other relevant national requirements, TVO's own expertise and operation experience.  
 
The most essential requirement is the minimization of both collective and individual doses. As stated in the 
ICRP publication 60, BSS 96/29/Euratom, YVL 7.9 etc. the individual radiation exposure of workers is 
limited to 50 mSv/year and to 100 mSv/5 years. Taken into account the decreasing international trends and 
the possibly strengthened recommendations and limits in the future the maximum individual dose target in 
Olkiluoto 3 was set to 5 mSv/year. The collective annual dose target given in the YVL 7.9 is less than 2.5 
manSv/GWe as two years running mean for operating units. YVL 7.18 states that the target for planning of 
new NPP units is less than 0.5 manSv/GWe/year (life time mean). TVO defined the target value of the annual 
collective dose to be less than 0.5 manSv for Olkiluoto 3 (life time mean). During accidents the maximum 
allowable dose for workers, who are not performing life saving actions is set to 50 mSv and the maximum 
allowable dose for public during normal operation and anticipated incidents is less than 0.1 mSv (site 
specific value). 
 



Some key issues, which have a significant contribution on the effectiveness of radiation protection are 
shieldings, plant lay-out, placing of RP-facilities, source term minimization, corrosion, deposition of 
corrosion and fission products, water chemistry, fuel handling, maintenance activities in the controlled area 
and in-service inspections. 
 
As a result to the bid evaluation the power plant unit equipped with EPR (European Pressurized Water 
Reactor) nuclear island and Siemens' turbine island was chosen. The radiation protection aspects, which were 
taken into account during the evaluation process were not deciding. All plants bid could be acceptable at 
least after some modifications. The EPR concept is based on the newest German and French PWRs. 
Framatome ANP names both N4-generation (Civaux 1 and 2, Chooz B1 and B2) in France and the Konvoi-
generation (Neckarwestheim 2, Emsland, Isar 2) in Germany as references. 
 
 
 
MAIN ACTIVITIES DURING THE EXECUTION PHASE AND CONDUCT TO OPERATION 

One of the most important tasks before the start up is the developing enough competence and understanding 
on the behaviour of the new unit. TVO has a lot of experiences on operation of BWRs and has during its 
history managed to keep both individual and collective exposures relatively low. An extremely important and 
challenging objective is to receive equal results in the future in OL3 as well. 
 
Most of the employees have worked since 70's or 80's in TVO and many of them will retire within the next 
ten years. Obviously the change of generation makes further challenges to everybody in the company. Up to 
the present the interest in working in the nuclear power company has been sufficiently high. Radiation 
protection organisation, which is today common for all nuclear facilities in Olkiluoto will certainly expand. 
 
During this year the focus is in the licensing process and generating a good co-ordination between all parties 
attending the project. For example the collection of YVL guides are continuously under updating but none 
NPP have been licensed in accordance with them before. 
 
Later the most resources will be needed for commissioning and procurement of systems and equipments not 
included to the turnkey delivery. 
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for the nuclear industryfor the nuclear industry
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58 units in operation et 9 in dismantling
The nuclear The nuclear power plants of EDFpower plants of EDF
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The nuclear fleet has now The nuclear fleet has now 
reached maturityreached maturity

58 reactors on 19 sites
63 000 MW of installed capacity
1100 cumulative reactor years
Plants commissioned over the period of 
1977 to 2000
Average age = 18 years
It provides 80% of total power output
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A competitive nuclear fleetA competitive nuclear fleet

Other energy forms: 
hydro energy and renewable energies:15%
fossil-fired energy: 5%

A young and largely depreciated nuclear fleet
Among the least costly kWh in Europe
A growing export market in Europe and increasing 
sales on wholesale markets, where volume increased 
by 21.3 TWh in 2002
Long-term price stability due to negligible effect of 
fuel prices
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Aiming to operate nuclear reactors for at Aiming to operate nuclear reactors for at 
least 40 yearsleast 40 years

The 15 to 20 coming years will be characterised 
by a changing production landscape in 
neighbouring countries
In order to retain its competitive edge, EDF aims 
to optimise the life span of its nuclear power 
plants
A minimum target of 40 years is realistic
French legislation does not stipulate maximum 
life-extension limits, but ten-year inspections are 
held in order to obtain the Regulator’s 
permission to extend plant operation by ten 
additional years
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Aiming to operate nuclear reactors for at Aiming to operate nuclear reactors for at 
least 40 years (cont.)least 40 years (cont.)

This goal forms an integral part of EDF 
sustainable development policy, by

Contributing to the achievement of KYOTO 
commitments
Contributing to sustained employment
Keeping up know-how
Guaranteeing access to low-cost electricity
From an economic viewpoint, allocating cash 
flow to refunding debts and financing new 
investments.
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Starting to renew the nuclear fleet as Starting to renew the nuclear fleet as 
of 2017 at the very leastof 2017 at the very least

In the period spanning 2017 to 2030, almost 80% of 
installed capacity will have reached 40 years of age.
France wants to have the option of initiating its 
renewal programme with tried and tested nuclear 
technology.
Indeed, even if renewable energies are developed to 
the full extent of the objectives set for them, they only 
meet a small proportion of demand.
EDF wants to launch a pilot reactor, as effects will be 
seen within 10 years at best.
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What is the EPR?What is the EPR?

The EPR is the European Pressurized Reactor, 
with a capacity of almost 1560 MW. It is a 
pressurised water reactor (PWR), like the 
other reactors making up the EDF nuclear 
fleet.
It is the result of a joint Franco-German 
project worked on by designers Framatome
ANP, Siemens and nuclear operators.
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EPR EPR thethe reactorreactor of of thethe new futurenew future

Nuclear safety Competitive strengh

Framatome N4 Siemens KONVOI

Feed back

A new generation
of nuclear reactor
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Why develop a new generation of Why develop a new generation of 
nuclear reactor?nuclear reactor?

It capitalises on the best reactor design and 
operational practices – 1300 reactor years.
From the design phase onwards, it offers 
significant improvements in terms of nuclear 
safety, radiation protection, environmental 
protection and competitive strength.
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Conception de type évolutionnaire

Réacteur à eau pressurisée à 4 
boucles 

Durée de vie : 60 ans 
Puissance électrique nette: 1560 

MWe 
Gros Cœur   avec 241 

assemblages

Accidents graves traités à la 
conception  

4 trains de sauvegarde mécaniques et électriques 
Confinement à double enceinte avec peau métallique
Enceinte interne dimensionnée à 6,5 bars (acc. graves)
Coque externe protégeant l’îlot nucléaire des chutes d ’avion 
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The EPR, a step forward in the The EPR, a step forward in the 
area of radiation protectionarea of radiation protection

The EPR curtails the effects of radiological 
accidents.
The reactor building, which houses the 
nuclear steam supply system, is designed in 
such a way as to prevent any uncontrolled 
release and will obviate the need to evacuate 
members of the public in the event of a 
serious accident.
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What are the technical reasons?What are the technical reasons?

The double-walled containment structure is 
reinforced by an internal metal liner, 
factoring in a more extensive “range” of 
accident scenarios. The double wall offers 
better protection against internal and external 
hazards.
A core-melt recovery and cooling system has 
been installed to avert any risk of radioactive 
substances penetrating the sub-soil.
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Enhanced economic competitive Enhanced economic competitive 
strengthstrength

The EPR will make it possible to generate 
electricity more cost effectively than at the 
present time, for a number of reasons

Capability factor of 91% (as against 82%), 
supported by reduced outage times
More effective fuel management: 

Uranium oxide enriched to almost 5% with uranium 235
MOX , fuel using plutonium
Neutron reflectors

Foreseeable life span of 60 years
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An even more environmentally An even more environmentally 
friendly reactorfriendly reactor

All gaseous effluents monitored prior to release
Liquid effluent processing systems will be 
optimised at source
Technical progress in four areas

Improved fuel energy efficiency
Elimination of materials becoming active when 
subjected to flux
Continuous recycling of certain effluent processing 
resins
Large-scale effect: reduced waste volumes for 
decommissioning
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Optimised radiation protectionOptimised radiation protection

Simplified and reduced human activity.
Organisation of work sites during 
outage will further reduce individual 
and collective dose by means of 4 safety 
trains.
Collective dose target of less than 
0.5man Sv.
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Performance objectivesPerformance objectives
16-DAY MAINTENANCE OUTAGES MADE POSSIBLE BY DESIGN

o Fast cold shutdown process
o Fuel unloaded as early as possible owing to cooling 

system design
o Maintenance simultaneously performed on two trains
o Shorter start-up physics tests
o Reduced number of maintenance activities due to on-

line maintenance
ON-LINE PREVENTIVE MAINTENANCE

o Reactor building can be entered 7 days prior to outage 
and 3 days afterwards
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PRIMARY CIRCUIT : PRIMARY CIRCUIT : Two Rooms Two Rooms ConceptConcept

: Zone Inaccessible Le concept de séparation 
du BR en 2 zones a été 
adopté pour autoriser 
l’accès en puissance pour 
travaux de maintenance 
préventive.

On confine la radioactivité 
du réacteur en 
fonctionnement dans les 
zones directement au 
contact du CPP pour 
lesquelles l’accès est 
strictement réglementé
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Dose improvement vectors from Dose improvement vectors from 
a design perspectivea design perspective

Reduction of stellites by reducing the 
reactor vessel’s hardfaced surface area 
from 0.45m2 to 0.14 m2

Investigations into eliminating Ag

Fully forged vessel nozzles
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Dose improvement vectors from Dose improvement vectors from 
an operations perspectivean operations perspective

Chemistry and operation
Purification capability in shutdown 
procedures
Oxygenation
Hunt for hot spots
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The EPR is an insurance policy for The EPR is an insurance policy for 
the current fleet’s sustained the current fleet’s sustained 
competitive strengthcompetitive strength

In this respect, the construction of an 
EPR pilot:

“Safeguards” the producer against life-
span risk
Provides a coverage option with regard to 
the security of European energy, the risk of 
gas-generated electricity and the absence of 
other available competitive means of 
production
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In conclusionIn conclusion

With the average price of gas that 
would be used in combined gas cycles, 
the EPR is competitive.
Do you think that a Finnish paper 
manufacturer would have invested in 
an EPR if it wasn’t competitive? Or 
safe? Or clean?
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EPR dans la concurrence
FINLAND 5 : NPP OLKILUOTO
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Abstract: 
In 2001 a modernization of the Accident Localization System (ALS) on unit 4 was accomplished. The 
outage duration was longer then usually and special dose budget was elaborated. All ALS work was 
performed by external organization. An ALARA implementation was recognized priority. The really 
accumulated collective doses were analyzed and conclusions drawn. A short film on CD was prepared.  
 
 

1. Preliminary information 
 

According to the modernization Programme’ 97 of NPP Kozloduy priority task was the Accident 
Localization System. Main part of it is the Vortex Jet Condenser. 

 
Due to modernization activities in 2001 including the modernization of Accident Localization 

System (ALS) the outage of unit 4 was prolonged to 4 months, (22.08.2001-22.12.2001). The projected 
collective dose was 1610 man.mSv. The projected collective dose (dose budget) just for ALS activities 
was 300 man.mSv. This dose budget was based on the technology to be used and the expected working 
time for the main activities. Consideration was given to the gamma dose rate (dose rate mapping) as well. 

 
The gamma dose rate on the working places in the Restricted Control Area (RCA) was 0.005- 

0.03 mSv/h. For a short- time activities, on some hot spots the dose rate was up to 0.80mSv/h.  
 
Before the work started a group of engineers and worker was delegated to Novovoronezh NPP, 

where similar system was already erected. The purpose of the visit was to gather information about: 
- what instrumentation was used; 
- what facilities should be available and applied; 
- what was the most crucial task; 
- how the work was scheduled; 
- what is the optimum number of workers per shift; 
- radiation safety measures; 
- any experience feedback; 
 

 2. ALARA implementation  
 

The project was performed by subcontractor. The modernization activities started from the first 
days along to the end of the outage.  
 

The existing ALARA approach was implemented: 
- Instruction of the personnel about used technology and systems location; 
- Gamma dose rate mapping at the entrance of the RCA; 
- Pre-briefing of workers; 
- All preparatory work was performed outside the RCA; 
- Decontamination of the floor; 
- Individual dose control by TLD and alarm electronic dosimeters; 
- Weekly management meetings; 



 

 
A short ALARA course was given to each worker group. A very detailed planning of the 

work sequence of the different tasks and transportation routes were established.  
 

One key aspect was the effective empowerment of the workforce. The work management 
of this modernization emphasized this aspect and we believe it was successfully applied. On daily 
and weekly meetings we tried to talk to the workers and third line management, and motivate 
them to perform job in efficient and effective manner. Good communication with RP personnel 
and all workers, and everyday dose records reports helped to follow the set goals. 
 

Monitoring of the internal contamination was performed before and at the end of the 
activities.  

 
3. Dose management.  
 
 Dose management was conducted according to the procedures in KNPP and ALARA 
meetings decisions: 

-  Dosimetry with TLD badges and electronic alarm dosemeters were used for the dose 
control of the personnel;  

-  The highest permissible dose in the Radiation Work Permit was 0.5 mSv; 
-  The maximum permissible accumulated individual dose for all ALS modernization 

5 mSv; 
-  A daily analysis and comparison of the expected and committed dose; 
-  Dose rate mapping was performed in any single RWP; 
-  Continuous monitoring of the levels of air contamination. 

 
Dose reports were accomplished on daily basis and transmitted to all involved persons.  
 
4. Results 
 
4.1. Dose analysis 
 
In the end of ALS modernization about 606 Radiation Work Permits were issued. About 210 

workers were controlled.  No one worker received a dose higher then 0.2mSv/day. The maximum 
individual dose was 5.8mSv, about 15% higher than the allowable value. The worker was busy with 
cutting, and dismounting activities. The average individual dose due to ALS modernization was 1.16mSv. 
The real collective dose for all ALS activities was 243.4 man.mSv, and for the whole outage - 1732.7 
man.mSv. About 35 different tasks were observed.  

 
No internal contamination at the end of the ALS modernization was detected.                               
 
Based on the requested task in the Radiation Work Permits (RWP), dose distribution analyzes 

were performed. All RWPs  were grouped in 6 main tasks: 
 
- Dismantling of valves –123 RWP with collective dose 47 man.mSv; 
- Mounting of valves –31 RWP with collective dose 20.1 man.mSv; 
- Metal control –11 RWP with collective dose < 1man.mSv; 
- Preparation activities for mounting –67 RWP with collective dose 37.8 man.mSv; 
- Sawing, drilling and transportation 254 RWP with collective dose 90.2 man.mSv; 
- Mounting activities of ALS (all) –96 RWP with collective dose 42 man.mSv; 

 
 



 

The dose distribution is shown on the following chart: 
 

19%

8%

0.4%

15%37%

17%

Dismantling of valves-19%
Mounting of valves-8%
Metal control-0.4%
Preparation activities for mounting-15%
Sawing, drilling and transportation-37%
Mounting activities of ALS (all)-17%  

  
4.2. Radioactive waste generation 
 
During the reconstruction activities a quite big amount of concrete and metal wracks was cut out 

and removed from the restricted area. Most of it, about 200 m3, was not contaminated. The radiological 
limitation was: non fixed beta activity less then 0.4 Bq/cm 2, and gamma-dose rate less than 0.20 µSv/h.  

 
All measurements were performed on previously selected area with low background (15-

20 µSv/h). About 5 m3 were determined as radioactive waste. 
 

5. Conclusion: 
 

5.1. Good work management and a first attempt of effective empowerment of the workers gave 
satisfactory results. 

 
5.2 Although the work was not typical, and performed for a first time, the ALARA 

implementation reduced the projected collective dose with 19 % 
 
 References: 
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Modernization of ALSModernization of ALS
Due to modernization activities in 2001 the outage of Due to modernization activities in 2001 the outage of 
unit 4 was prolonged to 4 months, (22.08unit 4 was prolonged to 4 months, (22.08--22.12). The 22.12). The 
projected collective dose was 1610man.mSv.projected collective dose was 1610man.mSv.
Modernization of Accident Localization System Modernization of Accident Localization System 

(ALS) was foreseen. The projected collective dose (ALS) was foreseen. The projected collective dose 
(dose budget) for ALS activities only was (dose budget) for ALS activities only was 
300man.mSv.300man.mSv.
This dose budget was based on the technology used This dose budget was based on the technology used 

and the expected working time for the main activities. and the expected working time for the main activities. 
Consideration was given to the gamma dose rate too.Consideration was given to the gamma dose rate too.
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Modernization of ALSModernization of ALS
The gamma dose rate on the working places in The gamma dose rate on the working places in 
the Restricted Control Area (RCA) was 0.005the Restricted Control Area (RCA) was 0.005--
0.03 0.03 mSv/hmSv/h. . 
For a shortFor a short--time activities, on some hot spots time activities, on some hot spots 
the dose rate was 0.80 the dose rate was 0.80 mSv/hmSv/h..

The project was performed by subcontractor. The project was performed by subcontractor. 
The modernization activities started from the The modernization activities started from the 
first days along to the end of the outage. first days along to the end of the outage. 
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Modernization of ALSModernization of ALS
The existing ALARA approach was implemented:The existing ALARA approach was implemented:
Instruction of the personnel about used technology and Instruction of the personnel about used technology and 
systems location;systems location;
Gamma dose rate mapping at the entrance of the RCA;Gamma dose rate mapping at the entrance of the RCA;
PrePre--briefing of workers;briefing of workers;
All preparatory work was performed outside the RCA;All preparatory work was performed outside the RCA;
Decontamination of the floor;Decontamination of the floor;
Individual dose control by TLD and alarm electronic Individual dose control by TLD and alarm electronic 
dosimeters;dosimeters;
Weekly management meetings.Weekly management meetings.
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Modernization of ALSModernization of ALS
To the end of ALS modernization about 606 To the end of ALS modernization about 606 
Radiation Work Permits were issued. Radiation Work Permits were issued. 
No one worker received a dose higher then No one worker received a dose higher then 
0.25mSv/day. 0.25mSv/day. 
The real collective dose for all ALS The real collective dose for all ALS 
activities was 243.4man.mSv, and for the activities was 243.4man.mSv, and for the 
whole outage whole outage -- 1732.7man.mSv. 1732.7man.mSv. 
About 35 different tasks were observed. About 35 different tasks were observed. 
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Modernization of ALSModernization of ALS

DosimetryDosimetry with TLD badges and electronic alarm with TLD badges and electronic alarm dosemetersdosemeters were were 
used for the dose control of the personnel; used for the dose control of the personnel; 
The highest permissible dose in the Radiation Work Permit was 0.The highest permissible dose in the Radiation Work Permit was 0.5 5 
mSvmSv;;
The maximum permissible accumulated individual dose for all ALS The maximum permissible accumulated individual dose for all ALS 
modernization 5 modernization 5 mSvmSv;;
A daily analysis and comparison of the expected and committed A daily analysis and comparison of the expected and committed 
dose;dose;
Dose rate mapping was performed in any single RWP;Dose rate mapping was performed in any single RWP;
Continuous monitoring of the levels of air contamination.Continuous monitoring of the levels of air contamination.
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Modernization of ALSModernization of ALS
Dose distribution analyzes were performed. Dose distribution analyzes were performed. 
The RWP were grouped in 6 main tasks:The RWP were grouped in 6 main tasks:
Dismantling of valves Dismantling of valves ––123 RWP with 47 123 RWP with 47 man.mSvman.mSv;;
Mounting of valves Mounting of valves ––31 RWP with 20.1 31 RWP with 20.1 man.mSvman.mSv;;
Metal control Metal control ––11 RWP with < 1man.mSv;11 RWP with < 1man.mSv;
Preparation activities for mounting Preparation activities for mounting ––67 RWP with 37.8 67 RWP with 37.8 
man.mSvman.mSv;;
Sawing, drilling and transportation Sawing, drilling and transportation --254 RWP with 90.2 254 RWP with 90.2 
man.mSvman.mSv;;
Mounting activities of ALS (all) Mounting activities of ALS (all) ––96 RWP with 42 96 RWP with 42 
man.mSvman.mSv;;
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Modernization of ALSModernization of ALS

The dose distribution is shown on the following chart:The dose distribution is shown on the following chart:

19%

8%

0,4%

15%37%

17%

Dismantling of valves
Mounting of valves
Metal control
Preparation activities for mounting
Sawing, drilling and transportation
Mounting activities of ALS (all)
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Modernization of ALSModernization of ALS

A A programmeprogramme for minimization of radioactive for minimization of radioactive 
waste generation was implemented:waste generation was implemented:

Over 210 mOver 210 m33 mixed waste was generated;mixed waste was generated;
Only 5 Only 5 mm3 3 was determined as low as radioactive was determined as low as radioactive 

waste.waste.
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Modernization of ALSModernization of ALS

Conclusion:Conclusion:

Good work management and first attempt of Good work management and first attempt of 
effective empowerment of the workers gave effective empowerment of the workers gave 
satisfactory resultssatisfactory results

Although the work was performed for a first time Although the work was performed for a first time 
the ALARA implementation reduced the projected the ALARA implementation reduced the projected 
collective dose by 19 %collective dose by 19 %
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Introduction 

Since 1992, many improvements have been achieved at EDF in terms of reducing occupational 

radiological exposures. Many efforts have been done in several areas, but without knowing what are 

the factors that have most influenced these results. It would therefore be of interest now to know more 

about that in order to be able to decide where to invest with an optimal efficiency to further improve 

occupational radiological protection. 

 

Objectives and methods 

At the request of EDF, CEPN has performed an in depth statistical analysis in order to reveal the 

respective influence of factors explaining outage doses dispersion in France, and therefore to determine 

which factors are still potential levers for continuing improvement of occupational radiological 

protection. The study has been first carried out among more than 137 outages corresponding to the 

period 1998 – 2000; the period has then been expanded with two extra years 2001 and 2002, which has 

allowed studying 226 outages. Eleven qualitative variables and 39 quantitative variables were selected 

to take into account reactors design features (10 variables), characteristics of the operation of the plants 

(15 variables), and characteristics of the shutdown (15 variables), and of the outages themselves (13 

variables) (see annexes 1 and 2). Many of these variables are similar to variables requested in the so-

called level 2 questionnaire of ISOE (materials and components, primary water chemistry and 

contamination levels, hot spots…). 

 



Most of the results from the first study have been confirmed in the second one; therefore, we will here 

present the results on the five years period, proposing an analysis of the evolution between the three 

first years and the recent period only in a few cases when the results of the first period have not been 

confirmed. The main differences between the first step and the second, is that the impact of some 

variables that was not significant became significant, as the size of the samples had increased. 

 

The study has been performed for the outages sample as a whole as well as for each type of French 

Pressurised Water Reactors and for each major type of outages (simple refuelling outage (ASR), short 

maintenance outage (VP) and long decennial outage (VD)).  

 

To achieving the previous objectives, CEPN has performed a statistical study in two steps: an analysis 

of the qualitative variables influence on outage doses, followed by an analysis of correlations between 

doses and each quantitative variable. All calculations have been performed using STATGRAPHICS 

Plus software.  

 

Results 

 

• Analysis of the influence of the qualitative variables on outage doses dispersion. 

 

This study confirmed the very important impact of the design on the collective dose level during 

outages. Among the 5 years analysed, doses from the 900 MWe units are 30% higher than those of the 

1300 MWe units. The same gap may be observed for the simple refuelling outages (ASR) as well as for 

the short maintenance outages (VP). It is even more important between the two types of reactors (40%) 

for the ten years outages (VD).  

 

The study confirms a statistically significant impact of SG tubes material and fabrication as well as of 

SG channel head electropolishing on outage dose.  

 

It is interesting to see that there is no relationship between the use of MOX fuel and outage doses, 

which let consider that there is no significant impact of the MOX fuel on the source term.  

 

One may have expected that, on the 900 MWe units, the type of reactor boron and water make up 

system might have had an impact on the level of the doses: actually, there are two systems for the 

cover of the tank corresponding to that system, one with air under the cover and one with nitrogen 



under the cover; it was therefore suspected that any bore injection in the system with air, will have 

introduced oxygen into the primary circuit, leading to oxidation and contamination. This is not 

verified, or at least there is no significant difference with those reactors with nitrogen under that tank 

cover.  

 

Qualitative Variables 
Total 

sample
Outage type 900 MWe 1300 MWe 

  ASR
V
P 

V
D 

All ASR 
V
P 

V
D 

All  ASR  
V
P 

VD

Reactor type + + + +         
Outage type +    +    +    
Presence of hot spots + + +  + + +  -  -  
Use of MOX fuel - - - - - - - -     
Large tasks + - + - +  + - +  + - 
SG tube material + + + + + + + - + - -  
SG tubes manufacturer + + + - + - - - - - + - 
Electropolishing SG channel head + - +      - - +  
SG Type + + + + + - - -     
Reactor boron and water make-up 
system 

+ + + + - - -      

+ Significant relationships since the first step of the study; + new significant relationships with increased size 
of the sample in the second step. The blocks in black are those where any analysis should be avoided (a priori 
not meaningful). The blocks with – are those where no relationship is significant.  

 
 
 

• Analysis of the influence of the quantitative variables on outage doses dispersion. 

 

Moreover, to study relationships between dose and quantitative variables, doses from units with hot 

spots have been normalised by dividing them with a 1.3 factor, as a 30% extra dose has been pointed 

out as a significant average impact resulting from these hot spots on outage doses.  

 

Furthermore, due to the influence of the reactor type and outage type on doses, most analysis have 

been performed successively on the total sample, samples by type of outages, samples by type of 

reactors, samples crossing the previous variables (when enough data exist in the sub-samples). This has 

allowed comparing more homogeneous reactors as regards these variables.  

 



It is not surprising to find that the most important variable, which presents, by far, the highest 
correlation coefficients (more than 0.7), not only for the sample as a whole, but for each sub-sample by 
type of reactors (900 MWe or 1300 MWe) and even by type of outage for each type of reactor, is the 
time spent in controlled area. Having that in mind, it should be very important to create and follow up 
new variables that might influence the dispersion of these “time spent”, and on which it may be 
expected to have an influence: percentage of mishaps, reworks, fortuitous works, work management, 
frequency and justification of controls… It is obvious that some doses (and money!) may still be saved 
in reducing the time spent in controlled area, as the impact of that variable remains significant even 
within homogeneous outages for the same type of reactor to explain differences in terms of doses. This 
comforts the expectations from ISOE a few years ago when issuing the book on “work management”. 
 
Another conclusion from that part of the study is that the time spent in the controlled area is a good 
estimate of the “actual exposed workload”, contrarily to the length of the outage in terms of days, 
which was often referred to in the past as a good variable. Therefore, it seems very important in the 
future that the information on the time spent in the controlled area will be well followed both at the 
outage as a whole and at the task levels to allow performing useful benchmarking nationally and 
internationally.  
 
That variable is therefore the first variable explaining outage doses dispersion. It is not possible to 
demonstrate that any other quantitative variable (but for a few very specific exceptions that will be 
pointed out later on) taken alone has a significant impact on the dose dispersion 
 
One can then suppose that all other impacts are hidden by the influence of the time spent in controlled 
area. To remove that influence, a very efficient solution is the one proposed by our Spanish colleagues 
at Tarragona [1]: the elaboration of a ratio “outage dose divided by the time spent in controlled area” 
the so-called “dose index”. That outage dose index might be considered as the average dose rate “used” 
during the outage as a whole.  
 
All statistical correlations have then been performed between the remaining variables and the outage 
dose index to reveal the influence of other operating and outage variables. At that stage the impact of 
other variables becomes significant. The first of them is the radiological state of primary circuit (so 
called “indice de tranche” in the French plants). That variable is the average of a few dose rates 
measured on the cold and hot legs of the primary pipes in the SG containments with very precise 
conditions (positions, time after shutdown, circuit configuration…) in all French plants, following 
recommendations from the SMRP Programme of EPRI. That variable is nevertheless not as powerful 
as the time spent in the controlled area for explaining the outage doses dispersion, but one has to have 



in mind that radiological state of the primary circuit, by definition does not take into account the 
contamination of auxiliary circuits where (or in the vicinity of which) many works are performed. In 
that context the radiological state of primary circuit only becomes a very powerful variable (correlation 
coefficient higher than 0.7) for the ten years outages (VD) where much more work is performed on the 
primary circuit than during the other outages (on may even notice that for the ten years outages the 
radiological state of primary circuit is significant not only to explain the dispersion of the dose index 
but also to explain the dispersion of the outage doses themselves).  
 
It is important to point out that even if cobalt 60 is very important during the first cycles, it remains a 
significant pollutant impacting dose rates and doses with ageing of the units as seen in the study for the 
900 MWe units. It confirms the importance of stellite reduction programmes for that type of reactors as 
well as the importance of reducing CO59 content in the steels at both design and modification stages.  
 
When analysing other radio-elements potentially contributing to dose through gamma emissions, some 
other become also significant contributors for the 1300 MWe units as cobalt is less important. It re-
emphasises the importance of a circuit purification strategy not only focussed on cobalt, but also 
adapting the chemical specifications according to the type of pollutant (Ag, Sb…). EDF has developed 
such a strategy with all its partners (EDF headquarter departments, CEA, FRAMATOME). It will be 
now implemented. 
 
The time spent in the controlled area by the health physicists appear also as an important variable for 
the 900 MWe units. The highest the time, the lowest are the doses with quite good correlations 
whatever the type of outage (ASR, VP or VD). The impact of this variable to explain the dispersion of 
doses has been even strengthened with the data from two the last two years. One may wonder why the 
same impact may not be observed on the 1300 MWe. An analysis of the data shows that the time spent 
in the controlled area by the health physicists is much more important (66% more) on the 1300 MWe 
units than on the 900 MWe units (75% more for the small outages ASR), with a smaller dispersion (the 
minimum values are between two and four time lower for the 900 MWe units depending on the year; 
the standard deviations are quite similar in absolute values, i.e. lower in relative values). Therefore the 
discrepancy between the two types of reactors is not surprising and one can then expect in the future 
that a global increase of the time spent in the controlled area by the health physicists in the 900 MWe 
units, particularly for those where that time is the lowest, will facilitate a reduction of the outage doses. 
 
The time spent by the managers was also introduced as a potential variable to explain the dispersion of 
outage doses. Unfortunately the correlations are quite good but positive, of course it does not mean that 



the presence of the mangers is not useful, but clearly it just demonstrate that the longer are the outages, 
the highest the time spent in the controlled area by the managers and the highest the outage doses. 
 
In a first time (three first years), the time spent in the controlled area by the individuals in charge of 
decontamination has appeared important for the 1300 MWe units. This is not any more the case when 
taking two more years. This does not mean that decontamination is not useful for reducing doses, but it 
just corresponds to an important reduction of the dispersion of the time spent during the different 
outages (by more than a factor 3). 
 
As well as the impact of the qualitative variable “ type of reactor boron and water make up system”, 
some quantitative variables representatives of the number of rapid and important “load modifications” 
during the cycle, were introduced to check if the corresponding water movements may have introduced 
a significant oxidation and therefore an increase of the dose rates and doses. Correlations are no more 
significant with these variables than the impact of the qualitative variable. This comforts the 
conclusions of EMMEC measurements performed by the French Atomic Energy Commission that 
these load modifications cannot be significantly related to the outage doses. 
 
Another variable has been introduced for checking the impact of the corrosion: the number of days 
during the cycle with “pH” lower than 6.9. It was expected that the higher that number, the higher the 
acidity and the corrosion in the primary circuit, the higher the dose rates nearby the primary circuit. 
What has been first observed is a difference of behaviour between the 900 MWe and 1300 MWe, as 
there is nearly two times more days for the 1300 MWe: 20 days ± 12 instead of 12 days ± 8 (but one 
has to have in mind that the fuel cycle is 18 months for the 1300 MWe while it is one year for the 900 
MWe). Secondly, in most situations no significant correlation with either the dose index or the 
radiological state of primary circuit have been observed, but for the 1300 MWe during short outages 
only during the first period of the analysis (1998-2000) with both the radiological state of primary 
circuit and the dose index. The main characteristics of that sub-sample is that there has been an 
important increase of the average number of days between 1999 and 2000 (from 12 days to 23) with an 
increase of the dispersion, while it remains stable from 2000 to 2002. The example of this variable (and 
some of the previous) shows both: - that, even if some phenomenon’s are obvious (impact of acidity on 
corrosion…) the discrepancies between the units on the selected indicators are often not enough 
important to show significantly that they play a role for explaining the dispersion in terms of outage 
doses or dose index; - furthermore that it is not obvious to find good indicators. 
 
 



Conclusion 
 
The results presented here are just examples of what can be done with such a study both in France and 
at the international level with ISOE 2 data when fulfilled; they may be considered as preliminary 
results, they must be confirmed and validated.  
Of course, some variables such as Zinc injection have not been studied here, as they were not relevant 
in France. Some others have not been kept such as biological shielding tons installed during the outage, 
as the information was not available in the French plants.  
However that study has pointed out the interest of mixing qualitative and quantitative variables, the 
interest of mixing descriptive statistical analysis with the analysis of correlations between dose 
dispersion and other variables dispersions as well as there evolution with time.  
 



 

ANNEX 1 - Qualitative Variables  

 

Variables Modalities 

Design variables   

Type of reactor 900 MWe, 1300 MWe 

Generation Three generations for the 900 MWe and 2 for the 
1300 MWe 

Reactor boron and water make up system  Three modalities (with air, with nitrogen, floating cover) 
Steam Generator Type  51A, 51B, 51BI, 51M, 4722, 6819 
SG tube material MA600, TT600, TT690 
Electropolishing SG channel head Yes, No 
SG tubes manufacturer Vallourec, Sandvick, Westinghouse 
Operation variable  

MOX fuel used Yes, No 
Shutdown variables  

Outage type Simple Refuelling outage (ASR), Partial checking outage 
(VP), Ten years outage (VD) 

Large tasks SGR, VHCR, … 
Presence of hot spots Yes, No 
 
The first two variables correspond to the definition of the sister unit groups of the ISOE System.  
 
 



ANNEX 2 - Quantitative Variables 

Design variables 
SG cobalt content (in ppm) 
Number of standard fuel clusters 
Number of fuel clusters with cladding 
Operation variables 
Average pH at cycle starting 
Number of days with pH < 6.9 
Average H2 content (in ml/kg-TPN) 
Cycle length (in equivalent fuel power days) 
Number of abnormal operating situations (three set of modalities) 
Fuel enrichment rate 
Number of MOX assemblies 
Age 
Number of days with reduced power 
Variables at outage start 
Maximum values at the oxygenation peak (in MBq/t): 
- γtotal,  - Ag110m, 
- Co58,  - Sb124,  
- Co60,  - Sb122,  
- Cr51,  - rapport γtotal/Co58 
Purification length since oxygenation peak (in hours) 

Maximum values at the primary pumps stop (in MBq/t): 
- Co58,  - Ag110m 
- Co60,  - Sb124 
- Cr51,  - Sb122 
Variables during shutdown 
Managers collective dose 
Health Physicists collective dose 
Collective dose for decontamination 
Total man-hours in controlled area  
Total managers man-hours in controlled area  
Total health physicists man-hours in controlled area  
Total man-hours in controlled area for decontamination 
Number of extra days when shutdown prolonged  
Dose rate index nearby primary circuit (in 1E-2mSv/h) 
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CEPN

OBJECTIVES OF THE STUDY 

Since 1992, at EDF, many efforts in reducing 
occupational radiological exposures. 
Without knowing what are most important  factors
In depth statistical analysis of influence of factors 
explaining outage doses dispersion in France, 
To determine which are still potential levers for 
continuing dose optimisation.



CEPN

METHOD 

First step: data from 137 outages (1998 – 2000); 
Second step: extension to 2001 and 2002, has 
allowed data from 226 outages.
11 qualitative variables and 
39 quantitative variables 



CEPN

METHOD 

– reactors design features (10 variables), 
– characteristics of the operation of the plants (15 

variables), and 
– characteristics of the shutdown (15 variables), 
– and of the outages themselves (13 variables)

Many variables similar to those requested in the 
ISOE level 2 questionnaire 
– (materials and components, primary water 

chemistry and contamination levels, hot 
spots…)



CEPN

METHOD 

Analysis of the qualitative variables influence on 
outage doses, 
Analysis of correlations between doses and each 
quantitative variable. A well as quantitative 
analysis of the evolutions,
Use of  STATGRAPHICS Plus software. 
Sample as a whole; each type of French PWR ; 
each major type of outages (simple refuelling 
outage (ASR), short maintenance outage (VP) and 
long ten years outage (VD)



CEPN

QUALITATIVE VARIABLES ANALYSIS

qualitatives
Total

sample
Outage type 900 MWe 1300 MWe

Variables ASR VP VD All ASR VP VD All ASR VP VD

Reactor type + + + +
Outage type + + +
Presence of hot spots + + + + + + - -
Use of MOX fuel - - - - - - - -
Large tasks + - + - + + - + + -
SG tube material + + + + + + + - + - -
SG tubes manufacturer + + + - + - - - - - + -
Electropolishing SG channel head + - + - - +
SG Type + + + + + - - -
Reactor boron and water make up
system

+ + + + - - -

qualitatives
Total

sample
Outage type 900 MWe 1300 MWe

Variables ASR VP VD All ASR VP VD All ASR VP VD

Reactor type + + + +
Outage type + + +
Presence of hot spots + + + + + + - -
Use of MOX fuel - - - - - - - -
Large tasks + - + - + + - + + -
SG tube material + + + + + + + - + - -
SG tubes manufacturer + + + - + - - - - - + -
Electropolishing SG channel head + - + - - +
SG Type + + + + + - - -
Reactor boron and water make up
system

+ + + + - - -



CEPN

QUALITATIVE VARIABLES ANALYSIS

Very important impact of the design
– Type of reactor (30%)
– statistically significant impact of SG tubes 

material and fabrication, and SG channel head 
electropolishing

no relationship with MOX fuel, which let consider 
that there is no significant impact of the MOX fuel 
on the source term



CEPN

QUALITATIVE VARIABLES ANALYSIS

Impact of “reactor boron and water make up 
system” type 
– Two types of covers (on the 900 MWe) with air 

or nitrogen
– No noticeable impact

Impact of hot spots presence: ± 30 % extra dose
Normalisation of doses by 1.3



CEPN

QUANTITATIVE VARIABLES ANALYSIS

Time spent in controlled area is by far the most 
important variable (cc >.7) at all levels of analysis
Should be important to follow other variables 
influencing the time spent: mishaps, reworks, 
fortuitous works…
Comfort the expectations from ISOE when issuing 
a book on “work management”
Time spent better approximates the exposed 
workload than length of outage in terms of days



CEPN

QUANTITATIVE VARIABLES ANALYSIS

Most other variables impacts hidden by the time 
spent

Use the dose index to go further
– Ratio « outage dose divided by time spent »

Impact of other variables become significant to 
explain the dispersion of the dose index. 



CEPN

QUANTITATIVE VARIABLES ANALYSIS

The radiological state of the primary circuit 
(average of dose rates measured following EPRI 
SMRP recommendations)

Not as powerful as “time spent”, for explaining 
dose dispersion (role of auxiliary circuits)

But for ten years outages



CEPN

QUANTITATIVE VARIABLES ANALYSIS

cobalt 60 very important during the first cycles
it remains a significant pollutant impacting dose 
rates and doses with ageing of the units as seen in 
the study for the 900 MWe units. 
– importance of stellite reduction programmes for 

that type of reactors
– importance of reducing CO59 content in the 

steels at both design and modification stages. 



CEPN

QUANTITATIVE VARIABLES ANALYSIS

other radio-elements potentially contributing to 
dose through gamma emissions, become also 
significant contributors for the 1300 MWe units as 
cobalt is less important. 
It re-emphasises the importance of a circuit 
purification strategy not only focussed on cobalt, 
but adapting the chemical specifications according 
to the type of pollutant (Ag, Sb…). 
EDF has developed such a strategy that will be 
now implemented.



CEPN

QUANTITATIVE VARIABLES ANALYSIS

The time spent in the controlled area by the health 
physicists: an important variable for the 900 MWe
units. 
The highest the time, the lowest are the doses with 
quite good correlations whatever the type of 
outage (ASR, VP or VD). 
Why not for the 1300MWe ?
Average time +66% with smaller dispersion
How to increase time spent in the 900 Mwe units?



CEPN

QUANTITATIVE VARIABLES ANALYSIS

Time spent by the managers was also introduced 
as a variable 
Unfortunately, the correlations are quite good but 
positive
It does not mean that the presence of the mangers 
is not useful, 
It just demonstrate that the longer are the outages, 
the highest the time spent in the controlled area by 
the managers and the highest the outage doses.



CEPN

QUANTITATIVE VARIABLES ANALYSIS

In a first time (three first years), the time spent in 
the controlled area by the individuals in charge of 
decontamination has appeared important for the 
1300 MWe units. 
Not any more the case with two more years. 
It corresponds to an important reduction of the 
dispersion of the time spent during the different 
outages (by more than a factor 3).



CEPN

QUANTITATIVE VARIABLES ANALYSIS

number of rapid and important “load 
modifications” during the cycle, were introduced 
to check if the corresponding water movements 
may have introduced a significant oxidation and 
therefore an increase of the dose rates and doses.
Correlations are no more significant with these 
variables than wih the qualitative variable “reactor 
boron and water make up system” type  . 



CEPN

QUANTITATIVE VARIABLES ANALYSIS

Another variable for checking the impact of the corrosion:  
the number of days during the cycle with pH lower than 
6.9. 
Expected that the higher that number, the higher the 
acidity, the corrosion in the primary circuit, the higher the 
dose rates nearby the primary circuit
in most situations no significant correlation with either the 
dose index or the radiological state of primary circuit have 
been observed
but for the 1300 MWe during short outages only during the 
first period of the analysis (1998-2000) with both the 
radiological state of primary circuit and the dose index



CEPN

QUANTITATIVE VARIABLES ANALYSIS

that sub-sample shows an important increase of 
the average number of days between 1999 and 
2000 (from 12 days to 23) with an increase of the 
dispersion, while it remains stable from 2000 to 
2002.
even if some phenomenon’s are obvious (impact 
of acidity on corrosion…) the discrepancies 
between the units on the selected indicators are 
often not enough important to show significantly 
that they play a role for explaining the dispersion 
in terms of outage doses or dose index



CEPN

CONCLUSION

just examples of what can be done with such a 
study, both in France and at the international level 
with ISOE2 data 

It has pointed out interest of mixing qualitative 
and quantitative variables; descriptive statistical 
analysis with the analysis of correlation 
dispersions as well as there evolution
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Abstract  
The occupational radiation doses at Swedish NPPs have decreased with roughly a factor of two from 
the beginning of the 1990’s until today. The average collective dose during the last five years is 
10 manSv for eleven operating reactors. During the same period, the average annual individual dose to 
the personnel has decreased from 3 – 4 mSv/year to about 2 mSv/year. In this presentation, the meas-
ures taken to improve the radiological conditions at the NPPs are briefly reviewed and the present 
status is described. The expectations for the future are outlined. The SSI summarises past experiences 
and the prerequisites for preserving good radiation protection conditions by the following catch words: 
Competence, Experience Feedback, Preventive Measures, and Long-Term Planning.  
 

The Swedish Nuclear Programme 
Sweden has eleven operating nuclear power reactors while two reactors have closed operations. Three 
of the reactors are Pressurised Water Reactors, PWRs, delivered by Westinghouse Monitor AB and 
put into commercial power production in the period 1975 – 1983. Eight reactors are boiling water 
reactors, BWRs. They were delivered by ASEA Atom AB and started their commercial power pro-
duction during the period 1972 (Oskarshamn 1) to 1985 (Oskarshamn 3 and Forsmark 3). 
 
The two closed reactors, the Ågesta reactor and Barsebäck 1, were shut down in 1974 and 1999, re-
spectively. In Table 1, the main data for the Swedish nuclear power programme is summarized. 
 
 
 Power (th) MW Type Operator Commercial Op-

eration 
Ågesta 105 PHWR AB Atomenergi /Vattenfall 1964 – 1974 
Barsebäck 1 1800 BWR Barsebäck Kraft AB 1975 –1999 
Barsebäck 2 1800 BWR Barsebäck Kraft AB 1977 - 
Forsmark 1 2928 BWR Forsmarks Kraftgrupp AB 1980 - 
Forsmark 2 2928 BWR Forsmarks Kraftgrupp AB 1981 - 
Forsmark 3 3300 BWR Forsmarks Kraftgrupp AB 1985 - 
Oskarshamn 1 1375 BWR OKG Aktiebolag 1972 - 
Oskarshamn 2 1800 BWR OKG Aktiebolag 1975 - 
Oskarshamn 3 3300 BWR OKG Aktiebolag 1985 - 
Ringhals 1 2500 BWR Ringhals AB 1976 - 
Ringhals 2 2660 PWR Ringhals AB 1975 - 
Ringhals 3 2783 PWR Ringhals AB 1981 - 
Ringhals 4 2783 PWR Ringhals AB 1983 - 
  
Table 1.  Main data for the Swedish Nuclear Power Programme   
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The electric power in Sweden is almost entirely produced in hydro and nuclear power stations. In the 
period 1990 – 2001, on average, nuclear power accounted for 46 % of the total electric power produc-
tion in Sweden.  
 
External factors 
Good radiation protection conditions are principally the result of good awareness of, and commitment 
to, radiation protection at the nuclear facility. External factors, however, influence the radiation pro-
tection issues.  
 
International Organisations 
The work practices and the radiation protection philosophy applied, as well as rules and regulations, in 
Sweden, are framed and formulated in interplay with views, recommendations and rulings from inter-
national organisations.  
 
The International Commission on Radiological Protection, the ICRP, has a leading role in defining and 
recommending norms and principles within the radiation protection area. The three fundamental prin-
ciples of the ICRP’s protection philosophy: Justification, Optimisation and Dose Limitation are widely 
accepted and used. Sweden became a Member of the European Union in 1995 and has implemented 
the fundamental Directive 96/29/EURATOM Council Directive of 13 May 1996 laying down basic 
safety standards for the health and protection of the general public and workers against the dangers of 
ionising radiation into Swedish legislation.  
 
The International Atomic Energy Agency, IAEA, develops and sets standards, which are worldwide 
recognised and accepted – both in the area of safety and radiation protection. Apart from “Expert 
missions” and “bench-marking activities”, personnel from Swedish authorities and Swedish nuclear 
industry are involved in the work related to the Convention On Nuclear Safety (Sweden’s second 
national report under the Convention of Nuclear Safety, Ds 2001:41 Ministry of the Environment). 
  
The Nuclear Energy Agency of OECD, NEA, assists its Member countries in maintaining and further 
developing, through international co-operation, the scientific, technological and legal bases required 
for a safe use of nuclear energy. Sweden has actively been involved in the NEA work, covering areas 
like radioactive waste management, radiation protection philosophy, decommissioning issues, and 
environmental radiological protection. 
 
The World Association of Nuclear Operators, WANO, has as its mission “to maximise the safety and 
reliability of the operation of nuclear power plants by exchanging information and encouraging com-
munication, comparison and emulation amongst its members”. Some Swedish NPPs have been subject 
to benchmarking activities co-ordinated through WANO. 
 
Authority requirements 
The regulations of the Swedish Nuclear Power Inspectorate, SKI, and the SSI have changed during the 
past years. Since the beginning of the 90’s the safety requirements have increased and the SKI has 
formulated new regulations about non-destructive testing, safety barriers and staff competence. The 
SKI is presently in the process of reviewing and updating its main safety regulations, which were is-
sued in 1998.  The SSI has, during the last ten years, implemented the common European radiation 
protection legislation, formulated in binding EC directives, into the Swedish regulations.  
 
Deregulation of the Electricity Market 
The Swedish electricity market was deregulated in 1996 when open competition was introduced in 
trade and production of electricity. The grid system is still regulated and controlled. The company 
Svenska Kraftnät owns the national grid and has the role of system operator. The trade is performed at 
Nord Pool -- The Nordic Power Exchange in Oslo, Norway.  
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The deregulation has led to changes in the financial situation for the power producers, rationalization 
and new organizational structures. One way of decreasing costs has been to review the investment 
plans. All power producers do not, however, compete on the same terms since a special excise duty is 
imposed on nuclear power. 
 
Environmental Protection Issues 
Under the last ten years, the interest in environmental issues has continued to increase. For the opera-
tors of nuclear power plants, and in the general debate, releases of radioactive substances has come 
into focus and received a greater attention than earlier. The discussions and the work performed in 
relation with the environmental issues has also led to the application of a changed protection philoso-
phy: The releases should be reduced if it is possible with reasonable technical efforts even if the re-
sulting radiation doses to the most exposed persons are small. The concept of Best Available Tech-
nique, BAT, is applied.  
 
The issue of risk transfer between individuals and groups of individuals is a complex issue. When the 
protection of the environment (eco system) should be considered, the SSI finds it important that new 
routines for optimisation are established and applied – enabling appropriate attention to occupational 
exposure in the optimisation process.  
 
 
Past radiation protection conditions 
In the beginning of the 90’s the SSI observed a trend of increasing occupational exposure at the 
Swedish Boiling Water Reactors. The main reasons for this were extended reconstruction work at the 
reactors and increase in non-destructive testing leading to more work in the controlled areas of the 
NPPs.  It was also noted that radiation levels in water-filled systems at the power plats were still in-
creasing and had not levelled as expected. The SSI and the nuclear industry then implemented meas-
ures in order to change the situation and to reduce incurred and projected radiation doses.  
 
 
Actions to improve conditions 
In revised regulations adopted in 1994 the SSI required each utility to prepare special programmes 
with the aim to reduce occupational doses and radiation levels (ALARA programmes). The SSI also 
required extended education and training programmes in radiation protection, addressed particularly to 
foremen and team leaders working at the NPPs. Another important regulatory measure taken by the 
SSI was the introduction of the dose limit of 100 mSv in five consecutive years (max. 20 mSv as aver-
age over five years) in addition to the annual dose limit of 50 mSv. SSI has actively supported re-
search and development projects for understanding, modelling and reducing radiation doses and radia-
tion levels at NPPs. 
 
The nuclear industry introduced programmes with the aim to avoid further increase of radiation levels 
at the NPPs. One important step is to reduce the amount of cobalt entering the reactor, by exchange of 
components or passivating surfaces containing Stellite. During the past ten years, at maintenance and 
modernization programs performed at the plants, piping and vaults have been exchanged. This has 
decreased the cobalt inventory but also introduced materials less susceptible to corrosion, which af-
fects the need for maintenance and time intervals for in-service inspections. Other important steps for 
reducing the build-up of radiation levels have been to control the water chemistry in reactor circuits 
(e.g. Zn-injection, Ni/Fe-ratio) and optimise water flows. Great care was taken in improving different 
start and shutdown procedures (pH-values, temperature conditions) and other operations, which can 
lead to unnecessary spread of contamination in the plant. Special filters to catch debris and unwanted 
pollutants were sometimes installed. The operators have selected to use chemical decontamination 
more frequently in connection with complex work in high radiation areas. In a few BWRs, lowering 
the moisture content of the reactor steam successfully reduced the radiation levels at the turbine side. 
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Among the administrative measures, apart from improved education plans and the use of mock-up 
facilities, changes have been introduced in the planning of outages and projects. Healths physics staff 
is involved early in the planning and pre-planning phase in order to introduce radiation protection 
aspects at the design stage (e.g. space, material choice, work procedures). Written procedures for fuel 
damage management and policy for when to interrupt production in connection with serious damages 
have been developed by the operators. Efforts to minimise fuel damages have led to internal rules in 
order to restrain debris and filings to enter the primary reactor systems. 
 
Both international and national systems for feedback and exchange of experiences (e.g. ISOE, WANO, 
INPO) have been utilised for improving work procedures. An important and still on-going part of the 
work is to improve the co-operation with external contractors in the field of radiation protection and 
ALARA planning.  
 
Several research programmes were ordered by the SSI and the nuclear industry in order to improve 
knowledge and techniques for reducing radiation levels. A few examples are: 

o Model development for Activity Build-up adopting theories for Surface Complexes and Diffu-
sion in Oxide Layers, 

o Radiological effects of Hydrogen Water Chemistry and Nobel Metal Chemistry addition, 
o KEMOX 2000 – Kinetics of Oxide Layers, 
o Project DORIS – Dose reduction in Swedish BWRs, 
o The fuel failures in Oskarshamn 2 1988 – An Evaluation of the Radiological Effects during 

Ten Years of Operation. 
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Figure 1.  Collective doses at Swedish NPPs during 1992 - 2003 
 
Present status 
After a decade, the positive results of the combined actions from the SSI and the Swedish nuclear in-
dustry can be observed. Occupational doses have decreased and the radiological environment in the 
reactors has improved. Figure 1 shows the development of collective radiation doses at Swedish NPPs 
during 1992 – 20031. As can be seen in the figure the collective dose has decreased from about 
2 manSv in the beginning of the 90’s to about 1 manSv in the last five years. It is the view of SSI that 
the occupational doses, today and during the passed years, would have been higher if no counterac-

                                                 
1 Since the number of operating reactor units is 12 (11 after 1999) it is possible to scale the y-axis with a factor 
of ten to get a good estimate of the average collective dose per reactor and year. 
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tions had been introduced in the beginning of the 90’s. The average individual dose has in the same 
time interval decreased from 3 – 4 mSv/year to about 2,5 mSv. 
 
The increase in radiation levels (apart from re-oxidation of contaminated surface layers) was generally 
stopped and in some plants lower levels were achieved due to the efforts to reduce the production and 
distribution of Cobalt 60. Low contamination levels and improved work procedures are also reflected 
in the low number of reported intakes of radionuclides. The number of reported intakes (leading to a 
committed effective dose larger than 0,25 mSv) is presently 1 – 2 per year. 
 
 
The Future – Catchwords and Outlook 
  
Competence 
A basic condition for good performance in the radiation protection area is that the staffs is familiar 
with the risk of ionising radiation, actions to prevail unnecessary exposures and the meaning of good 
practice. The changed education programmes, earlier introduced at the nuclear power plants, had a 
significant influence on the workforce competence as well as the general commitment to radiation 
protection items. SSI continues to underline the importance of the plant management commitment to 
radiation safety issues and the use of preventive measures to decrease dose rates and doses.  
 
SSI recently inspected the radiation protection education programmes at the NPPs. SSI has the view 
that in the next few years it is possible to maintain the level of competence and secure necessary 
educations and training. In order to secure good long-term radiation protection conditions at the 
Swedish nuclear power plants it is, however, important that national support of natural sciences and 
nuclear technology can be sustained. The SSI is today using a large fraction of its research budget to 
support critical competence areas at the universities (professorial chairs, postgraduate appointments) 
such as radiobiology, radiation medicine, radio physics and radioecology.  
 
Experience feedback 
An important task in developing radiation protection is the use of channels for exchange of informa-
tion and feedback of good/bad practices. The operators use both national and international information 
systems. The ISOE (Information System of Occupational Exposure), organised by OECD/NEA and 
IAEA, is used for exchange on dose statistics, information and technical issues. Another important 
system is INES (International Nuclear Event Scale) through which occurring accidents/incidents are 
classified and communicated to the media and the public. 
 
The SSI stresses the need for openness and transparency within the nuclear industry. This will lead to 
early reporting on poor situations, the use of good practices, and improvements. In the present 
Swedish nuclear industry safety culture, feedback from both incidents and good practice are reported, 
collected and analysed. Communication, both internal and external, should be encouraged as a natural 
part of the daily work. It is important to retain this openness also in the future and it must therefore be 
a central issue in the organisational work. A key resource is every individual worker who must feel 
responsibility and commitment to report and inform within and outside of the organisation without the 
risk of punishments or repressive actions.  
 
Preventive Measures 
Good radiation protection conditions are achieved by proactive actions and preventive measures. The 
necessary work starts with the source-term, i.e. to prevent distribution and build-up of radioactive 
nuclides on the reactor system surfaces. The Swedish nuclear power industry has improved the 
radiation levels at the stations by improving the reactor water chemistry and by selecting new, more 
appropriate materials in valves and piping. Development of new methods and new equipment for non-
destructive testing are other examples of preventive measures. It should also be recognised that 
radiation protection issues are now considered in the early planning stage of projects and maintenance 
work. 
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The SSI is led to believe, based on the development of new safety requirements and on the expressed 
wish to increase power production in existing power plants, that more refurbishment work will take 
place at the Swedish reactors. The SSI therefore identifies as one of its principle future tasks to, in the 
dialogue with the plant operators, ensure that radiation protection issues are adequately addressed in 
these processes. Sufficient resources should be allocated and radiation protection issues have a 
reasonable priority, in order to maintain and possibly improve radiological protection conditions. 
 
Long-Term Planning 
For the industry to invest, technically as well as in human resources, in increased safety and bettered 
radiation protection, there is a need for long-term perspectives and long-term planning. It is important 
to see beyond the short-term perspective and try to foresee and meet the future needs. This is true 
when competence, research, technical development as well as economical investments are addressed.  
 
On the political agenda, discussions are presently held between the Swedish government and the nu-
clear power industry on the future use of nuclear industry and how the politically decided phase-out of 
nuclear energy should be performed. If such an agreement is reached, it could perhaps improve on the 
existing situation in the sense that uncertainties are removed and improved planning of maintenance, 
repair and modernisation of the nuclear power plants can be performed.  It is the experience of the SSI 
that long-term views and planning in advance improve radiation protection conditions.  
 
Final conclusion 
It is the view of the SSI that essential efforts to improve the radiation protection conditions at the 
Swedish nuclear power plants have been made. The radiation protection conditions are good, which is 
a result of long-term efforts on reducing radiation levels, improving work procedures as well as 
increasing the knowledge of, and the commitment to, radiation protection issues at the staff level. 
Some of the most important aspects that led to the present good radiological situation can be 
summarised by the following catchwords: Competence, Experience Feedback, Preventive Measures 
and Long-Term Planning. 
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External Factors Influence 
Radiation Protection at NPPs

• National laws and regulations (safety and RP)
• International influence
• De-regulated electricity market (1996)

– Cost-effectiveness,  investments, organizations
– Taxes, fees 

• Phase-out of nuclear energy
• Protection of the environment

– Best available technique (BAT)
– New optimisation technique needed, risk transfer



Doses and Dose Rates at the NPPs in 
the Beginning of the 90’s

• Higher radiation doses at BWRs
– Increase in collective and individual radiation 

doses 
– More workers with ”high” doses (> 15 mSv)

• Main reasons & drivers
– Non-destructive testing 
– Refurbishment activities

…Improvement of emergency core cooling 
systems

…Modernization of  Oskarshamn 1
– (Fuel damages, operation parameters, etc.)
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Actions to Reduce Doses and 
Radiation Levels - I

• Research and development
– Laser based alternatives to Stellite 6, fuel damages, 

oxide layers build-up, zinc & iron injection, 
decontamination, operation parameters

• SSI regulations, June 1994
– Dose limit: max. 20 mSv as an average 

under five consecutive years
– Extended RP training
– ALARA-programmes



Actions to Reduce Doses and 
Radiation Levels - II

• Exchange of information
– Benchmarking (WANO, INPO, OSART)
– Experience feedback (ISOE, national and 

regional meetings)
• Improved planning

– Health physicians involved in the pre-
planning and planning 

– Improve: communication and work planning 
with external firms



Actions to Reduce Doses and 
Radiation Levels - III

Technical issues
• Reactor systems (construction, 

position)

• Material (Stellite)

• Fuel damage strategies
(cleanness, identification)

• Water chemistry & flow
• Moisture content of steam

Outage work



Present Situation at Swedish NPPs
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Present: Swedish NPPs in 1999 - 2003

• Collective dose:  ~ 10 manSv/year

• Average individual dose:          ~ 2,5 mSv

• Maximum individual dose 20 – 35 mSv

• # persons with eff. dose > 20 mSv: ~10

• Intakes, Committed eff. dose  > 0,25 mSv:
~ 2 / year



Recent and Future Work at the NPPs

• Barsebäck:  Primary systems of B2 (2002)

• Forsmark:   Moderator vessels, core grid, water 
clean-up systems (2000 – 2001) F1 – F3

Change of low-pressure turbines (2004 – 2006)

• Oskarshamn:  Large project MOD 01 (2002), 
Refurbishment of O2 (2003 – )

• Ringhals: R1 – Moderator vessel lid (2003), ”Safe 
End” reparations (R3/R4 , 2002 – 03)  Reactor
pressure vessel lids of R4/R3 (2004 – 2005)



Outlook for the Future
• Safety first!
• Refurbishment activities
• Organization (staff and 

contractors)
• Competence and education
• Maintenance vs. economy 

& dose load
• Political factors (close the 

brackets…..?)



Conclusion and Catchwords
• Considerable improvements Halved 

collective doses & Lower radiation levels
• Conditions are good but should be 

maintained!  – And improved?

Competence
Experience 
feedback

Preventive 
measures

Long-term 
planning
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Abstract 
 
The optimisation of the operation of a nuclear power plant (NPP) is a challenging issue due to the 
fact that besides general management issues, a risk associated to nuclear facilities should be 
included. In order to optimise the radiation protection programmes in around 440 reactors in 
operation [1] with more than 500 000 monitored workers each year [2], the international exchange 
of performance indicators (PI) related to radiation protection issues seems to be essential. Those 
indicators are a function of a type of a reactor  as well as the age and the quality of the management 
of the reactor. In general three main types of radiation protection PI could be recognised. These are: 
occupational exposure of workers, public exposure and management of PI related to radioactive 
waste. The occupational exposure could be efficiently studied using ISOE database. The 
dependence of occupational exposure on different types of reactors, e.g. PWR, BWR… are given, 
analysed  and compared.  
 
 
Introduction 
 
Regarding [1] altogether 441 nuclear power reactors (NPPs) are in operation world-wide and 32 
under construction. Occupational exposure in NPPs is one of the main performance indicators 
related to safety culture developed in an NPP. It strongly depends on physical characteristics of an 
NPP as for example: 
- type of a nuclear power plant 
- life period of an NPP 
- maintenance and upgrading as for example steam generator replacement 
- refuelling practice of an NPP.  
In addition, it also strongly depends on the management of radiation protection issues. As shown in 
[2] the number of monitored workers all over the world is increasing with time reaching the 
number around 500 000 of annual monitored workers in the last decade. Worker protection at NPPs 
is today based on the optimisation principle, so that the doses are as low as reasonably achievable 
(ALARA). 
 
The Information System on Occupational Exposure (ISOE) which was established in 1992 to 
provide the forum for radiation protection experts to discuss, promote and co-ordinate the 
undertakings in the area of worker protection in NPPs [3]. One of the result of ISOE is the ISOE 
database which includes occupational data from the total 465 reactors in the year 2002, among 
them 406 operating and 59 in cold shutdown or some stage of decommissioning [4].  The database 
enables the analysis of exposure regarding different characteristics of the NPPs. 
 
Firstly, the characteristics of the main types of reactors used in commercial purposes are given. 
Secondly, occupational exposure regarding different types of reactors is compared and analysed. 
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Types of reactors 
 
From 1950 many types of reactor have been developed, but today, mainly four types of nuclear 
power plants widely used:  
- light water reactors (LWR) 
- heavy water reactors (HWR) as for example Canadian Deuterium Uranium Reactors (CANDU) 
- gas cooled reactors (GCR) 
- light water cooled graphite moderated reactors (RMBK). 
 
Among them around 75% of all reactors are LWR, either pressurised water reactor (PWR) or 
boiling water reactors (BWR). The detailed characteristics of the above mentioned are described 
elsewhere [5].  
 
Figure 1 shows the number of different types of operating reactors in the year 2002 [6]. In this year 
321 operating reactors were included in the ISOE database with together 6014 of years of 
experiences and among them 192 PWRs with 3769 years of operating experiences. As shown the 
majority of operating reactors today use enriched uranium as fuel and light water as a moderator 
and a coolant.  
 
In Figure 2 the contributions of shutdown reactors of different types participating in the ISOE 
database in the year 2002 are given. Some of them were not definitively shut down but they did not 
operate in the year 2002. In the ISOE database, 43 reactors are included with the mean age of 19.4 
years of operation at the time of shutdown. The number of GCRs shut down is slightly higher than 
the numbers of other types of reactors shutdown. 
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FIG. 1. Types of reactors operating during 2002 based on data from [6]. 
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FIG. 2. Types of reactors definitively shut down as for year 2002 based on data from [6].  
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Occupational exposure in reactors 
 
Occupational exposure in NPPs strongly depends on the inventory of radioisotopes in: 
- fuel  
- reactor coolant  
- reactor coolant purification systems and waste–stream processing system 
- radioactive waste. 
Moreover also the accumulation of radioisotopes in all additional systems related to the reactor 
coolant should be carefully studied and monitored in the process of planning the work. The 
inventory of specific types of reactors can be found in literature [7]. 
 
In the year 2002, the average annual collective dose per reactor was 1.06 man Sv. The lowest 
average collective doses per reactor were obtained in GCR and the highest ones in RMBK with the 
value 4.40 man Sv. Besides the collective dose as a performance indicator of radiation protection 
also the normalised average annual collective dose, defined as the average collective dose per 
reactor per generating electrical energy can be used. Figure 3 shows the normalised average annual 
collective dose for different types of reactors from the year 1998 to 2002. 
 

1998 1999 2000 2001 2002

0

0.4

0.8

1.2

1.6

2

Normalised 
average annual 
collective dose 
[man Sv/TWh]

Year

Average annual collective dose per TWh 

GCR
PWR
CANDU
BWR
VVER
RMBK

 
FIG. 3. Normalised average annual collective dose for different types of reactor from the year 1998 

to 2002.  
    
The highest normalised average annual collective dose is regularly observed in RMBK reactors 
while the lowest one in GCRs in that period. The operation of PWRs is also related to low levels of 
normalised collective exposure, which is below 0.15 man Sv/TWh in that period. 
 
Detailed analyses of exposure due to specific maintenance tasks or upgrading of NPPs are rare in 
literature. The analysis of exposure due to the steam generator replacement can be found [8], as 
well as exposure related to the reactor head replacement. As stated in [9] around 80% of all 
exposure is usually due to high dose jobs, which can be estimated to represent only about 20% of 
all jobs in NPPs. A list of typical jobs which are related to high exposures is given for example in 
[9].  
 
The ISOE database can be used to perform the analysis of specific tasks performed in NPPs. The 
doses received during an outage are usually much higher that the doses related to normal operation 
of an NPP. Figure 4 gives the percentage of the outage contribution to the total collective dose for 
different types of reactor in the year 2002.  Values were obtained averages over contributions in all 
participating countries. As shown the contribution of outage dose to the total dose do not strongly 
depend on a type of a reactor.  
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FIG. 4. Average contribution of the outage dose to the total annual dose in 2002 for different types 

of reactor from in the year 2002. 
 
 
5. Conclusions 
 
The efficient study of workers’ exposure regarding six main widely used types of reactors, namely 
PWR, VVER, BWR, CANDU, GCR and RMBK can be performed using the ISOE database.  
Occupational exposure performance indicators show that the operation of a GCR leads to the 
lowest average annual collective dose per energy produced while the highest average annual 
collective dose per energy exists at RMBK reactors. The outage period is a critical period 
concerning occupational exposure. The collective dose from that period represents more than 70 % 
of all annual dose and is not a strong function of a reactor type. In PWRs the contribution is around 
87% while in CANDU reactors around 70%. 
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Introduction

The extent of control of an operation in NPPs is related to:

• a risk 

• a potential risk taking into account emergency scenarios.

Control of an operation of radiation safety contains three main categories:

1. radiation protection of workers

2. radiation protection of the population and the environment through 
control

of discharges and direct radiation

3. waste management.
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Introduction

Control of radiation safety depends on the life period of an NPP:

pre - operation phase       operation       decommissioning

The efficiency of control can be measured by using performance indicators 

- PI.

The PI should be well defined measurable parameters  which will suit 
regulators as well as operators to follow the relevant radiation protection 
issue.

Overviews of PIs can be found in the NEA/CSNI/R(2001)11 publication 
containing also the WANO performance indicators.
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Introduction

Category of Radiation
Protection

Database Performance Indicators

Workers
ISOE

(OECD/NEA, IAEA,
1992)

Collective dose,
average dose…

Radiation protection of
the population and the

environment

International Database
on Discharges of

Radioactive Material to
the Environment IAEA

(2002)

Activity of effluents,
physical state of

effluents…
Radioactive waste

management
Net Enabled Waste

Management Database
(NEWMD, 1989)

Volume of radioactive
waste,

physical state of
waste…
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Introduction

The PI of an NPP strongly depends on:

I. Physical characteristics of an NPP

• type of a nuclear power plant

• life period of NPP maintenance and upgrading of an NPP 

(steam generator replacement...)

• refuelling practice of an NPP.

II. Management of radiation protection issues.
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Introduction

In the world *: 

31 under construction

441 nuclear power reactors in operation in 32 countries producing 

358661 MW (e)

*IAEA, Nuclear Power Reactors in the World (2003).
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Types of Reactors

Today, mainly 4 types or reactors are in commercial use:

• LWR (light water reactor)

• HWR (heavy water reactor - CANDU)

• GCR (gas cooled reactor)

• RBMK (light water graphite moderated reactor)

In addition, LWR could be 

• PWR (pressurised water reactor) including Russian type VVER

• BWR (boiling water reactor).
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Types of Reactors

Type Moderator Coolant Fuel Fuel -
Enrichment

LWR
(PWR, BWR)

Water Water Uranium-
dioxide

Enriched

HWR Heavy water Heavy water Uranium-
dioxide or

metal

Natural
uranium

GCR Graphite Gas Uranium
dicarbide or

metal

Enriched or
natural
uranium

RBMK Graphite Water Uranium-
dioxide

Enriched
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Types of Reactors

In the year 2002, 321 reactors were in operation*.

The total of operating experience was 6014 years.

* ISOE Rev. 63
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Types of Reactors

Types of reactors operating during 2002
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Types of Reactors
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Types of Reactors
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* ISOE database
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Types of Reactors

PWR - Saint Alban 1, 2, France

Picture taken from http://www2.ijs.si/~icjt/plants/index.html
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Types of Reactors

CANDU - Darlington, Canada

Picture taken from http://www2.ijs.si/~icjt/plants/index.html
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Types of Reactors

GCR - Dungeness, United Kingdom

Picture taken from http://www2.ijs.si/~icjt/plants/index.html
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Types of Reactors

RBMK - Leningrad, Russia

Picture taken from http://www2.ijs.si/~icjt/plants/index.html
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Types of Reactors

In the year 2002, 43 reactors were shut down with the mean age of 

19.4 year at the time of shut-down. *

* ISOE database
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Types of Reactors

Types of reactors shut down in 2002 
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Radiation Protection Performance Indicators
from the ISOE Database

The performance indicator related to the occupational dose is usually 

the collective dose in a time period 

or 

trend of the collective dose.

Around 80% of all exposure is usually due to high dose jobs, which can be 

estimated to represent only about 20% of all jobs in NPPs. * 

*OECD, Work Management in the Nuclear Power Industry (1997)
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Radiation Protection Performance Indicators
from the ISOE Database

Picture taken from http://www.nek.si/ (NPP Krško, PWR)
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Radiation Protection Performance Indicators
from the ISOE Database

• distribution of individual dose (maximum, average, mean etc.) 

• collective dose over a period

• collective dose related to a specific task

• normalised collective dose by energy production

• percentage of internal exposure in the total dose

• contamination of workers or working area

• hot spots characteristics...

Widely used radiation protection performance indicators related to 
occupational exposure:
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Radiation Protection Performance Indicators
from the ISOE Database

The total collective dose in the year 2002 was 

402.3 man Sv.

The number of workers is approximately 500 000.*

*UNSCEAR, Sources and Effects of Ionising Radiation (2000)
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Radiation Protection Performance Indicators
from the ISOE Database

Contribution of different types of reactors 
to the total collective dose in 2002
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Radiation Protection Performance Indicators
from the ISOE Database
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Radiation Protection Performance Indicators
from the ISOE Database
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Radiation Protection Performance Indicators
from the ISOE Database

Specific jobs contribute significantly to the occupational exposure.

Picture showing the outage at the PWR NPP taken from the archive of the SNSA.



http://www.gov.si/ursjv

REPUBLIC OF SLOVENIA
MINISTRY OF THE ENVIRONMENT, SPATIAL PLANNING AND ENERGY, SLOVENIAN NUCLEAR SAFETY ADMINISTRATION

Radiation Protection Performance Indicators
from the ISOE Database
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Conclusions

The comparison of performance indicators of different types of reactors

based on the ISOE database shows:

• the mean age of operating reactors in 2002 was the highest for 
BWR and the lowest for VVER 

• in 2002 the PWR participating in ISOE achieved 3769 years of 
operating experiences while the lowest value of this parameter was 
35 years, valid for RBMK

• the annual collective dose for GCR shows a stable decrease in the 
last five years but not a stable trend for other types of reactors was 
observed
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Conclusions cont.

• the normalised average annual collective dose per TWh is the 
highest for RBMK 

• the contribution to the outage to the collective dose is in the range 
from 70 % to 87 % in 2002



OPERATIONAL EXPERIENCE WITH A LEGAL ELECTRONIC DOSIMETRY 
SYSTEM  

Dr Tasos Zodiates - British Energy 
 
ABSTRACT 
 
The Thermo (Siemens) Electronic Dosemeter EPD-1.2D is the Approved dosimetry system for 
British Energy (BE). It has been in use for a number of years firstly as a control dosemeter and 
latterly as a legal dosemeter. This paper reviews its performance from a corporate perspective and 
considers issues such as maintenance strategy, sharing of dosemeters across a number of sites and 
common user problems encountered across sites. 
 
1.0  INTRODUCTION 
 
British Energy (BE) and BNFL/Magnox are using the Thermo Electronic Personal Dosemeters 
(EPD) as the legal dosemeter in a number of their stations. Initially the EPD was used as a control 
dosemeter. BE decided to embark in the transition from legal passive dosimetry to the legal EPD in 
1998.   
 
Approval for use of the EPD (Mk1) as a legal dosemeter was obtained in 2000. The first UK station 
to use the EPD as the legal dosemeter was the Magnox Station Oldbury in 2000. The first BE 
station was the Dungeness B AGR in February 2001. Currently six out of the eight BE power 
stations use the EPD as the legal dosemeter. 
 
At present BE's Approved Dosimetry Service operated by BNFL has applied to the Health and 
Safety Executive (HSE) for approval of the EPD Mk 2 for use as a legal dosemeter. BE’s Hinkley 
Point B will be the first client of that service.  
 
The purpose of this paper is to review the operational experience with the EPD from a corporate 
perspective.  
 
2.0 THE EPD SYSTEM 
 
The EPD systems implemented in the BE stations are based on the EPD hardware and software 
developed by the then Siemens Environmental Systems Ltd, currently part of the Thermo Electron 
Corporation (Thermo). The main components of the system and their purpose are: 
 
• EPD: this is the dose measuring device (dosemeter) and is worn by the workers;  
• EPD System: This is a computer based network consisting of the Server, the Access Control 

Terminals  (ACT), and the user workstations, 
• Software ‘Dose Control System’ (DCS). 
 
The EPD system also interfaces with the Approved Dosimetry Service (ADS) and the station 
security system for access into the Radiological Controlled Area (RCA). 
 
3.0 TRANSITION FROM PASSIVE TO ELECTRONIC DOSIMETRY  
 
At the beginning of the process the stations used the film badge as the legal dosemeter and various 
electronic dosemeters as control dosemeters. These electronic dosemeters were in general issued 
and read manually. 
 
The move to using the EPD, with its required hardware and software infrastructure, was a 
significant change to the workers customs and practices in place at the time. It also required a 
significant increase in the support to the dosimetry systems from the station Information 
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Technology (IT) departments. The increase in the complexity of the dosimetry system, which was 
to become effectively a computer system, also raised concerns with regards to its management and 
integrity. 
 
A working group with representatives from all the company stations was set up to co-ordinate the 
transition phase. It was agreed that each station would proceed at its own pace to ensure that the 
system gained acceptance by the station workers and by the other departments. The working group 
would also agree standard approaches to be implemented at all stations as far as practicable. 
The transition to the Thermo EPD as the legal dosemeter took place in three phased steps: 
 
1) introduce the EPD as a control dosemeter on restricted issue; i.e. issued as required by the work 

permit. 
2) use the EPD as a control dosemeter on general issue; i.e. issued to all that enter the RCA. 
3) use the EPD as the legal dosemeter. 
 
To assist each station through this transition, a standard Quality Plan was developed covering 
issues like: 
 

 Procurement, installation, interfacing and testing of the EPD system 
 Development of EPD system documentation: work instructions, procedures, disaster recovery 

plans 
 Training of EPD users and dosimetry office staff 
 Liaison with local Health & Safety committees & regulators 
 System audits by the ADS and HSE 

 
The transition phase progressed without any major problems. The main difficulties encountered 
were: 
 
- gaining confidence with the EPD dosemeter due to its teething problems in particular battery 

problems and the ongoing RFI interference with the Mk1 
 
- ensuring that the workers look after the EPD; initially there were too many EPDs damaged by 

being knocked off surfaces or dropped from pockets/belts. 
 
- obtaining the necessary computing support from within the limited station resources; for 

example not all stations have Oracle expertise.  
 
4.0 ORGANISATIONAL ARRANGEMENTS 
 
The EPD system is a dosimetry system and as such comes under the control of the station Health 
Physics department. The driving force of the system at each station is the Dosimetry Officer and 
the day to day operator of the system is the dosimetry administrator. 
 
4.1 Hardware Management 
 
The hardware management covers the dosemeters and the EPD/computing hardware (ACT, 
servers, etc.). 
 
Dosemeters 
 
Each station is equipped with sufficient EPDs to support the day to day normal operation 
requirements. The stations operate a pool of additional EPDs to supplement their requirement 
during outages when there is a need for more EPDs.  
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The logistics of the EPD management to ensure that there is the right number of EPDs at each 
station whilst keeping the total number of EPDs low is very challenging. This has to consider not 
only the EPDs that are available for use, but the potential number of EPDs not available either 
because they are out for repair or have been sent for calibration. The distribution of EPDs in 
summer of 2002 with 2 outages taking place was: 
 

EPD Mk1 Distribution in Summer 2002 
Station In Use Emergency Packs Off Site Pool 

SXB 132 40  150 
DNB 435 (outage)    
HYA 150 70 24 90 
HYB 150 67   
HNB 300  13  
HRA 400 (outage) 50 41  
Total 1567 227 78 240 

The total number of EPDs to support the six stations (5 AGR and 1 PWR) is about 2100. 
 
The typical numbers of EPDs used at the stations are: 
 
- Normal operation:  150 
- Outages:   AGR: 350-400 PWR: 450 
- In Emergency Packs: 50-80 
 
The EPD Mk 1 batteries cost about £15-£16 each. In order to limit the costs a lead station buys 
batteries in bulk at better rates and each station replenishes their stock from the lead station as and 
when required. 
 
The ability to do basic EPD repairs varies from station to station. Typical repairs that a station may 
carry out are replacement of batteries, buttons and clips. Recently replacement of seals/RFI gaskets 
has been carried out at Heysham to improve the RFI performance of the EPD. 
 
EPD Related Hardware 
 
Each station has its own compliment of EPD hardware. At present there is no central holding of 
spares although it is being considered as part of the future deployment of the Mk 2. Each station 
has sufficient ACTs, desktop readers and Access Control Units (interface with security system) so 
that unavailability of one or two individual units is operationally acceptable. Typical numbers of 
equipment are: 
 
 Access Control Terminals (ACT):  8-12 
 Desktop Readers:   2 
 Access Control Units (ACU): 4-6 

 
The main critical component of the EPD system is the server, which operates the whole system. 
The initial approach considered was to have two spare servers at a central location that can be 
dispatched to where they are needed. Due to the different arrangements and types of servers at each 
station, in the end it was decided to have a spare server at each station. 
 
As part of the approval for the EPD system there is a need to have detailed disaster recovery plans 
for the system. These cover the arrangements from a malfunction of a single issued EPD, to failure 
of the system server or network.  
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One of the major issues that was addressed is the possibility of server failure. Such a failure can 
result in the loss of the database. Therefore there is a data back up procedure in place that ensures 
the loss of data is minimised. Another important aspect of the system is the ability of the ACT to 
operate in a standalone mode for up to 48 hours. The ACT set up is such that, if the server is lost or 
communication fail, the ACTs continue to operate in local mode issuing and returning EPDs. This 
enables the work to continue whilst the system is being restored. Following restoration of the 
system, the data stored on the ACTs is uploaded to the server. There have been three instances of 
server failure and in all three the EPD system operated successfully. 
 
4.2 System Support Arrangements 
 
Until recently all support to the system was provided through a hardware maintenance and software 
support contract with the EPD supplier (Thermo). Recently (2004), first line IT system support is 
provided from the Company's IT department (see later). 
 
Failed hardware is sent to Thermo for repairs and is then returned to the station.  For software 
issues, Thermo operates a Helpdesk for reporting software problems and queries. Response to the 
calls depends on the severity of the problem.  
 
These arrangements have been successful over the years and the service provided has been very 
good. In particular, the Thermo response in the few real station EPD emergencies was excellent. 
 
EPD dosemeters are calibrated annually by a Calibration Laboratory with accreditation to ISO 
17025. 
  
5.0 OPERATIONAL EXPERIENCE 
 
The introduction of the electronic dosemeter in such a large scale resulted in a number of issues 
being raised covering the end user, the dosemeter and the whole system. 
 
5.1 End User Experience 
 
The end user issues relate to the use of the EPD by the workers and health physics staff. They relate 
to the practices that are used in each station. Some of these became issues because of itinerant 
workers experiencing different practices at different stations. Typical issues are: 
 
- Training: a generic training package was developed for use that had sections to incorporate 

local station practices. This resulted in itinerant workers receiving the training many times and 
having to adhere to the local way of using the EPD. Over the period we have continued the 
progress towards standardization to reduce these station differences. 

 
- Method of wearing the EPD in relation to different types of overalls or personal protective 

equipment; this was important in order to reduce damage to the dosemeters. A 'pouch' was 
introduced to stop EPD dropping off from pockets. 

 
- Changes in dosimetry work: Dosimetry work changed from being a 'hands on' job managing 

film badges to managing a software system. This required a change in the knowledge and 
expertise of the dosimetry staff. There was a certain degree of reluctance and trepidation 
towards the change. Networking between the station dosimetry staff helped the exchange of 
information and helped with any problems arising. 

 
- User Confidence: The EPD Mk 1 had a number of 'teething' problems, mainly battery and 

Radio Frequency Interferance (RFI) problems. The EPD Mk1 is still susceptible to RFI. These 
have delayed acceptance of the EPD by the users. 
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Overall, there have been no significant issues associated with the end user except of those arisings 
whenever a change is implemented. The gradual transition process and the parallel use of EPD and 
film badge helped in the acceptance of the EPD by the end users. The acceptance of the EPD was 
likened to the introduction of wearing seatbelts in a car, it has now been accepted as the 'norm'. 
 
5.2 EPD Dosemeter Experience 
 
A number of different problems arose with the EPD dosemeter over the years. Some of them can be 
attributed to the user such as mishandling (vandalised, dropped, knocked) or not following 
instructions during issue / return of EPDs. Other faults are typical faults expected from such 
equipment like sounder,?? display and counter failures.  
 
Numerous failures of EPDs resulting in loss of visit dose data have occurred due to the mishandling 
of the EPD, battery failure, RFI etc. In such an event, a dose assessment is carried out by the Health 
Physicist, and a record is entered in the database. This has resulted in additional Health Physics 
effort and resource being required to support the system.  
 
Overall, there were three significant EPD Mk1 problems. These were: 
 
- battery problems: early battery failures or battery/EPD circuit board connection failures; this 

has been addressed by improving the connections and the battery supply chain. 
 
- RF interference (RFI): this is a persistent problem inherent in the Mk1; experience with the 

EPD Mk 2 at Hinkley Point B  has shown that in 400,000 individual visits since August 2000 
there has been only one spurious dose assessment (due to proximity to a welding set); 

 
- Beta window failure: this failure is due to degradation of the seal between the EPD case and the 

beta window resulting in in-leakage of light which results in a false reading of high beta dose. 
Although the root cause of the problem has not been eliminated, the cause and effects are now 
known and they can at least be managed. 

 
The RFI interference is generic to the Mk1 EPD design and is being managed procedurally at the 
stations. It still provides a significant workload to the Health Physicists in terms of dose 
investigations. The introduction of the EPD Mk2 will eliminate this problem. 
 
Two generic problems were experienced with the EPD Mk2: 
 
- Cracking of the lids: a manufacturing defect caused the EPD lids to crack at the corners; the 

manufacturing process was corrected and all the lids were replaced by the supplier; 
 
- Flexi connector (power supply circuit board connection) failure: Environmental factors 

(temperature variations) could cause failure of the flexi connector and hence loss of circuit 
board power supply. The power supply connections were re-engineered and all the EPDs were 
repaired by the supplier. 

 
5.3 EPD System (Hardware & Software) Experience 
 
Although a number of hardware failures and software problems occurred, overall the EPD system 
has been remarkably robust both in terms of hardware and software. There are two issues worth 
highlighting. 
 
Resource Required for Computing Support 
 
At the beginning of the project there was a failure in ensuring computing support to the station 
Health Physics from the Company's central IT departments. The reasons for that were many and 
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varied. The consequence was that stations did not have sufficient expertise to support the EPD 
project. In addition the station computing infrastructure was different from station to station and 
this lead to the EPD system being implemented in different types of networks such as stand alone 
networks, virtual networks, and networks integrated with other station networks. This lead to a 
number of different problems experienced at different stations, such as network communication 
problems, data back up differences, and in user support.  
 
In the case of Hinkley Point B, the installation of the EPD system was driven by a project team 
which included IT specialists from the central IT department. The system as installed has been 
exceptionally stable. It has also incorporated a 'Citrix' interface for providing access for numerous 
users without the need to install the necessary software on the user's own PC.  
 
Over the last 18 months these problems have been overcome by putting in place a project to 
provide central computing support to all the stations. This includes standardising servers, data 
back-up arrangements, network configuration, Windows and Oracle support, security and others.   
 
EPD Issue/Return Faults Affecting User's Perception
 
There have been a handful of occasions where due to errors in the EPD issue or return process the 
visit data was not properly recorded and the EPD remained issued to the user without the user 
realising. These resulted in visit data being lost and problems with subsequent user attempts to self-
issue another EPD.  
 
In terms of dosimetry, the impact of these faults was small requiring a dose assessment to be made 
for the specific worker visit. Compared with the loss or damage of a film badge the loss of data of a 
single EPD visit is insignificant.  
 
However, these few events resulted in widespread concern about the integrity of the system as 
rumors spread between the stations. The concerns and rumors died out slowly with the good 
performance of the system. 
 
6.0 SYSTEM HARDWARE AND SOFTWARE DEVELOPMENT 
 
The EPD Mk1 was developed in the early 1990s. Sizewell B deployed the Mk1 as a control 
dosemeter from the beginning of its operation in 1994/5. The original system software, DCS,  was 
developed to support the EPD application at Sizewell B.  
 
6.1 Hardware Development 
 
The EPD Mk1 hardware has remained virtually unchanged since its development. Thermo will be 
discontinuing the Mk1 support in 2004 due to obsolescence of components forcing them to 
withdraw the maintenance support of the system. However, the EPD Mk2 has been developed to 
replace the Mk1. The Mk2 incorporates significant improvements. From an end user's point of 
view the most significant are: 
 
- It overcomes the RFI problem 
- It is smaller, lighter and more robust 
- It uses commercially available batteries (Mk1 requires specialist bespoke battery) 
- It can provide more detailed dosimetric information for the investigation and assessment of 

doses. This requires a suitable upgrade of the dose control software. 
 
The Mk1 to Mk 2 transition process has financial and logistical implications. The current plan is to 
phase in the Mk2 over a 3-4 year period in order to spread the cost and maximise the use of the 
Mk1. 
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One of the future developments that are being considered with the introduction of the Mk 2 is the 
move to a single server / database for all the stations. The advantages of this system are: 
- the information for each worker needs to be entered once and it is then available to all stations 
- the up-to-date total worker dose is available in real time especially for itinerant workers 
- training and other compliance issues become easier to manage 
 
The disadvantages of such a system are: 
- the robustness and speed of the computing network to support such a system without undue 

delays especially at the EPD issue / return point 
- constraints on the EPD and DCS3 software to support the way the EPD and other data is used. 
 
6.2 Software Development 
 
Software developments have been required for a variety of reasons. There have been user driven 
developments and there have been imposed developments. 
 
As the users became more familiar with the system and the system capabilities became obvious to 
the users, there has been a demand for improvements in the user-system interface and for additional 
services. The user developments took the software through the following main versions: 
 
- DCS2; 1998/9: add necessary functionality for legal system and to incorporate other dosimetry 

systems for millennium compliance (e.g. replace the film badge management software) 
- DCS2-SP1; 1999/2000: interface with the ADS measurement; fix minor bugs; additional user 

services. this was the first software version to be used for the legal EPD at Dungeness. 
- DCS3; 2000/02: additional user services 
 
The latest software version is DCS3 V2.3 and is about to be deployed to the BE stations. In parallel 
with the BE/Magnox support, Thermo is developing DCS4 for another UK user. BE and Magnox 
have been kept involved in this development with the aim of making DCS4 the standard software 
used in the UK 
 
The biggest driver for software development, however, are the operating software suppliers 
(Windows and Oracle). Decisions on whether to upgrade the operating software or to continue 
using previous versions are difficult. Based on our experience with the EPD software and its 
robustness we continue using the Windows NT and Oracle Version 7 software. However, this is 
becoming untenable and a BE corporate decision has been taken to move to Windows XP and 
Oracle 9i over the next three years.  
 
There is a need to upgrade the software at the same time as changing from the Mk1 to the Mk2. BE 
is currently considering how best to achieve these targets. 
 
 
7.0 CONCLUSIONS 
 
The introduction of electronic dosemeters for legal use within BE has been successful. The Thermo 
EPD Mk1 is now used routinely and has gained a high level of acceptance by the workforce. The 
main issues that require attention with electronic dosimetry are: 
 
- the reliability and ruggedness of the dosemeter, 
- the arrangements for the computing support of the system, and 
- obsolescence and updates of components and software 
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OPERATIONAL EXPERIENCE WITH A LEGAL 

ELECTRONIC DOSIMETRY SYSTEM

Dr Tasos Zodiates

British Energy
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CURRENT BRITISH ENERGY STATUS

• 6 Stations Legal with the EPD Mk 1 

• 1 Station close to Legal with the EPD Mk 2

• 1 Station to implement EPD Mk2 as Control Dosemeter

2



British Energy’s power plants - 2004

Torness 
1,210MW

Hartlepool 
1,205MW

Sizewell B
1,200MW

Dungeness B
1,120MW

Hinkley Point B
1,270MW

Heysham 2
1,340MW

Eggborough 
2,000MW

3

British Energy HQ 
(East Kilbride)

Hunterston B
1,195MW

Heysham 1
1,060MW



EPD System - Schematic Drawing

4
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EPD SYSTEM REQUIREMENTS

• Health Physics with computing skills
• Software/hardware support from Thermo
• Contingency arrangements:

– contingency plan for any fault / event
– local mode operation
– data back ups: daily / every 15-20 min
– server back up

• In house computing support: Windows / Oracle 
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EPD Mk1 EQUIPMENT - TYPICAL STATION 
NUMBERS

Operate a Pool arrangement to support
3 coincident outages:
• Normal ops: 450
• Outage:        1200
• Emergency:    350
• Calibration/repair: 100

Total 2100

EPD Numbers
• Normal Operation: ~150
• Emergency Use: 50-80
• Outage Use: 350-450

EPD Related Equipment
• Access Terminals: 8-12
• Access Control Units: 4-6
• Desktop Readers: 2
• each station holds its own stock
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USES OF EPD SYSTEM - OUTAGE MONITORING
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USES OF EPD SYSTEM - OUTAGE MONITORING
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USES OF EPD SYSTEM - OUTAGE MONITORING
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EXPERIENCE WITH THE EPD Mk1

• User mishandling & improving
damaged/lost EPD

• battery problems: resolved
• Beta Window Failure: being managed
• RFI problems: design deficiency;  

HYA improvements

RFI + Beta window result in a number of dose investigations
and amendments requiring effort from Health Physics 
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EPD Mk1 2003 PERFORMANCE STATISTICS

Station Total Visits Dose Amendments

SXB ~ 50000 140
HNB ~ 170000 360
HYA ~ 132000 448
HYB ~ 109000 391
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SIZEWELL B EPD FAULT BREAKDOWN

RFI 58
Counter PCB 23
Beta Window* 19
Electrostatic Discharge 16
Mechanical Impact 8
Other 16
Total 140

* 13 Amendments due to one faulty EPD
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SIZEWELL B EPD FAULT BREAKDOWN

42%

16%

14%
11%

6%

11%
17%

RFI
Counter PCB
Beta Window
Electrostatic Discharge
Mechanical Impact
Other
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HPB EPD Mk2 EXPERIENCE COMPARISON

400,000 visits over 3 years:

• 1 dose amendment due to RFI (proximity to welding)
• 1 dose amendment due to damaged beta window
• 38 dose amendments due to EPD losing communications
• 9 dose amendments due to user losing EPD

Mk2 Generic Manufacturing/Design Defects

• top lid cracking
• flexiconnector / battery internal connector
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OTHER EPD ISSUES 

Associated with Legal Status
• Approvals by Regulator - length of time
• System within the Station Modifications Process

Associated with Software
• Level of required computing support
• User driven software upgrades
• Cost & Resource for enforced software upgrades 

(Microsoft Windows, Oracle)
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FUTURE DEVELOPMENTS

• All stations legal with EPD

• Transition to EPD Mk 2 ( 2004 - 2007?)
– smaller, lighter, more robust
– overcomes RFI
– cheaper batteries
– more dosimetric information

• Move to Windows XP / Oracle 9i

• DCS4? Common EPD platform software for all UK users

17
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4th EC/IAEA/ISOE Workshop

Occupational Exposure Management AT NPPs
Lyon, France

24 – 26 March 2004

Wolfgang Wahl

OfficialOfficial and Operational and Operational DosimetryDosimetry withwith
Passive and Electronic Dosemeters Passive and Electronic Dosemeters 

in Germanyin Germany

GSF Personal Dosimetry & Monitoring Service, Munich Germany
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Personal Dosimetry & Monitoring Service

ContentContent and Topicsand Topics

Introduction and Retrospective

Harmonisation and Legislation

Interactive Web Page: 1998

Pilot Project: Phase I 2001/2

Pilot Project: Phase II 2003/4

Futures and Final Remarks
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Personal Dosimetry & Monitoring Service

GSF GSF –– Personal Personal DosimetryDosimetry
Whole Body Dos.
– Film, TLD, Glass
– EPDs

Extrimity Dos.
– TLD: Photon & Beta

Neutrons
– Fast: CR-39, EPDs
– Thermal: TLD, EPDs

RADON
– CR-39, Charcoal
– Ionisations Chamber

Environment
– TLD, Glass, EDs

• Personal Dosimetry Monitoring Service
• Personal Radon Monitoring Service
• Second Standard Dosimetry Laboratories  
• Low Level In Vivo Monitor
• Low Level In Vitro HPGe Spectrometer 
• Study of Cosmic Rays for Aircraft Crews

Develop. of Software Package: EPCARD
• Developments of Electronic Dosemeters

for Neutron (and Mixed-Photon) Fields
• Development and Integration of combined 

Legal/Operational Dosimetry Systems
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Personal Dosimetry & Monitoring Service

RetrospectiveRetrospective and Chronologieand Chronologie

Personal Dosimetry
- Official Dosimetry with passive Dosimeters; Quantity: e.g. Hx
- Operational Dosimetry with additional electronic (alarm) 

dosimeters; Quantity: e.g. Hx
1991-97: New additive Quantities and Units in RP
(ICRP-60/74, ICRU-51, 60): Hp(10), Hp(0.07), H*(10), H*(0.07)
1996: Council Directive 96/29/EURATOM: Basic Safety Standards
2000-2002: New National Laws and Guidelines
2000-2001: New Generation of approved ED for Photons (Betas) --
Hp(10) and Hp(0.07) – are commercially available on the market
ED are having all the dosimetric properties for official dosimetry
2002-2003: EPDs accepted as legal Dosemeters in some European 
countries
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Personal Dosimetry & Monitoring Service

German Regulation German Regulation RequirementsRequirements

Dosemeter required by law. Type not specified. 
EDPs required in addition to passive in NPPs and 
other application areas or under worker request
Dosemeter issued by authorized services and 
approved by regulators under national legislation.
Have to fulfil national standard PTB approval
Only passive dosemeters are allowed at present
The use of EPDs as legal dosemeters is in 
preparation
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Personal Dosimetry & Monitoring Service

Status of EPD`s in EU Status of EPD`s in EU countriescountries

In some EU countries, EPDs are required for situations 
as workplaces in NPP‘s and special controlled areas: 
DE, IR, ES, NL, CH
In France, EPDs are obligatory together with passive 
dosemeters
The national regulations of UK, NL, PT,ES, SE do not 
specify the type of dosemeters
For accredited service in CH and UK EPDs are 
accepted if approved
DE and NL plans to accept EDPs for legal dose record
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Personal Dosimetry & Monitoring Service

DemandDemand on on HarmonisationHarmonisation & & OptimisationOptimisation

Therefore, we started developments and investigations for a 
general IT based monitoring system which potentially can be 
implemented in any service departments around with almost 

any contemporary commercial EPDs

Unfortunately, today’s there are none “clear” legislation records 
according EPDs used as legal dosimeter in most countries! 
There are some exceptions because of parts of legislation and 
parts of technical reasons which more over differs from country 
to country.
In history, many efforts where taken to put EPD’s as legal 
dosimeters, but often all concepts not fulfilled the local RP rules
However, we need service departments including necessary IT 
technology for data handling and transfer and for protocols, 
security tools, legal dose evaluation for different ED devices
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Personal Dosimetry & Monitoring Service

DemandDemand on on HarmonisationHarmonisation & & OptimisationOptimisation

Legislation
Laws, Guidelines, Prescriptions

Monitoring Service
Dosimetry

Rad. Prot. Off.
Protection

Federal States
Official licence, take precautions

Office of Standards 
Technical Approvals

Producer
EPD‘s
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Personal Dosimetry & Monitoring Service

GSF Personal GSF Personal MonitoringMonitoring: : 
Retrospektive and  Retrospektive and  ActionsActions

1998 – GSF Web-Portal: DOSIMO
2001 – First GSF pilot project with EPDs in Bavaria 

for NPPs
2002/3 Development of high integrated systems
2003 – Enhancement to Hospitals and industrial Areas
2003 - Official workshops with the Legislation, the 

Federal Offices (BMU, BfS), PTB, VGB, applicants 
and producer 

2004 – Installation in most of NPPs
2004 – Decision as legal dosemeters ?
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Personal Dosimetry & Monitoring Service

„„DOSIMODOSIMO“:  “:  DosimetryDosimetry –– OnlineOnline
An An InteractiveInteractive Web ServiceWeb Service

We started October 1998 as the first Personal
Monitoring Service Department in Germany
Actual and special offers for most of customer. 
Public Part 

Information about personal dosimetry
Legal provisions and statistics

Hot Zone: 
Interactive data exchange for certificated 
customers

http://www.awst.gsf.de

http://www.awst.gsf.de/
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Personal Dosimetry & Monitoring Service

Concept of DOSIMOConcept of DOSIMO

Technical RealisationTechnicalTechnical RealisationRealisation

InternetInternet

PC
MS Windows

PCPC
MS WindowsMS Windows

MacMacMac

LinuxLinuxLinux

CustomerCustomerCustomer

DOSIMO

Win2000
MS SQL

DOSIMODOSIMO

Win2000Win2000
MS SQLMS SQL

Mainframe

Siemens BS
ADABAS

MainframeMainframe

Siemens BSSiemens BS
ADABASADABAS

GSFGSFGSF

Server

Unix
INGRES

ServerServer

UnixUnix
INGRESINGRES

FilmFilmFilm

TLDTLDTLD

EDEDED

MeasuringMeasuring
SystemSystem

WebWeb--
ServerServer

AdministrationAdministration
SystemSystem
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Personal Dosimetry & Monitoring Service

GSF DOSIMOGSF DOSIMO

Hot Zone

Online changes in 
Personal data
Operational data

Online reading of evaluated data
Download of report files
Upload of files with person - dosemeter -
relationship
Orders for dosemeters and accessories
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Personal Dosimetry & Monitoring Service

DOSIMODOSIMO

Hot Zone – Statistic

about 160 customers  with 17 000 employees

Nuclear power stations, industry

Clinics, hospitals, medical practices

Universities, research centres

actual size 196 MB 

about  350 000  reports from the last 24 month
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Personal Dosimetry & Monitoring Service

ActualActual Market SituationMarket Situation

Approved EPDs-Systems for the new Quantities

Producers offering 
hardware solutions for EPD’s and readers as well as
software packages (interfaces and database systems)
In case of personal dosimetry in a NPP protecting a area 
where personal access is controlled by input and exit 
gates via readers and partial and cumulative dose 
estimation is accumulated via database systems and 
“front-end” applications

Server-Client systems based on TCP/IP for NPP‘s and ..... 
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Personal Dosimetry & Monitoring Service

Pilot Project Pilot Project (Phase I: 2001/2 )(Phase I: 2001/2 )

Test of different EPD (new Generation) at 
the NPP ISAR 1 (close to Munich)

In co-operation with
– NPP Management, VGB and RPO
– Bavarian Authority and
– 3 Producers

Before we started we carried out a workshop with all the 
interested parties at Germany
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Status des PilotprojektStatus des Pilotprojekt
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Personal Dosimetry & Monitoring Service

Status des PilotprojektStatus des Pilotprojekt
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Personal Dosimetry & Monitoring Service

Hardware-SolutionHardwareHardware--SolutionSolution

GSF–Controlling 
Station

GSFGSF––Controlling Controlling 
StationStation

Offic.- & Cust.- Reader             Offic.Offic.-- & & Cust.Cust.-- Reader             Reader             

NPP
Datenbase

NPPNPP
DatenbaseDatenbase



19
Personal Dosimetry & Monitoring Service

KKW
Datenbank

KKWKKW
DatenbankDatenbank

ReaderReader

EPD          EPD          EPDEPD          EPD          EPDEPD          EPD          EPD

Daten-TransferDatenDaten--TransferTransfer

GSF
Datenbase

GSFGSF
DatenbaseDatenbase

Ext. Ext. MonitMonit. . ServServ..

GSF – Contr.St.GSF GSF –– Contr.St.Contr.St.

NPP
Datenbase

NPPNPP
DatenbaseDatenbase

Offic.- &      Cust.- ReaderOffic.Offic.-- &      &      Cust.Cust.-- ReaderReader

EPDs EPDs EPDsEPDsEPDs EPDsEPDs EPDsEPDs

Assignment
Data etc.

AssignmentAssignment
DataData etc.etc.

Daten-TransferDatenDaten--TransferTransfer

GSF-Central 
Server

GSFGSF--Central Central 
ServerServer

MailMail
InternetInternet

ISDNISDNISDN

DOSIMO
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Pilot Project Pilot Project (Phase II: 2003/4)(Phase II: 2003/4)

Auditing system for most of devices
We developed a test kind “auditing“ system which is 
completely separated from customer EPD’s and protection 
system connecting all manufactured Reader (EDPs) models. 
A auditing subsystem which is settled down in customer 
location as fully automatically exterritorial “agent” hardware 
based on industry PC technology as independent official 
dose estimation unit.

External official independent subsystem …….
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In In DevelopmentDevelopment

Operational together with Legal dosemetry
Personal and attributed dosimetry information can be 
replicated every time from subsystem to central system via 
phone lines, ISDN, DSL etc and will be in time of 
transmission strong encrypted. 
Partial doses will be aggregated to cumulative doses in 
central system.
Finally relevant cumulative doses for the customer will be 
published in well secured web sides by internet (DOSIMO).

Data transfer via ISDN and report download via Internet ….
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Common Common ProducerProducer PhilosophyPhilosophy of Reader of Reader 
TechnologyTechnology

Host 
Database
System

Hard- + Software

Reader
Exit

Reader
Enter

Reader
Mixed

Readers are agents

Producer specific
protocols and languages
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GSF GSF PhilosophyPhilosophy to to includeinclude ED ED DevicesDevices in in 
MonitoringMonitoring Service DepartmentsService Departments

GSF Systems are independent from 
manufactory System
– independent from type and model
– access only for authorized person

It is divided in two elements:
– agents located by customers, which are controlling 

exit activities only ! (of every reader)
– and the central server in the monitoring service
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Monitoring Service 
Concept

Monitoring Service Monitoring Service 
ConceptConcept

Monitor for the protocol of:
Dosemeter – ID
Personal – ID
Dose 
max. Dose rate
and Date

Monitor for the protocol of:Monitor for the protocol of:
DosemeterDosemeter –– IDID
Personal Personal –– IDID
Dose Dose 
max. Dose ratemax. Dose rate
and Dateand Date

Data-

bank

DataData--

bankbank

ReaderReader

DataData bankbank
NPPNPP
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Realising viaRealisingRealising viaviaReaderReader

DataData bankbank
NPPNPP

Data filter and – logger   (Monitor)
Data bank
USV
Router
Back-Up of Data

Data filter and Data filter and –– logger   (Monitor)logger   (Monitor)
Data bankData bank
USVUSV
RouterRouter
BackBack--Up of DataUp of Data
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GSF GSF conceptconcept forfor NPP`s in GermanyNPP`s in Germany

ISDN

Exit

Enter

Customer
Location

Control Area

Reader

Reader

EPDs

EPDs Databank

Controlling 
Station

DOSIMO /

Hot-Zone

DOSIMO /DOSIMO /

HotHot--ZoneZone

Monitoring 
Service

ISDNISDNISDN

Server



27
Personal Dosimetry & Monitoring Service



28
Personal Dosimetry & Monitoring Service

LatestLatest and Future and Future OptionsOptions::

Development of an agent with none human 
interface
To make it smaller and cheaper
optimise in handling for special installations of 
EPDs devices in hospitals and industry but 
also for controlled or not controlled small areas
Real time dosimetry, e.g. actually day by day in 
departments or NPP`s
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Outlook: Online Outlook: Online DosimetryDosimetry NetworkNetwork

WebPages, HotZone, Database- & ED-Servers

Central database for passive and active
PD (Server - Client architecture)

Reader, Charge & Modem  

Customer Sever & Database Ext. GSF Server & Database

Exit Reader 

DSL/ISDN/Modem

GSF ext. NetworkCustomer Network

GSF ED Type-Interfaces 
Exit Reader 

Internet

GSF ED Type-Interfaces 

Customer PC & Database

Ext. official monitoring
service station

Int. off. monitoring
service station

Customer Connection

Customer with
access control

Customer with
open areas
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Final Final RemarksRemarks

The dosimetric properties of ED-Devices are well known 
tested and approved 
In RP we have to use a technology

“State of the Art”
and we have to offer complete transparent concepts to 
optimize RP, means to minimize exposure and risk

This can be achieved using modern ED’s in 
combination with established passive dosimeters 

including integrated network technology 
to realise concepts for legal Online-Dosimetry



PASSIVE DOSIMETERS BENCHMARKING 
 

Charles PAURON 
EDF – Energies Branch – Nuclear Generation Division 

Operational Installations Support Centre – Risk Prevention Group 
 
 
 
 
French regulations originally required film to be used as a passive dosimeter. This ruling was changed 
with the publication of the decision dated 23rd March, "stipulating the rules concerning external 
dosimetry for workers assigned to tasks involving exposure to radiation". This decision lays down 
certain obligations in terms of results, but does not impose any particular technology.  
Moreover, technological advances have made the future of silver film uncertain, for both 
photographical and dosimetry purposes.   
Consequently, in early 2001 the Management at the EDF Group's Nuclear Generation Division (DPN) 
decided to undertake a study, looking at the feasibility and potential benefits of adopting a new passive 
dosimeter technology. 
 
 

1) Definitions: 
 

TLD: thermoluminescent dosimeter 
OSL: optically stimulated luminescence dosimeter  
RPL: radiophotoluminescent dosimeter 

 
 

2) Study plan and conclusion: 
 
• 2001:  

State of the art of the various technologies available and experience feedback from foreign 
nuclear operators. 
 

• 1st half of 2002:  
Comparative study of the behaviour of the different technologies of Film, TLD, OSL and 
RPL, carried out under laboratory conditions and also in real situations in 3 EDF nuclear 
plants over a 3-month period. These 4 technologies were selected on the basis that they are 
used in industry throughout the world. 
 

• Early 2003:  
Survey of international nuclear operators conducted via the ISOE network. The operators 
surveyed were asked about the technologies they use, any changes they were considering or 
had already implemented, the reasons for these changes and their appraisal of the technologies 
concerned. 
 

• 1st half of 2003:  
The DPN Management decided to replace film with OSL in 2 pilot nuclear plants for the 
period July 2004 to December 2005. If the results of the pilot are positive, film will be 
replaced with OSL in all plants in 2006. 
 

• September 2003:  
European call for tender published for the period July 2004 to December 2005. 
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3) Comparative trials: 

 
Around 250 badges including Film, TLD, OSL and RPL worn by a specific group of personnel, 
selected according to exposure conditions. 
 
High exposure: 

 Maintaining the reactor building (cleaning, decontamination), 
 Installing and removing nozzle dam inside steam generators water box, 
 Valve mechanics, insulation technicians and welders working on primary and connected 

circuits. 
 

Low exposure: 
 Chemists, 
 Business managers and foremen, 
 RPS (radiation protection service) technician, 
 Fuel disposal, 
 Sorting radioactive waste. 

 
Identical badges were tested in extreme conditions: 

 Exposure to 20 mGy for 1 minute using a gamma radiography projector, 
 Exposure to 4.4 mGy for 11 minutes by a filter in the process of installation, 
 Exposure through an X-ray detector machine, 
 Poor thermal conditions with temperatures reaching 70°C. 

 
The results are consistent, and the deviations observed are in line with standards. The technical 
performances of the OSL and RPL dosimeters are quite similar, and often superior to those of film 
and TLD. 
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4) Results of comparative study: 
 
 

Characteristics Film 
(KODAK) 

TLD 
(HARSHAW)

OSL RPL 

Dose dynamic - = + + 

Dose linearity - = + ++ 

Energy response - = + ++ 

Repetition - = + + 

Batch uniformity - + + ++ 

Technical 
Aspects 

Influence quantity - = + ++ 

Regulatory 
Aspect 

Dose storage ++ - ++ = 

Number of suppliers + ++ - - 

Market - Carriers = + + - 

Economic 
Aspects 

Operating cost + - + - 

SUMMARY ---    ===   ++++++   
HHooommmooogggeeennneeeooouuusss    H
 

+++   

 

- Acceptable  = Medium  + Good  ++ Very good 
 
 
 

EDF chose to adopt OSL, since it combines the various benefits of film, TLD and RPL: 
 
• Good sensitivity, as with TLD and RPL 
• Good linearity with the dose, as with TLD and RPL 
• Good energy response, as with TLD and RPL 
• Monthly dose re-reading possible, as with Film 
• Low cost, as with Film 
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5) Summary of the ISOE international survey: 
 
 

 
Country Plant Current 

dosimeter 
Change 
planned 

Y/N 

Planned 
technology 

Reasons 

Susquehanna TLD Y OSL OSL allows "provisional" reading 
whenever desired 

Calvert Cliffs TLD Y OSL OSL has good accuracy levels and 
economic benefits 

San Onofre TLD N  Any change would involve switching 
to an electronic dosimeter 

USA 

Commanche Peak TLD N  No change, given the investment 
made in TLD 

CANADA Gentilly TLD N   
UNITED 

KINGDOM 
Sizewell Film Y Electronic 

dosimeter 
Legally recognised as dosimeter 

Oskarshamn TLD N  Film has been definitively rejected 
due to its problems and poor 
detection limit 

SWEDEN 

Ringhals TLD N   
Brokdorf Film N  Any change would involve switching 

to an electronic dosimeter  
GERMANY 

Neckarwestheim RPL N   
BELGIUM Doel  

+ Thiange 
Film and 

TLD 
N   

CZECH 
REPUBLIC 

Dukovany Film N  Any change would involve switching 
to an electronic dosimeter  

BULGARIA Kozloduy TLD N   
SOUTH 
AFRICA 

Koeberg TLD Y OSL OSL is cheap. Excellent directional 
response. Re-reading possible. Very 
good neutron response compared 
with TLD. Independent laboratory. 

BRAZIL Angra Film Y TLD Accuracy and cost. TLD is already 
used, and a certification procedure is 
under way to have TLD confirmed as 
legally recognised dosimeter. 

Fukushima  
+ Kashiwasaki 

TLD N  TLD replaced film in 2000. 
Disadvantages of TLD: no re-
reading, regular calibrations 
required. 

Tomari  
+ Onagawa  

+ Shika  
+ Takahama  
+ Shimane  

+ Ikata  
+ Gonkai 

RPL N  RPL replaced film in 2001. 

JAPAN 

Hamaoka +Tokai 
+Tsuraga 

Electronic 
dosimeter  

N  Replaced film or TLD. 

 

 4



6) References: 
 
 State of the art of various technologies: study conducted by Mr Javaraly Fazileabasse of EDF 

Research and Development - Process Performance Optimisation Department (R&D - OPP). 
 Comparative study conducted by Mr Javaraly Fazileabasse of EDF R&D - OPP. TLDs were 

loaned and interpreted by COGEMA and OSLs by the company LANDAUER. The CEA 
provided the RPLs. Trials were organised in real situations by Mr Charles Pauron of the Risk 
Prevention Group, which is part of the EDF - DPN Operational Installations Support Centre, 
(CAPE-GPR). Mr Pauron worked in conjunction with the Risk Prevention Services at the 
Gravelines, Penly and Tricastin nuclear plants. The trial protocol was submitted for approval 
by the French Institute for Nuclear Safety and Radiation protection (IRSN). A copy of the 
report was also sent to the institute. EDF – R&D – OPP will be issuing a publication. 

 Survey via the ISOE network conducted by Mr Philippe Colson and Mr Charles Pauron of 
EDF – DPN – CAPE – GPR . 
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Quand votre monde s’éclaireQuand votre monde s’éclaireQuand votre monde s’éclaire

PASSIVE DOSIMETER 
BENCHMARKING



2

CONTEXT

French regulations originally required film to be used as a passive 

dosimeter. The decision dated 23rd March 1999 does not impose any 

particular technology.

Technological advances have made the future of film uncertain.

In early 2001 the Management at the EDF Group’s Nuclear Generation 

Division decided to undertake a study : feasibility and potential 

benefits of adopting a new passive dosimeter technology.
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VARIOUS TECHNOLOGY AVAILABLE

Film dosimeter

TLD : ThermoLuminescent Dosimeter 

OSL : Optically Stimulated Luminescence dosimeter

RPL : RadioPhotoLuminescent dosimeter
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STUDY PLAN

2001 : State of the art of the various technologies 
available and experience feedback

2002 : Comparative study of the behaviour of the 
different technologies under laboratory conditions and 
real situations in 3 EDF nuclear power plants over 3-
month period

Early 2003 : Survey of international nuclear operators 
conducted via the ISOE network
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COMPARATIVE TRIALS

Around 250 badges including Film, TLD, OSL and RPL worn by a specific 
group of personnel, selected according to exposure conditions

High exposure :
• Maintaining the reactor building (cleaning, decontamination)
• Installing and removing nozzle dam inside steam generators water box
• Valve mechanics, insulation technicians and welders working on primary 

and connected circuits

Low exposure :
• Chemists
• Business managers and foremen
• RPS (radiation protection service) technician
• Fuel disposal
• Sorting radioactive waste
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COMPARATIVE TRIALS

Identical badges were tested in extreme conditions :

› Exposure to 20 mGy for 1 minute (gamma radiography projector)

› Exposure to 4.4 mGy for 11 minutes (filter in the process)

› Exposure through an X-ray detector machine

› Poor thermal conditions with temperatures reaching 70°C

The results are consistent, and the deviations observed are in line with 
standards. The technical performances of the OSL and RPL dosimeters 
are quite similar, and often superior to those of film and TLD

EDF – Research and Development will be issuing a publication
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RESULTS OF COMPARATIVE STUDY

Charateristics Film TLD OSL RPL

Dose dynamic - = +
+

+
Dose linearity - = ++

Energy response - = +
+

++
Repetition - = +

+
+

Regulations

Batch uniformity - +

Dose storage ++ - ++ =
Number of suppliers + ++ - -

Market - Carries = + + -Economic 
Aspects

Operating cost + - + -

++

++
Influence quantity - = ++

SUMMARY - = +

Technical 
Aspects

-Acceptable = Medium + Good ++ Very good
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CONCLUSION

OSL combines the various benefits of Film, TLD and RPL

The DPN Management decided to replace film with OSL in 2 
pilot nuclear plants to the period July 2004 to December 2005 
and in all plants in 2006

European call for tender published in september 2003  for the 
period July 2004 to December 2005
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INTRODUCTION
Within its 5th Framework Programme, the EC is funding the project EVIDOS (“Evaluation of Individual
Dosimetry in Mixed Neutron and Photon Radiation Fields”). The aim of this project is the optimisation of
individual monitoring at workplaces of the nuclear fuel cycle with special regard to neutrons. Various
dosemeters for mixed field application – passive and new electronic devices – are tested in selected
workplace fields in nuclear installations in Europe. The fields are characterised using a series of
spectrometers that provide the energy distribution of neutron fluence (Bonner spheres) and newly developed
devices that provide the energy and directional distribution of the neutron fluence. Results from the first
measurement campaign, carried out in simulated workplace fields (IRSN, Cadarache, FR), and those of a
second measurement campaign, carried out at workplaces at a boiling water reactor and at a storage cask
with used fuel elements (Kernkraftwerk Krümmel, DE), are described.

SELECTION OF WORKPLACE FIELDS
A first important task of the project was the selection of workplace fields. There were two main aims: One
was to select places with significant contributions of neutrons to the personal dose equivalent but which
differ with respect to neutron energy and direction, neutron to photon dose ratio and environmental condi-
tions in terms of noise, temperature, vibrations and electromagnetic interference. The second aim was to
involve the radiation protection officers at the facilities and to promote discussions. Some of the first project
meetings, either with all members of the project or within smaller task groups, were held at the envisaged
facilities. The workplaces were visited and their suitability discussed. The facilities considered are listed in
Table 1.
The campaign C0 was carried out at the simulated workplace fields at Cadarache. These fields are
particularly attractive for performance tests of electronic dosemeters which may not present a perfect
response in quasi-mono-energetic neutron fields but respond with sufficient accuracy in practical fields with
broader energy distributions. Secondly, these fields have been characterized with extensive MCNP
calculations of energy and directional distributions of neutron fluence(1) and are thus well suited for testing of
the performance of the new spectrometers.
Electronic neutron personal dosemeters are especially needed for operational dosimetry in nuclear power
plants and there is also an upcoming need for neutron monitoring around casks that contain spent fuel. Places
which are routinely visited for control measurements at the Krümmel Nuclear Power Plant were chosen for

Table 1. List of sites for the measurements
Facility Place Measurement period

C0 Canel and Sigma simulated workplace neutron fields Cadarache, France October/November 2002
C1 BWR Krümmel Krümmel, Germany April 2003
C2 Venus Research Reactor, SCK-CEN and Nuclear

Fuel Facility Belgonucléaire
Mol, Belgium June 2003

C3 PWR Ringhalsverket Ringhals, Sweden planned for fall 2004
C4 Fuel processing plant / Magnox Reactor Sellafield, U.K. planned for spring 2005



measurement campaign C1: a position in the control room underneath the reactor, another position near the
top of the reactor and two places close to a cask containing spent fuel.
In Mol, the measurements for the C2 campaign were performed at two facilities. At the VENUS Research
Reactor one location was chosen where personnel need to read a gauge next to the reactor and another in the
control room. At the Belgonucléaire fuel processing plant, four positions were chosen: bare plutonium rods,
plutonium-rods in a rack with and without shielding and inside a stock room.
The measurement campaign C3 is foreseen to take place at the PWR Ringhalsverket. This reactor is of a
different type (PWR) from the Krümmel reactor (BWR). Positions with extremely severe environmental
conditions are selected. This allows the performance of dosemeters and spectrometersto be tested under
harsh conditions. In addition, these fields have been extensively investigated by spectrometric methods
several years before, thereby providing additional information and comparisons.
Finally, campaign C4 is intended to take place at a fuel processing plant at Sellafield in the UK.

DOSEMETERS AND SPECTROMETERS USED
The dosemeters used in the EVIDOS project are listed in Table 2. Recent publications concerning their
performance are given in the references in Table 2 and some recent overviews(11-13).
The IRSN Bonner sphere spectrometer is used for reference spectrometry. It consists of an 3He filled
proportional counter and 12 polyethylene spheres. The five smallest spheres are used bare and also with a
cadmium shield. This system is well characterized by calculations and measurements at monoenergetic
fields(14). The measurements were performed at the PTB and NPL standard laboratories and at the SIGMA
IRSN thermal neutron facility(15).
The simultaneous measurement of neutron fluence as a function of energy and direction is performed with
two novel instruments: one based on Si-diodes mounted on a stationary polyethylene sphere and one using a
SDD-spectrometer inside a rotatable collimator.
The directional spectrometer based on silicon detectors(16) consists of six detector capsules, each containing a
stack of 4 silicon detectors, mounted onto the surface of a 30 cm diameter polyethylene sphere and electron-
ics to amplify and record the pulse height spectra of all detectors. The response function of this device has
been determined for a series of directions using measurements in quasi-mono-energetic neutron fields and
MCNP calculations for neutrons in the energy range from thermal up to 15 MeV, and using measurements
for photons in the energy region from 80 keV to 6 MeV. The pulse height spectra measured in workplace
fields are analysed using unfolding codes with respect to energy and direction, for both neutrons and
photons(16,17).
One of the codes (MIEKE) works without explicit pre-information on energy and directional distribution, the

Table 2. Short description of the devices used in the EVIDOS project. The status (commercial (c)
or prototype (p)) is given in the last column.

Name of Device Short description

BAE SYSTEMS novel area monitor for H*(10) and Hp(10,α) measurements(2) p
Berthold LB 6411 moderator type area monitor c
Harwell N91 moderator type area monitor c
Sievert
instrument

low pressure proportional counters (one of tissue-equivalent plastics and one of graphite)
evaluated according to the variance/covariance technique(3)

p

Studsvik 2200's moderator type area monitor c
Wendi-II moderator type area monitor with tungsten loaded moderator(4) c
Aloka PDM-313 electronic neutron dosemeter with 1 silicon detector c

BTI-PND fast neutron bubble detector(5) c

DISN
differential reading of two ionisation chambers, based on Direct Ion Storage two types,
each type with and without boron plastic shieldings(6)

p

DOS-2002 electronic photon/neutron dosemeter with 1 silicon detector(7) p
HpSLAB superheated drop detector inside a slab phantom(8) p
PADC (CR-39) track etch detector (chemical + electrochemical etching)(9) c
PND+BDT combination of fast and thermal neutron bubble detector c
Saphydose-n electronic neutron dosemeter using a segmented silicon diode(10) c
Siemens EPD N electronic photon/thermal neutron dosemeter with 3 silicon detectors c
Siemens EPD N2 electronic photon/neutron dosemeter with 3 silicon detectors c



other one (MAXED) takes pre-information into account: with respect to the neutron energy, primarily the
spectra measured at the same places by Bonner spheres were taken for pre-information. For the direction,
initial estimates were derived from the raw detector readings of the directional spectrometer itself.
The directional spectrometer with superheated drop detectors(18) uses a “telescope design” with a single
detector at the centre of a 30 cm diameter moderating-sphere of nylon-6. The system views a narrow solid
angle of about 1/6 steradians since the hydrogenous sphere effectively attenuates laterally incident neutrons,
thus providing a strong angular dependence of the response. By changing the temperature of the superheated
drop detector from 25°C to 55°C, a series of responses with threshold behaviour is obtained as a function of
neutron energy. The response functions have been determined experimentally using quasi-monoenergetic
neutrons for frontal incidence and using MCNP calculations for higher angles of incidence. First analyses of
the energy and direction of neutrons were performed using the MAXED unfolding code(17,18).

RESULTS IN SIMULATED WORKPLACE FIELDS
First results of dosemeter readings obtained in the Cadarache simulated workplace fields were presented at
the 9th Symposium on Neutron Dosimetry in Delft(19). Two fields were discussed: the thermal field
SIGMA(15) , with 43% of the ambient dose equivalent arising from thermal neutrons, and the CANEL(20) field
with a broad energy distribution showing a maximum contribution to the dose equivalent in the range of a
few hundred keV and additional significant contributions of thermal and intermediate energy neutrons.
Reference values were obtained from Bonner sphere measurements and MCNP calculations.
All personal dosemeters were attached to ISO phantoms for irradiation. For normal incidence, the
dosemeters Aloka PDM-313 and Siemens EPD N2 showed over-readings by more than a factor of two
compared to the reference values, while others (Saphydose-n, DOS-2002, PADC track detectors from NRPB
and devices based on superheated drop detectors like HpSLAB and BTI PND) showed deviations less than
30%. DIS-N dosemeters were used with and without boron plastic shielding. Without shielding over-
responses of up to a factor of 20 were recorded, while with shielding responses between 0.5 and 1.1 were
obtained. The Siemens EPD N, a dosemeter which is intended only for the measurement of thermal and
intermediate energy neutrons, responded well to the thermal part of the spectrum at SIGMA but showed
under-readings by more than a factor of two at CANEL.
The readings of the ambient dose equivalent devices deviated by less than 30% from the reference values,
except for one case: BAE systems at SIGMA showed a response value of 0.59.
Both directional spectrometers were used at SIGMA and CANEL. Due to time consuming variations of the
temperature of the superheated drop detectors and the small effective opening of the “telescope device”
measurements were performed only in one direction (frontal) at SIGMA and two directions (frontal and 30°)
at CANEL. The analysis using unfolding codes is still in progress.
The results of the directional spectrometer with silicon detectors were analysed and first results published(16).
Figure 1 shows the directional distribution obtained at CANEL. H*(10) contributions per angular interval,
derived from MCNP calculations, decrease sharply above 30°, whereas the results of the directional
spectrometer show significant contributions up to 60°. This shows the limited angular resolution of the
experimental device. Each of the six capsules mounted onto the surface of the sphere chiefly extracts
information on neutron fluence impinging on a solid angle cone corresponding to roughly one sixth of the
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Figure 1. H*(10) contribution per angular interval as calculated by MCNP for the CANEL field and derived
from the directional spectrometer using the unfolding codes MIEKE and MAXED.



total solid angle. The angle integrated fluences and ambient dose equivalent showed agreement with the
reference values within 20%.

RESULTS AT KRÜMMEL
The measurements were performed at two positions inside the boiling water reactor and at two positions near
an NTL11 cask with spent fuel (see Figure 2 and Table 3).

Table 3. Measuring positions at Krümmel
Position Distance 1 Distance 2 Height above floor Front direction
KKK TOP, 40 m level to door: 0.8 m to wall: 0.68 m 1.50 m towards reactor
KKK SAR centre of room centre of room 1.20 m towards lock
Cask midline centre of cask to cask: 1.0 m 2.65 m towards cask
Cask side 10th ring, left side to cask: 1.35 m 1.50 m towards cask

Turbine Reactor
Condense Storage pool for fuel
Heater Changing for fuel

dGenerator Chimney
Containment

Position “TOP”

Position “SAR” Position SIDE

Position MIDLINE

Figure 2. Measuring positions at Krümmel

The results obtained with the Bonner sphere spectrometer for the energy distribution of neutrons are shown
in Figure 3 together with angle integrated spectra obtained from analysis of the directional spectrometer with
silicon detectors. The spectra at the cask are quite hard, with a main fluence contribution at a few hundred
keV, while the spectra at the reactor contain a considerable amount of thermal and intermediate energy
neutrons.
Reference values for H& *(10) were obtained by multiplying the spectra by fluence-to-ambient dose
equivalent conversion coefficients (see Table 4). The results of the ambient dose equivalent meters agree
with the reference values H& *(10), within 30%, except for Wendi-II (1.75 at KKK SAR) and for
BAEsystems (0.66 at KKK TOP). More detailed information on results of ambient dose equivalent meters
measured at “cask midline” and at SAR is given in Reference 19.
H& *(10) values obtained by the directional spectrometer with silicon detectors agree within 30% with the
reference values in case of the MAXED unfolding (see also Figure 3) and showed deviations up to 50% for
unfolding without pre-information (MIEKE). Preliminary estimates for H& p(10) were derived using the fol-
lowing approach: The spectra, obtained for different directions from measurements with the directional
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Figure 3. Spectral neutron fluence per logarithmic bin-width as a function of energy at two workplaces
investigated during C1 (Krümmel) using Bonner spheres (dotted line)(19) and the directional spectrometer
with silicon detectors ( full line, MAXED unfolding).



spectrometer, were multiplied with fluence-to-personal dose conversion coefficients (new ones calculated
also for backward directions(21)) and fluence-to-ambient dose equivalent conversion coefficients, and ratios
H& p(10)/ H& *(10) were calculated. Values derived from the directional spectrometer using both unfolding
codes (MAXED and MIEKE) are given in Table 4. Low values for the ratio H& p(10)/ H& *(10) were obtained
in the field with almost isotropic distribution of neutron fluence, at the SAR. Preliminary estimates for
H& p(10) were obtained by multiplying the H& *(10) reference values obtained using the Bonner spheres with
values of H& p(10)/ H& *(10) obtained using the angular spectrometer and MAXED and MIEKE unfolding
(mean value). Estimate of H& p(10) for the front direction are given in Table 4. The last column in Table 4
contains the ratio of neutron and photon contributions of ambient dose equivalent (latter measured by a FHT
191N ionisation chamber).

Table 4. H& *(10) reference values and estimates of H& p(10) (latter for front direction) for the measurement
positions at Krümmel. Preliminary values of uncertainties are given.

Position H& *(10) / µSv h-1 H& p(10)/ H& *(10)
MAXED, front

H& p(10)/ H& *(10)
MIEKE, front

H& p(10)/µSv h-1

front

H& *n(10)
/ H& *γ(10)

KKK TOP 39.0 ± 5.8 0.52 0.60 21.8 ± 6.5 4.20
KKK SAR 46.8 ± 7.0 0.33 0.29 14.5 ± 4.4 0.24
Cask midline 152 ± 23 0.69 0.85 117 ± 35
Cask side 54.6 ± 8.2 0.52 0.85 37.4 ± 11.2 40

The personal dosemeters were irradiated on ISO phantoms in the positions “cask side”, “cask midline” and
“KKK TOP” for about 2 hours and inside the SAR under nitrogen atmosphere for 38 hours. In the latter case,
the track dosemeters were sealed in air in order to avoid track fading due to oxygen deficiency. The readings
of the personal dosemeters attached on the front side are shown in Figure 4. In all cases also dosemeters were
attached on the back side of the phantom. The readings were mostly zero or close to the detection limit of the
dosemeters and are not shown in Figure 4 besides those measured at the SAR, where the radiation field was
much more isotropic.
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Figure 4. Personal dose equivalent rates H& p(10) of dosemeters at Krümmel. The dashed lines indicate
estimated values of H& p(10). The local device was a TLD albedo dosemeter. The full / open symbols indicate

values measured at the front side/back side of the phantom ( H& p(10) value dotted for back side).



The estimated values of H& p(10) are indicated by dashed/dotted lines. In both reactor fields some of the
personal dosemeters seem to over-respond H& p(10) by more than a factor of two. This is probably due to
over-responses of these dosemeters for thermal and intermediate energy neutrons. Please note that the
uncertainties of the estimated values of H& p(10) are still of the order of 30% (one standard deviation).

OUTLOOK
To achieve the aim of the project a consistent description and understanding of all measurements and results
is necessary. This implies a deeper understanding of the dosemeter responses in workplace fields by
multiplying the spectral information by the angle dependent response of the dosemeters. Equally important is
the knowledge of energy and direction distribution of neutrons for the investigated fields. Such additional
information can be obtained by analysis of the results measured by superheated drop detectors and PADC
track detectors mounted in different directions on the sides of the phantom.
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Evolution and current  status of personal dosimetry in the Slovak NPPs 
 
Dušan Viktory, Public Health Office of the Slovak Republic 
Svetozár Mocko, NPP Bohunice, Slovak Republic 
 
 
A. History 

In  archive of the Public Health Office, there is a lot of documents which demonstrate that since the 
beginning of design of the first NPP in Slovakia,  there has been considerable attention dedicated to personal 
dosimetry. But only few facts will be   mentioned here. The external exposure was monitored by national 
(Czechoslovak) dosimetry service in Prague until 1977.  NPPs have had their own services since then. Film 
detectors have been used for legal purposes since the beginning.  The structure of the film detector allows 
measurements of beta and gamma radiation, assessment of main direction and  energy of radiation, 
identification of surface contamination. Exposed films are kept in the archive. The operational dosimetry has 
been developed significantly, from simple pen detectors with ionization chamber to electronic dosimeters.  
The internal contamination has been  monitored by medical service (under Health Ministry) which was 
established in NPP Bohunice until 1987. Since then  the internal dosimetry services have been operated by 
the NPPs. The whole body counters and laboratories for analysis of biological samples have been available 
on both nuclear sites of Slovakia. The measurement system,  the rules and the methodology were regularly 
improved. Quick body monitors and monitors for thyroid monitoring are available also on both sites at 
present. 
 
B. Current legal basis 

The act on the health protection and the regulation of the Health Ministry on radiation protection 
determine the requirements for external and internal personal dosimetry of occupationally exposed workers.  
Personal dose of any occupationally exposed  worker of A category in controlled area must be monitored by 
personal dosimeter. All relevant components of radiation field on a workplace  must  be monitored by the 
basic (legal) personal dosimeter or dosimeters. Monitoring period for NPPs is one calendar month, but for 
less risk practices  monitoring period up to three months is acceptable.  
The extremity dosimeter is necessary if  the extremity dose (or dose in lens of eye) could be significantly 
higher then personal dose monitored on the standard place for monitoring of personal dose equivalent. Direct 
readable operative personal dosimeter  is obligatory in areas where the dose rates are higher than 1 mSv.h-1  
or where the radiation field changes rapidly so that accidental exposure is possible.  
Requirements for the parameters and testing of personal dosimeters are based on technical recommendation 
of EC and the Safety Guide No. RS-G-1.1 on Assessment of occupational exposure due to external exposure.  
  

Evaluation of exposure caused by internal contamination is obligatory on workplaces with 
radioactive substances. If the risk of internal contamination is not relevant, only area monitoring is 
obligatory. When the individual monitoring of internal exposure is required, the monitoring frequency and 
monitoring system depend on the risk of internal exposure.  
 

The basic (legal) system for personal monitoring must be metrologically approved by the National 
Metrological Institute (stated by the act on metrology). Monitoring of personal doses in controlled area is 
obligatory. Only approved services can perform the basic (legal) personal dosimetry. The Public Health 
Office is responsible for approval and licence issuing for these services. In Slovakia there are three approved 
personal monitoring services for external exposure and two services for monitoring and evaluation of internal 
exposure at present.  
 
Central register  

The central register of the occupationally exposed in  Slovakia is established  at Public Health Office 
of SR. This register co-operate with the register of radiation sources  and licensees.  
 
Radiation Passport 

The radiation passports are not used in Slovakia at present. This is a weak point of  the system of 
radiation protection and of  the Slovak legislation. Slovakia will become  a member of European Union and 
it is necessary to apply the directive on radiation protection of outside workers of EC. In the prepared 



amendment of the act on health protection, there should  be the legal basis for issuing of radiation passports. 
I expect that national register will issue the passports.  
 
Outside workers 

The operator is committed  to ensure the same level of protection  for the employees and for outside 
workers including the individual monitoring of external and internal exposure in controlled area. The 
operator is obliged to require the data about foregoing doses of the outside workers. 
 
C. Current status  of the personal dosimetry in Slovak NPPs 
Monitoring of occupationally exposed workers to external radiation 

There are two approved personal dosimetry services, one on site of Bohunice and the other one on 
site of Mochovce, both are operated by the Slovak Electric joint stock company. The personal dosimetry 
services were approved and licensed by the Health Ministry (in the future by the Public Health Office of SR). 
Film dosimeters are evaluated monthly (calendar month). The system of film  personal dosimetry is 
metrologically approved by the National Metrological Institute in two years interval. The system of personal 
monitoring on site Bohunice and Mochovce differs, because of historical development. Any person in 
controlled area in NPP has a legal film dosimeter for gamma and beta radiation, electronic personal 
dosimeter for gamma radiation (or beta –gamma), and if necessary also neutron dosimeter and extremity 
dosimeter. 
 
Basic (legal) personal dosimetry 

In NPP Bohunice, they use FOMA Personal monitoring Film (Czech Republic) (high and low 
sensitive). The cassette contains three  Cu filters (thickness: 0.05, 0.5, 1.5 mm), Pb filter (0.5  mm) and 
a window (diameter 10 mm). Termoluminiscent dosimeters type LiF 600 are used for basic neutron 
dosimetry. Only very limited number of these dosimeters is necessary. Extremity dosimeters LiF 100 as 
finger dosimeters are used, if the extremity dose could be significantly higher.  

In NPP Mochovce, the film dosimeter for gamma radiation contains Cu filters (0.05, 0.8 mm), Pb 
filter (0.2 mm)+ Sn (0.6 mm), Cd filter (0.8 mm) and window without filter. They use  also  FOMA personal 
monitoring film R10 and R2, with high and low sensitivity. Neutron radiation doses are monitored by the 
TLD600/TLD700 in Bicron cassette. Extremity dosimeters -  Aluminophosphate glass as finger dosimeters 
are used in special cassette. 
 

Both personal dosimetry services use films irradiated in the  National Metrological Institute (up to 30 
films of the same rank  as the film used in dosimeters irradiated with various doses) for the monthly 
calibration of densitometers  (Gretag D 200 – II). The dosimeters are calibrated in Ka.  The conversion factors 
recommended by the ICRP 74 are used for the calculations. The quantities of Hp(10) and Hp(0.07) have been 
implemented since the beginning of  1993.  
 
Operational personal dosimetry 

Any  electronic personal dosimeter is  calibrated in metrological laboratory of NPP annually. The 
metrological laboratory is approved by the National Metrological Institute and connected  to  the national 
standard. 

NPP Bohunice. Electronic dosimeters  MGP, (DMC 90 and readers LDM 91) are used routinely for 
operational personal dosimetry (remote control WRM 91 is also available). The TLD system used for  
personal dosimetry is metrologically approved by the National Metrological Institute. The LiF 100 
dosimeters are used ,  the Harshaw  Model 6600 reader and card holders 8805. 
NPP Bohunice is in the process of improvement of operational electronic personal dosimetry and 
replacement DMC 90 with the dosimeters of  DMC 2000 type with new readers and calibrator. 
 

NPP Mochovce. Electronic dosimeters Siemens MARK 1 and MARK 2 (beta gamma) are used for 
operational personal dosimetry in controlled area and limited number of electronic neutron dosimeters is 
available. TLD system for operational  personal monitoring consists of  an aluminophosphate glass  
(diameter 8 mm, in plastic DIPRA cassette with perforated Pb filter) and  reader SOLARO 680. The TLD 
system is regularly approved by the National Metrological Institute in two years interval. 

NPP Mochovce intend to use the EPD as the basic monitoring system in the future.    The authority 
requires to use dosimeters resistant  to magnetic field and being able to monitor the week penetrating 
radiation only. It is also  required to use simultaneously film and EPD systems for few years, an analysis how 



the  transition to EPD  will influence the system of radiation protection, mainly in case of higher exposure, 
because available EPD  gives less information on energy and direction of radiation and surface 
contamination of dosimeter. It is also necessary to evaluate possibilities  and conditions of safe data 
recording  and storing. 
 
Internal exposure monitoring 

Whole body counting,  quick body monitoring for screening, I-131 in thyroid monitoring system and 
laboratories for analysis of biological samples are available on both NPP sites. Methodology for analysis of  
gamma nuclides in biological samples, tritium and strontium in urine and plutonium in faeces are approved.   
 

Admission monitoring for any person who will work in controlled area (outside workers and new 
employees) is obligatory. Monitoring after retiring from work in controlled area (ending of the job on 
contract  for outside workers, retiring of employees or retiring from work in controlled area) is obligatory. 
Routine monitoring – usually monthly obligatory for groups of  workers working in enhanced risk of internal 
contamination. Periodical – annual monitoring is obligatory for  all occupationally exposed (part of medical 
examination). Special monitoring – in case of anomalies, when the internal contamination is possible or 
expected. 

Usually  the highest relevant inhalation dose coefficient given in the BSS is used, if the chemical 
form of contaminant is unknown. Intake is calculated on the base of respiratory tract model (ICRP 66) and 
biocinetic models in ICRP 30.  
 
Dose data  management and record keeping 

Computer network system  for  work planning and dose management is available. It manages the 
data from basic dosimetry (film) and operational personal doses in the current month. After the evaluation of 
basic (film) dosimeter are the data on personal dose from operational dosimetry during last month are 
removed and superseded by the  reading from basic dosimetry. The data from operational dosimetry are also 
kept in the archive. 

All  data on personal doses are archived on two different places in two forms – written and 
electronic. All measured values are recorded including those from operational dosimetry including data on 
methodology and important  parameters. The data are regularly reported to the Central Registry and to the 
RP authority. 
 
International comparison 

The personal dosimetry service of NPP Bohunice participated successfully in the international 
comparison for individual monitoring of external exposure from photon radiation organized by IAEA in 
1997-1998. The personal dosimetry service of NPP Mochovce participated in international comparison  of 
accidental dosimeters  organized by Silene- Valdue. The results have not been published yet. Both personal 
dosimetry services took part in the international comparisons for whole body measurements and  I-131 in 
thyroid measurements organized by IAEA. The results of intercomparison have not been published too. 
 
Reporting system 

The dosimetric services and the licensee (for practice) are obliged to send the data on results of basic 
(legal) personal dosimetry during each monitoring period to the RP authority and to the central registry.  
They are also committed  to provide analysis of personal dose (monthly and annually), annual and 5-years 
summaries. In the licence there is also specified what levels of individual doses  (including those from 
operational dosimetry and internal dosimetry) should be reported without any delay to the authority. 
  
Conclusions 

The good system of personal monitoring is the  basic condition for appropriate radiation protection 
of occupationally exposed workers. Current system  of  individual personal monitoring of occupationally 
exposed workers in Slovak NPPs seems to be adequate and compatible with good practice.  The main 
weakness  of the system seems to be the missing system of the radiation passbooks. But we can expect that 
this problem will be  solved till the end of this year. 
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History

• External exposure
• until 1977 national personal dosimetry service
• since 1978 personal dosimetry services
of NPPs

– basic (legal) system – based on film dosimetry

• Internal exposure 
• until 1987 dosimetry service under Health Ministry
• since 1987 dosimetry services of NPPs

– whole body counter, thyroid, biological samples



Current regulations 
on personal dosimetry

• Act on health protection
• regulation on radiation protection

• Act on metrology
• regulations on metrology



General requirements
• Services for personal dosimetry are licensed by 

the Health Ministry (Public Health Office) 
• Metro-logically authorized (by the National 

Metrological Institute) measurements systems for 
basic (legal) dosimetry are  accepted 

• 3 services for monitoring of external exposures 
and 2 for internal are licensed at present



External exposure – requirements
• Any person working in the controlled area must 

have  basic  (legal) personal dosimeter,
• All relevant kinds of radiation present at the 

workplace should be measured 
• Response of dosimeter should correspond to the 

actual radiation field 
• Additional dosimeter is necessary, if local dose to 

extremity or lens of eye could be significantly 
higher 

• Direct readable operational dosimeter  with 
signalization must be used, if local dose rate 
higher than 1 mSv/h is anticipated



Operational monitoring

• Provide the basic information for the worker 
and for the utility, necessary for 
optimization,

• is useful mainly in high risk, in enhanced 
radiation fields or in case of very non 
homogeneous or  variable fields, or if 
probability of accidental exposure is high



Internal exposure – requirements

• assessment of the internal exposure is 
obligatory on workplaces with radioactive 
substances

• in low risk – workplace monitoring
• in higher risk – individual monitoring, 

the monitoring system (methods and 
frequency) depends on the risk



National dose register 
and radiation passbooks

• Central dose register established  at the 
Public Health Office

• Radiation passbooks not available at present



Records keeping

• by the personal dosimetry service at least 3 
years

• by the operator – 30 years after finishing of 
work or age of 75 years

• by the central register (no condition)



Actual situation in NPPs 
- external exposure

• NPP Bohunice and NPP Mochovce have their 
own authorized services for external and 
internal personal dosimetry

• External exposure 
– legal (basic) monitoring with film 

dosimeters, recording level-0.1 mSv, 
monthly,

– operational - TLD, daily or per task, and 
EPD (on line) per task or per entrance in 
contr. area







Actual situation in NPPs 
- internal exposure

• approved measurements:
– whole body counters with semiconductor 

gamma-spectrometry
– Iodine in thyroid measurements
– indirect methods - samples of excreta, 

tritium, gamma-spectrometry, plutonium, 
strontium

– quick body monitoring for screening



System of internal exposure monitoring

• all workers before commencing the  work in 
controlled area, including the outside workers

• all workers at least ones in a year
• outside workers after finishing the contract work
• workers in higher risk of contamination are 

routinely monitored, usually monthly
• in case of spread of the  radio nuclides, or of  body 

surface contamination,  or of an accident  or  a  
suspicion  of contamination without delay 

• recording level  0.1 mSv 







Assessment of internal exposure

• standard biocinetics and models 
recommended by  the ICRP (30, 56, 67, 69, 
71 and 54, 66, 78),  recommended 
international software 

• dose coefficients given by the BSS
• middle of the monitoring   interval expected 

as the intake time, if the  time of intake is 
not known 



Reporting of the data 
on occupational exposure

to the national register
– by the dosimetry service
– by the operator

to the regulatory body
– by the dosimetry service
– by the operator



Monitoring in emergency

• external - basic and operational, special 
limits and reference levels

• internal - samples taken without delay, 
measurement as soon as possible



Conclusions
Published  results of intercomparison for   external 

exposure from photons for personal dosimetry
service of NPP Bohunice are very good.

The system of  personal dosimetry is 
adequate, compatible and comparable 
with practices in other countries.

Problems to be solved:
• Radiation passbooks
• Legal dosimetry by EPD



RADIATION RISK ANALYSIS OF TRITIUM IN PWR NUCLEAR POWER PLANT 
Yang maochun 

(Daya Bay Nuclear Power Plant, Shenzhen, Guangdong, PRC) 
 

Abstract: 

Tritium is a common radionuclide in PWR plant existing mostly in the manner of HTO, its radiation 
risk is mainly internal exposure when intake from inhalation. In this paper, the relationship between 
saturated HTO concentration in air（SHCA）, HTO concentration in water (ATW), and the water 
temperature was derived. Which is:  
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In the normal operation of Nuclear Power Plant, the practical HTO concentration in air (PHCA) is 30 
to 60 times lower than SHCA. The radiation risk analysis of HTO revealed that, in PWR plant, the 
radiation risk of HTO is quite limited, no routine individual monitoring, no routine area or air 
monitoring and no special protection is needed for HTO.   

Key words: radiation/risk/analysis/HTO/tritium 
 
 
1. Radiation risk of tritium  
 
Tritium is a common radionuclide in PWR plant existing mainly in the manner of HTO, its radiation 
risk is mainly internal exposure when ingested by the following ways: 
A. Absorption from skin when contaminated by Tritium. In a PWR plant, as effective individual 

protective measures are taken for contamination risk, large surface and high level skin 
contamination are normally averted. The possibility of Tritium intake by this way is quite low. 

B. Intake from month. Because of the individual and collective protective measures implemented in 
PWR plant, the possibility by this way is low too. 

C. Intake from inhalation: It is the main way of HTO ingestion. 
 

HTO in water enter air mainly by evaporation. In the PWR plant, most of the radioactive systems 
are maintained enclosed in normal operation, except:  
A. The spent fuel pool (in the Fuel Building): Always open to the air with surface of around 106m3.  
B. Reactor pit and fuel transfer pool (in the Reactor Building): Filled with water in some periods of 

outage with a surface of around 150 m3. 
C. Liquid waste sumps: they are normally located in isolated rooms with small surface.  
D. The reactor building during power operation: During power operation, the Reactor Building is 

maintained closed with only internal ventilation. As there is always some leakage collected in 
liquid waste sumps, after a certain time of operation, the HTO in air way be saturated with liquid 
and reach 104～105Bq/m3. Because access to reactor building is strictly controlled in power 
operation period, the internal exposure for workers from HTO is low. 

 
In summary, the radiation risk of Tritium in RWR plant is mainly exist in the Fuel Building, and 

the Reactor Building during outage. The highest HTO concentration in air is the saturated HTO 
concentration in air（SHCA）when equilibrium has been set up with water phase. 



 
2. Relationship between SHCA and HTO concentration in water (ATW) 
 

When the water temperature is low, there is : 
pS × V = nSRT         (1) 

 
Here Ps is the partial pressure of saturated steam in air, ns is the mole number of saturated steam in 

air, R is a constant, R=8.31 J/mole.k, V is the volume of air, T is the absolute temperature.  
For HTO in air . 

pTS × V = nTSRT，
RT
p

V
n TSTS =          (2) 

 
Here PTS is the partial pressure of HTO in the saturated steam, nTS is the mole of HTO in air. 

The activity of HTO in air: 
ATS = λ × NTS = λ × η × nTS        (3) 

 
Here, nTS is the number of HTO molecules, λis the decay constant of HTO, ηis a constant, 
η=6.023×1023  
The saturated HTO concentration in air (SHCA) when equilibrium is set up between air and water is: 
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If the HTO concentration in water is ATW(Bq/m3), the mole of HTO is nTW, there is : 

ATW = λ × nTW × η             (5) 
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In 1 m3 water, the number of mole of H2O is  
 

ηληλ ×
×

=
×××

=
−

TW
5

4
TW

W

TW 108.1
1056.5

AA
n
n        (7) 

 
So the relationship between PTS and Ps is: 
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When (8) is combined with (4), there is: 
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The partial pressure of saturated steam in air (Ps) has the following relationship with water 
temperature: 

Tt
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As a result: 
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According to (12), at the typical temperatures, the relationship of HTO concentration in air (SHCA) 
and in water (ATW) are: 

SHCA20 °C = 1.73 × 10–5 ATW         (13) 
SHCA 30 °C = 3.04 × 10–5 ATW         (14) 
SHCA 40 °C = 5.12 × 10–5 ATW         (15) 
SHCA 50 °C = 8.30 × 10–5 ATW         (16) 

 
The above relationship could be illustrated in Fig1. 
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Fig1.  SHCA via Atw 

 
For a PWR plant, when the purification and residual heat removal system for the reactor pit and 

spent fuel pool is in normal operation, the designed highest water temperature is normally 50oc, the 
practical temperature is normally 30oc. For respiratory intake, the DAC of HTO is 8×105 Bq/m3 . 
According to fig. 1, when the water temperature is 30oc and the HTO concentration (ATW) is 3GBq/m3, 
the SHCA reaches 0.1DAC, when ATW is 8GBq/m3, SHCA reaches 0.3DAC, when ATW is as high as 
28GBq, SHCA reaches 1DAC. 

 
According to equation (12), at different ATW, for example, when ATW=4GBq/m3, the relationship 

between SHCA and water temperature is: 

t
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Fig 2 is the relationship between SHCA and water temperature at different level of ATW. 
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Fig 2.   Relationship between SHCA and water temperature at different level of ATW 
 
From fig 2, the equilibrium HTO concentration in air increase evidently with water temperature, 

when water temperature is 50oc, the SHCA is 2.7 times to that of 30oc, and 4.8 times to that of 20oc. 
when ATW=8GBq/m3, t=20oc, SHCA =1.4×105Bq/m3, t=30oc, SHCA =2.43×105Bq/m3, when 
temperature reach 50 oc, SHCA shall reach 1DAC.  

 
3. The practical radiation risk analysis of HTO 
 
Fig 3 is the practical HTO concentration in air (PHCA) over the reactor pit in the Reactor Building 
(1RX) and over the spent fuel pit in the Fuel Building (1KX) in the 3rd outage of unit 1 of the Daya 
Bay Nuclear Power Plant.  
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Fig 3 . PHCA in the 3rd OUTAGE IF UNIT 1 

 
The X axial is the key date of the outage. Mo is the date of unit shutdown for outage, M1 is the date 
that unit reach cold shutdown, M2 is the date when the pressurizer manhole was opened, M3 is the 
date of unloading, M4 is the date the fuel transfer ended. Between M5 and M6, the reactor pit is empty 
to facilitate maintenance on the primary circuit. M7 is a specific period in the outage for reactor 
building pressure test, M14 is the refueling period , M19 is the end of the outage and the unit reached 
hot shutdown status . 
According to the practical monitoring results of ATW in the outage, the ATW of spent fuel pool was 
around 3GBq/m3, while the reactor pit was around 6GBq/m3. Suppose the water temperature was 
maintained at 30oc, the SHCA in 1KX and 1RX shall be 9.12×104Bq/m3 and 1.82×105Bq/m3, the 
PHCA was around 3KBq/m3 , which is 3.23% and 1.65% of the SHCA. 



Another factor affecting the HTO concentration in air is the ATW. The practical results of 
DaYaBay NPP in the past 8 years demonstrate that the HTO concentration in primary coolant was 
about 50GBq/m3 during power operation, and less than 20GBq/m3 in the outage. As a result, the HTO 
in the spent fuel pool and the refueling water tank shall normally not be more than 20GBq/m3. If HTO 
concentration in air is 50 times lower than its SHCA when ventilation system is in operation, at 30 oC, 
the PHCA shall not reach 1DAC except when the ATW reaches 1.3TBq/m3. 

 
4. Conclusion and proposals to HTO monitoring and protection 
 
1) There is only limited areas existing radiation risk in RWR Nuclear Power Plant, with the practical 

situation that ventilation in operation, low water temperature and lower ATW, the radiation risk of 
HTO is quite low.  

2) For individual protection, no special protection is needed for HTO in PWR plants. 
3) For individual dose monitoring, except the monitoring for selected samples of workers, no routine 

monitoring is needed. 
4) For the area monitoring, except the special monitoring, no routine monitoring is needed. 
5) Maintain normal operation of the ventilation system and the spent fuel pool cooling system is 

needed and effective to limit HTO in air. 
 
Reference documents: 
 
1. Radiation protection to Tritium, Yang huaiyuan, 1996, Nuclear energy publication, Beijing, PRC 
2. The HTO monitoring and risk analysis in Daya Bay Nuclear Power Plant (report not published), Yang 
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Radiation risk analysis of tritium in 
PWR nuclear power plant

1.  Radiation risk of tritium
Tritium is a common radio nuclide in PWR plant existing mainly in 

the manner of HTO.
U-235+n→H-3+X+Y , yearly yielding of 560~740TBq for 1000MW unit, about 

1% enter the primary circuit

Li-6+n→H-3+а

H-2+n→H-3

B-10+n→H-3+2а

The yearly production of the above 3 manor is about 37TBq for a 1000MWunit q
its radiation risk is mainly internal exposure when ingested  :

Absorption from skin. 
Intake from month. 
Intake from inhalation: the main way of HTO ingestion.



Radiation risk analysis of tritium in 
PWR nuclear power plant

In the PWR plant, HTO radiation risk exist in : 
The spent fuel pool (in the Fuel Building): with 
surface of around 106m3. 
Reactor pit and fuel transfer pool (in the Reactor 
Building): with a surface of around 150 m3.
Liquid waste sumps: in isolated rooms with small 
surface. 
The reactor building during power operation

In summary, the radiation risk of Tritium in RWR 
plant is mainly exist in the Fuel Building, and 
the Reactor Building during outage. 



Radiation risk analysis of tritium in 
PWR nuclear power plant

2. Relationship between SHCA and HTO concentration in 
water (ATW)
When water is exposed to air, there shall be a permanent exchange of 
water molecules between Liquid and gas phases, and tend to reach
equalization. The HTO concentration in air （ SHCA ） shall be  
saturated and reach the highest value when the equalization is set up. 
At lower temperature, the property of vapor is similar to theoretical 
gas, as a result, the proportion of HTO in vapor shall be the same as in 
water.
For respiratory intake, the DAC of HTO is 8×105 Bq/m3 . 
According to this principle, the relationship among SHCA , the HTO 
concentration in water  ATW(Bq/m3) and the water temperature could 
be derived:

TW
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Radiation risk analysis of tritium in 
PWR nuclear power plant

For a PWR plant, the designed highest water 
temperature the reactor pit and spent fuel pool is 
normally 50oc, the practical temperature is normally less 
than 30oc. 
At the typical temperatures, there are:

SHCA 30 °C = 3.04 × 10–5 ATW

SHCA 50 °C = 8.30 × 10–5 ATW

when the water temperature is 30oc and the HTO 
concentration (ATW) is 3GBq/m3, the SHCA reaches 
0.1DAC, when ATW is 8GBq/m3, SHCA reaches 0.3DAC, 
when ATW is as high as 28GBq, SHCA reaches 1DAC.



Radiation risk analysis of tritium in 
PWR nuclear power plant
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Radiation risk analysis of tritium in 
PWR nuclear power plant

At different ATW, for example, when 
ATW=4GBq/m3, the relationship between SHCA
and water temperature is:

SHCA increase evidently with water 
temperature, when water temperature is 50oc, 
the SHCA is 2.7 times to that of 30oc. when 
ATW=8GBq/m3, t=30oc, SHCA
=2.43×105Bq/m3, when temperature reach 50
oc, SHCA shall reach 1DAC. 

t
t

SHCA +××= 230
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4 101094.1



Radiation risk analysis of tritium in 
PWR nuclear power plant
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Radiation risk analysis of tritium in 
PWR nuclear power plant

3. The practical radiation risk analysis of HTO
Because of the following reasons, the equalization shall never 
be reached, so the practical HTO concentration in air shall be 
lower than the saturated HTO concentration.

The limited water area exposed to air and the tranquilized surface.
The humidity in air.
The operation of ventilation system

The following practical situations make the HTO radiation risk 
even lower:

Relatively low HTO concentration in water.
Relatively low water temperature (generally lower than30℃)
The risk exists only in limited number of areas.
The limited exposure time to the risk.



Radiation risk analysis of tritium in 
PWR nuclear power plant

Our practical monitoring results of HTO in the air of 
reactor and fuel building are about 3 × 103Bq/m3 in the 
outage periods.
According to our practical monitoring results of ATW, the 
ATW of spent fuel pool was around 3GBq/m3, while the 
reactor pit was around 6GBq/m3. If the water 
temperature is 30oc, the SHCA of the 2 buildings shall be 
9.12×104Bq/m3 and 1.82×105Bq/m3. 
The practical result was around 3.23% and 1.65% of 
the SHCA, about 50 times lower than its SHCA .
In summary, at 30 oC, the practical result shall not reach 
1DAC till the ATW reaches 1.3TBq/m3.



Radiation risk analysis of tritium in 
PWR nuclear power plant
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Radiation risk analysis of tritium in 
PWR nuclear power plant

Our individual urine monitoring results to most of  the 
people worked in the reactor building before ventilation 
started revealed that the dose from HTO exposure are 
lower than 5μSv, the dose from HTO exposure is lower 
than 1μSv by the routine urine sampling for all the 
people monitored.
According to the practical HTO air concentration 

measurement, the total collective dose from HTO 
exposure for an outage is around 1.8mSv, which are 
normally less than 0.5% of the whole collective dose.



Radiation risk analysis of tritium in 
PWR nuclear power plant

4.  Conclusion and proposals to HTO monitoring 
and protection
There is only limited areas existing radiation risk in RWR 
Nuclear Power Plant, with the practical situation of ventilation , 
low water temperature and lower ATW, the radiation risk of 
HTO is quite low. 
For individual protection, no special protection is needed for 
HTO in PWR plants.
For individual dose monitoring, except the monitoring for 
selected samples of workers, no routine monitoring is needed.
For the area monitoring, except the special monitoring, no 
routine monitoring is needed.
Maintain normal operation of the ventilation system and the 
spent fuel pool cooling system is needed and effective to limit 
HTO in air.
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1. ABSTRACT 
 
Operating experience to date of CANDU reactors has indicated that the major contributor to the internal dose of 
professionally exposed workers is the tritiated heavy water (DTO). 
 
CANDU reactors are both moderated and cooled by heavy water (D2O). Tritium is produced in CANDU reactors 
by neutron reactions with deuterium, boron, and lithium and by ternary fission.  
 
Even small leaks from these systems can produce important contaminations with tritiated water vapours of the 
air in the reactor building and thus increased individual and collective internal doses. 
 
Professionally exposed workers are subject to a combination of acute and chronic tritium exposure and HTO 
dosimetry program at Cernavoda NPP is based on multiple sample results. The routine urine bioassay program 
performs the monitoring and dosimetry functions for DTO. A specialized laboratory using Liquid Scintillation 
Spectrometry methods currently determines tritium activities in urine samples. The frequency of biological samples 
submission depends on the tritium concentration in the last sample. 
 
Dose assignments resulting from routinely measured weekly and monthly urinary levels of tritium oxide are based 
on the method of linear interpolation unless it is known that there has been no exposure between samples (vacation). 
All information about these doses is stored into a dedicated electronic database and used to make periodical 
reports and to ensure that the legal and administrative individual and annual limits are not exceeded. 
 
A chronic unprotected exposure to small tritium dose rate (< 50µSv/h) may lead to internal doses that exceed the 
intervention level. In case of acute exposure an increased daily water intake combined with a proper medical 
intervention could reduce the effective half time of tritium 2-3 times. 

 
2. INTRODUCTION 

 
Situated at 180 km east of Bucharest, Cernavoda Nuclear Power Plant is a CANDU 6 type NPP. CANDU 
(CANadian Deuterium Uranium) is a Canadian design power reactor, which employs natural uranium as fuel and 
heavy water as a neutron moderator and as the thermal agent. 
 
The thermal neutron flux in the CANDU reactor, by activation of deuterium, is the major producer of tritium but 
other nuclear reactions could also produce tritium as listed below. 
 

a. Activation reactions 
1)   HnH 3

1
2
1 →+

2)    HeHnLi 4
2

3
1

6
3 +→+

3)  HeHnB 4
2

3
1

10
5 2+→+

b. Ternary Fission 
c. Reconversion of 3He from 3H Decay 
 

Very small amounts of DTO may escape from moderator and heat-transport systems of CANDU reactors during 
maintenance and normal operation. 
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Even small leaks from these systems can produce important contaminations with tritiated water vapors of the air 
in the reactor building and thus increased individual and collective internal doses. That why the ventilation 
systems were carefully designed to control water vapor concentration in radiological areas and special dryers 
remove moisture from the air in order to maintain the tritium doses well below the limits.  
 
Despite the protection measures operating experience to date of CANDU reactors has indicated that the major 
contributor to the internal dose of professionally exposed workers is the tritiated heavy water (DTO) which is 
present chronically at many work locations. 
 
3. TRITIUM CHARACTERISTICS 

 
Exposure to an atmosphere contaminated by tritiated water results in intake of that substance both by inhalation and 
by absorbtion through the intact skin, in a ratio assumed to be 2 to 1. 
 
Vapours of tritiated water are considerred to be of SR-2 absorbtion class that means the tritiated water is 
instantaneously absorbed into body fluids and uniformly distributed among all the soft tissues and is eliminated 
with a nominal half time of 10 days. In addition a very small fraction is incorporated in non - exchangeable form and 
eliminated with a much longer half time. 
 
Tritium (H-3) is a pure beta emitter, with an average energy of beta radiation of 0.0057 MeV. Its presence in the 
body can be detected by measuring the urine samples using the liquid scintillation counting and it presents no 
detection problems. 
 
4. INTERNAL DOSIMETRY FOR DTO 
 
The principal objectives of individual monitoring for intakes of radionuclides are: 

- to obtain an assessment of the committed effective dose; 
- to contribute to the control of operation and the design of the plant; 
- in the case of accidental exposure, to provide valuable information for the initiation and support of 

any appropriate health surveillance and treatment. 
 
Professionally exposed workers are subject to a combination of acute and chronic tritium exposure and DTO 
dosimetry program at Cernavoda NPP is based on multiple sample results. Body DTO concentration is integrated 
over time and multiplied by the dose rate per unit concentration factor as in relation (4.1). 
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iiii ttCCE                                        (4.1) 

where E is the effective dose in mSv. The urine concentrations Ci are given in MBq/L, and the time is expressed in 
days. Tritium doses are registered into personal records with a registration level of 0.17 mSv. 
The committed dose (mSv) associated with a 3H concentration C (MBq/L) in case of an acute intake is computed as 
follows: 

CE ⋅= 84.0)50(                                                              (4.2) 
where the dose factor 0.84 was computed by using tritium physical characteristics, anatomic and metabolic data 
for Reference Man [Popescu, Chitu, 2001]. 

 
4.1 Bioassay for intakes of DTO 
 
Bioassay monitoring for internal dosimetry of DTO is relatively simple involving the sampling of a single void 
urine sample. The method consists of mixing 1 mL of urine sample with 10 mL of scintillation cocktail. (Packard 
ULTIMA GOLD TM ). This mixture is well shacked for 10 minutes to ensure the homogeneity of the sample and 
then measured by the liquid scintillation spectrometer CANBERRA-PACKARD TR/LL – 2550. 
A monthly frequency of bioassay submission is used at Cernavoda NPP for professionally exposed workers who 
are infrequently exposed or exposed to low tritium levels (urine concentration remains below 100 kBq/L).  
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If the urine tritium concentration is greater than 100 kBq/L weekly sampling will be required. 
When concentration exceeds 1 MBq/L, the investigation level, daily sample submission is required. 
 
In case of acute exposures, which significantly exceed chronic levels, the most important error in dosimetry arises 
from the estimation of the time of intake. Therefore special monitoring is required when planned exposures to DTO 
are foreseen, the worker should submit additional samples before and after the task completion. When working 
conditions are unexpectedly changing and could produce abnormal exposures to DTO, all the personnel involved 
will submit additional samples. 
 
Dose assignments resulting from routinely measured weekly and monthly urinary levels of tritium oxide are based 
on the method of linear interpolation unless it is known that there has been no exposure between samples (vacation). 

 
A chronic unprotected exposure to small tritium dose rate (< 50µSv/h) may lead to internal doses that exceed the 
intervention level, as can be seen in Figure 1.  

Chronic exposure
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Figure 1 
 

In case of acute exposure dose-mitigating actions are recommended by the Occupational Medicine Specialist in 
consultation with Dosimetry Program responsible. The primary treatment for reducing internal dose from a tritiated 
water uptake is to accelerate the turnover of body water. This can be done by substantially increasing the fluid 
intake rate of an individual through oral or intravenous means, and/or using diuretics. Cernavoda NPP experience 
intakes indicating that a sustained drinking regime gave a clearance half-time of about 5 – 6 days compared with a 
10 day normal clearance half-time.  

  
Figure 2 illustrates tritium dynamics in urine following unusual DTO incorporation based on daily 
measurements. Tritium clearance was accelerated with diuretics under physicians surveillance, which resulted in 
low tritium effective half-times, 5.4 days. This value is obviously smaller than the mean value of 10 days which 
is conservativelly used in dosimetric calculations. 
 
During the investigation period this worker was not allowed to enter in tritium contaminated areas until the 
tritium concentration in urine had decrease below 1 MBq/L. 
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Acute exposure
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      Figure 2 
 

All information about these doses is stored into a dedicated electronic database and used to make periodical 
reports and to ensure that the legal and administrative individual and annual limits are not exceeded. 

 
 

5. CONCLUSIONS 
 

Tritium is an important contributor to the internal exposure of radiation workers in Cernavoda NPP. Collective dose 
for professionally exposed workers reached a value of 818.28 man mSv in 2003 and internal doses raised from 
1.9% in 1996 to about 40% in 2002. 
 
Table I presents the internal dose distribution by dose interval due to tritium intake between 1999 and 2003. As can 
be seen most of the results were below the Recording Level, the majority of recordable doses were less then 1 mSv. 

 

Year 0.0 >0.0 <1.0 1.0 – 5.0 5.0 – 10.0 10.0 – 15.0 15.0 – 20.0 Over 20.0 

1999 1353 236 23 0 0 0 0 

2000 1399 243 32 0 0 0 0 

2001 1419 327 37 0 0 0 0 

2002 1571 343 57 1 0 0 0 

2003 1580 505 83 0 0 0 0 
 

Table I. Internal dose distribution (mSv) by dose interval 1999 – 2003 
 
The actual levels of internal doses due to tritium exposures reveal the effectiveness of implementation of the 
Radiation Safety Policies and Principles established by the management of the Cernavoda NPP, based on the 
ALARA principles. 
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INTRODUCTION

• Cernavoda Nuclear Power Plant is a 
CANDU 6 type NPP, which employs 
natural uranium as fuel and heavy water 
as neutron moderator and thermal 
agent.

• The thermal neutron flux in the CANDU 
reactor, by activation of deuterium, is 
the major producer of tritium but other 
nuclear reactions could also produce 
tritium.



INTRODUCTION

H

• Activation reactions
–

–

–

• Ternary Fission
• Reconversion of 3He from 3H Decay

HnH 3
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2
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HeHnLi 4
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HeHnB 4
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INTRODUCTION
• DTO may escape from moderator and heat-

transport systems contaminating with DTO 
vapors the air in the reactor building and 
thus increasing internal doses. 

• The ventilation systems were designed to 
control water vapor concentration; special 
dryers remove moisture from the air.

• The major contributor to the internal dose of 
professionally exposed workers is the
tritiated heavy water (DTO) which is present 
at many work locations.



TRITIUM CHARACTERISTICS

• Exposure to an atmosphere contaminated by
tritiated water results in its intake by 
inhalation and by absorbtion through skin, 
in a ratio assumed to be 2 to 1.

• Vapours of  DTO are considered to be of SR-
2 absorbtion class: the tritiated water is 
instantaneously absorbed into body fluids 
and uniformly distributed among all the soft 
tissues and is eliminated with a nominal half 
time of 10 days.



TRITIUM CHARACTERISTICS

• In addition a very small fraction is 
incorporated in non - exchangeable form 
and eliminated with a much longer half time.

• Tritium (H-3) is a pure beta emitter, with an 
average energy of beta radiation of 0.0057
MeV.

• Its presence in the body can be detected by 
measuring the urine samples using the 
liquid scintillation counting and it presents 
no detection problems.



INTERNAL DOSIMETRY FOR DTO

• The main objectives of individual monitoring 
for intakes of radionuclides are:

- to obtain an assessment of the committed 
effective dose;

- to contribute to the control of operation 
and the design of the plant;

- in the case of accidental exposure, to 
provide valuable information for the 
initiation and support of any appropriate 
health surveillance and treatment.



INTERNAL DOSIMETRY FOR DTO

• Professionally exposed workers are subject 
to a combination of acute and chronic 
tritium exposure and DTO dosimetry
program is based on multiple sample 
results. 

• Body DTO concentration is integrated over 
time and multiplied by the dose rate per unit 
concentration factor as in the relation:



INTERNAL DOSIMETRY FOR DTO

• E - the effective dose in mSv,
• Ci - the urine concentrations in MBq/L, 
• ti - the time in days.
• Tritium doses are registered into personal 

records with a recording level of 0.17 mSv.
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INTERNAL DOSIMETRY FOR DTO

• The committed dose (mSv) associated with a 
3H concentration C (MBq/L) is computed as 
follows:

• The dose factor 0.84 was computed by using 
tritium physical characteristics, anatomic 
and metabolic data for Reference Man.

CE ⋅= 84050 .)( CE ⋅= 84050 .)(



Bioassay for intakes of DTO

• Bioassay monitoring for internal dosimetry
of DTO involves the sampling of a single 
void urine sample.

• The method consists of mixing 1 mL of urine 
sample with 10 mL of scintillation cocktail. 

• This mixture is shacked to ensure the 
homogeneity and then measured by the 
liquid scintillation spectrometer.



Bioassay for intakes of DTO

• A monthly frequency of bioassay 
submission is used for professionally 
exposed workers who are infrequently 
exposed or exposed to low tritium levels.

• If the urine tritium concentration is greater 
than 100 kBq/L weekly sampling will be 
required. 

• When concentration exceeds 1 MBq/L, the 
investigation level, daily sample submission 
is required.



Bioassay for intakes of DTO

• Special monitoring is required when planned 
exposures to DTO are foreseen, the worker 
should submit additional samples before 
and after the task completion. 

• When working conditions are unexpectedly 
changing and could produce abnormal 
exposures,  all the personnel involved 
submit additional samples.



Bioassay for intakes of DTO
• A chronic unprotected exposure to small tritium 

dose rate (< 50µSv/h) may lead to internal 
doses that exceed the intervention level:
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Bioassay for intakes of DTO
• In case of acute exposure dose-mitigating 

actions are recommended by the 
Occupational Medicine Specialist in 
consultation with Dosimetry Program 
responsible.

• The primary treatment for reducing internal 
dose from a tritiated water uptake is to 
accelerate the turnover of body water. This 
can be done by substantially increasing the 
fluid intake rate of an individual through 
oral or intravenous means, and/or using 
diuretics. 



Bioassay for intakes of DTO
• Cernavoda NPP experience intakes 

indicating that a sustained drinking regime 
gave a clearance half-time of about 5 – 6 
days compared with a 10 day normal 
clearance half-time. 

• Figure 2 illustrates tritium dynamics in 
urine following unusual DTO incorporation 
based on daily measurements. Tritium 
clearance was accelerated with diuretics 
under physicians surveillance, which 
resulted in low tritium effective half-times, 
5.4 days.



Bioassay for intakes of DTO

• During the investigation period this worker 
was not allowed to enter in tritium 
contaminated areas until the tritium 
concentration in urine had decrease below 1 
MBq/L.
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CONCLUSIONS

• Tritium is an important contributor to the 
internal exposure of radiation workers in
Cernavoda NPP. Collective dose for 
professionally exposed workers reached a 
value of 818.28 man mSv in 2003 and 
internal doses contribution raised from 
1.9% in 1996 to about 40% in 2002.

• Most of the results were below the 
Recording Level, the majority of recordable
doses were less then 1 mSv.



CONCLUSIONS
Year 0.0 >0.0 <1.0 1.0 – 5.0 5.0 – 10.0 10.0 – 15.0 15.0 – 20.0 Over 20.0

1999 1353 236 23 0 0 0 0

2000 1399 243 32 0 0 0 0

2001 1419 327 37 0 0 0 0

2002 1571 343 57 1 0 0 0

2003 1580 505 83 0 0 0 0

• The actual levels of internal doses due to 
tritium exposures reveal the effectiveness 
of implementation of the Radiation Safety 
Policies and Principles, based on the 
ALARA principles.
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Introduction 
 
 Lithuania has few nuclear facilities. There are two non-upgradeable nuclear reactors of RBMK-
1500 series (light water –cooled graphite-moderated channel type reactors, LWGR (RBMK)). Also one 
on-site dry spent nuclear fuel interim storage facility is located at Ignalina NPP1. All these facilities are 
located in the north–eastern part of Lithuania, near the borders with Belarus and Latvia, 160 km distance 
from the capital city Vilnius, on the banks of the lake Druksiai. The first Unit of Ignalina NPP went into 
operation at the end of 1983, the second Unit in August 1987. 
 Lithuania signed a Nuclear Safety Grant Agreement in 1994 stating, inter alia, the commitment of 
the Republic of Lithuania to close both units of the Ignalina NPP at the time of so called “gap closure” 
and therefore not to use the designed technical lifetime of the reactor units by re-channeling the fuel 
channels. 
 The decision to shut down the Unit 1 is already taken by law, and it is planned to stop the Unit 1 
before the 1 January 2005. In November 2002 the Government of Lithuania adopted the decision which 
states that preferred option for the decommissioning of Unit 1 is the immediate dismantling. It means that 
the process of dismantling of the Unit 1 will start right after shutdown of the reactor and the process will 
continue at least for 30 years. From the radiological point of view, this process can be treated as big 
extended outage of the unit with constantly changing working environment that might cause high 
individual and collective doses to the workers. 
 The draft of the Final Decommissioning Plan, as a part of the licensing requirements needed to 
start the decommissioning process, already exists. It has been preliminary estimated by the operator that 
during immediate dismantling of the Unit 1, the total exposure approximately will result in 35  manSv. 
 Due to unique construction, the occupational exposure results for the reactors of RBMK (LWGR) 
type are one of the highest if comparing with reactors of other types. The outages of both units each year 
usually last 2-4 months. The main “contributors” to the annual collective dose are the annual outages of 
the units. Keeping the occupational exposure in accordance with legal requirements, the operator needs to 
establish an effective radiological work management programme during the outage periods, which shall 
serve as a part of the radiation protection programme. 
 Both legal requirements and practical experiences applied at Ignalina NPP related to radiological 
work management aspects influencing dose reduction during outages and radiation protection measures 
planned to be applied during coming decommissioning of both units is discussed in the paper. 

                                                 
1  The heat cycle of the Ignalina NPP reactors is identical to the Boiling Water Reactor (BWR) cycle 
extensively used throughout the world, and is analogous to the cycle of thermal generating stations. However, 
compared to BWRs used in Western power plants, the Ignalina NPP and other plants with the RBMK-type reactors 
have a number of unique features. The Ignalina NPP uses an RBMK - type channelized reactor. This means that 
each nuclear fuel assembly bank is located in a separately cooled fuel channel (pressure tube). There are a total of 
1661 of such channels and the cooling water flow rate must be equally divided among associated feeder pipes. After 
crossing the core, these pipes are brought together to feed the steam-water mixture to separator drums. The nuclear 
fuel assemblies of the Ignalina NPP are changed without shutting down the reactor. This is possible only for channel 
type reactors. It is possible to disconnect one of them at the time from the reactor cooling system, change the fuel 
assembly, and then reconnect the channel. 
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Legislation 
 The main laws and regulations of the Republic of Lithuania establishing radiation protection 
requirements are the Law on Radiation Protection (passed in 1999) [1], the Lithuanian Hygiene Standard 
HN 73:2001 “Basic Standards of Radiation Protection” [2] and HN 87:2002 “Radiation Protection in 
Nuclear Facilities” (hereinafter – HN 87:2002) [3] and other supplementary radiation protection 
legislation. 
 The HN 73:2001 establishes radiation protection requirements for practices, classifies the 
radiation workers, sets the dose limits that are in accordance with EU requirements and international 
recommendations on radiation protection [4, 5]. The effective dose limit for the occupational exposure is 
100 mSv in a consecutive 5 year period, subject to a maximum effective dose of 50 mSv in any single 
year [2]. Annual public dose constraint set for the operation and decommissioning of nuclear facilities, is 
0.2 mSv [3]. 
 The regulatory authority in the field of radiation protection is the Radiation Protection Centre, 
RPC. It co-ordinates the activities of executive and other bodies of public administration and local 
government in the field of radiation protection, exercises state supervision and control of radiation 
protection, including nuclear facilities, performs monitoring and expert examination of public exposure. 
The functions and responsibilities of the Radiation Protection Centre are described in Article 7 of the Law 
on Radiation Protection. 
 
Requirements for Occupational Radiation Protection in Nuclear Facilities – Radiation 
Protection Programme 
 According to the requirements set out in [3], the radiation protection programme shall be 
established at the nuclear power plant. The radiation protection programme addresses following issues: 
• classification of working areas and access control; 
• local rules, measures of supervision of safety at work and order of organization of work; 
• procedures of monitoring of workplaces and individual monitoring of workers; 
• individual protective equipment and procedures for their application; 
• main premises, control systems for assurance of radiation protection; 
• requirements for management of radioactive waste; 
• radiation protection in the case of accidents; 
• application of optimization principle (ALARA) and measures on exposure reduction; 
• programs of health surveillance; 
• compulsory training of workers and their instructions. 

 The radiation protection programme 
implemented at the Ignalina NPP basically conforms 
with the programme given in [6]. In accordance with the 
INPP management procedure “Radiological 
Protection”, QA-2-005, in the frame of the INPP 
Radiation Protection Programme, a set of procedures 
was created. 

Analysis and Evaluation of the Exposure 
Results from Previous Years 

Establishment of List of Works during 
which the Exposure Reduction is 
needed  

Evaluation and Discussion on Optimization 
Measures for Specific Tasks 

Selection and Analysis of Options with 
Respect to Dose Reduction Factors 

Approval of Measures, Allocation of 
Necessary Resources 

Implementation of Measures, 
Cost-Benefit Analysis 
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ALARA Strategy at the Ignalina NPP. ALARA 
Group and ALARA Programme 
 The process for implementing of the ALARA 
procedure at the Ignalina NPP is given in Fig. 1. 
 The implementation of ALARA programme 
started at Ignalina NPP in 1996. The Programme defines 
the procedure for exposure planning, definition and 
implementation of necessary measures and financial 
resources needed for exposure reduction. The 
establishment and implementation of the ALARA 
programme is required by [3]. Since 1998 the ALARA 
Group is established at the plant. The main task of the 
group is to plan the occupational exposure doses and to 
establish necessary recommendations for the dose 
reduction. In order to effectively control the doses of 

Fig. 1. The ALARA procedure 
at the Ignalina NPP 
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personnel, the ALARA Group plans the daily, monthly and annual doses. Planned annual doses with 
doses associated with specific tasks during the outages are established and agreed with the Radiation 
Protection Centre. The effectiveness of the ALARA Programme is monitored by the ALARA Group 
through the whole duration of the work year of the plant. The evolution of actual individual and collective 
doses is compared to the evolution of the predicted values. The results of the radiological protection 
measures implemented during the outages, results of occupational exposure are discussed, and possible 
ways and main areas for improvement of working conditions when performing specific jobs are evaluated 
and discussed in the regular meetings of all workshops, especially after outages. The results of the 
ALARA Programme are addressed in reports generated after outages and sent to the Radiation Protection 
Centre and other regulatory authorities for evaluation. 
 Generally, the ALARA approach addresses the following basic parts described below: 
(a) Work Organization. Types of jobs, during their performance the staff receives high individual doses, 
are described in specific work description list. Mainly there are: works on metal control; repair works of 
the Main Forced Circulation Circuit; works on cutting of SNF rods, rods of additional absorbers; 
decontamination, treatment and removal of radioactive waste. At the end of each year, the INPP 
departments and outside organizations prepare the collective dose plan for each radiological work and 
present and discuss it with the representatives of ALARA Group. The summarized dose plan for coming 
year is prepared by the RP Department and approved by the RPC. Specific jobs are performed by well-
trained teams, whose members have enough experience in performing of complex tasks in the fields with 
high dose rates. 
(b) Training for personnel 
(c) Improvement of working environment 
(d) Perfection of technological processes 
(e) Implementation of quality assurance programme 
(f) Safety culture. Since 1997 the active development of safety culture among staff has begun. Safety 
Culture indicators are used for timely prevention of hidden deficiencies and also in such cases when the 
positive trends towards increase of safety level occur. Six indicators of safety culture used at INPP are 
identified: Indicator 1 - Safety culture seminars; Indicator 2 - Recommendation of Safety Committee; 
Indicator 3 - Deficiencies identified during audits; Indicator 4 - Repeated events; Indicator 5 - Human 
error; Indicator 6 - Proposals on safety improvement. The evaluation of these indicators is carried out 
together with Safety culture assessment. 
(g) Evaluation and avoidance of influence of ,,human factor”. For the evaluation of influence of 
human factor as errors and incorrect operations of personnel, that can cause a unjustified exposure, 
necessary means such аs barriers, locks, preventive signaling systems, posters and signs are used. 
 
Radiological Work Management Approaches and Means of Reducing Exposure during 
Execution of Specific Task during Outages 
 
Work Permits 
 The planning of work to be undertaken in the controlled area where it is possible that levels of 
radiation or contamination may be significant, is an important mean of keeping doses ALARA. This 
approach is taken into account if the tasks within the controlled area necessitate radiological precautions, 
and they are allowed only if work permits are issued. The work permits consist of specific measures to be 
implemented and applied by workers when they carry out the works with high dose rates and in complex 
working environment. 
 Following order for the filling up and approval of the work permit is applied: 

− the health physicist investigates and estimates the radiation conditions within the premises 
(measures the dose rates, estimates the surface, air contamination levels etc.); 

− operational workers prepare the workplaces; 
− if there is possibility for external, internal or air contamination, appropriate protective equipment 

to be used is described and appointed by the work permit; 
− before the beginning of works, in order to perform them as short as possible, the team members 

are instructed how to perform particular jobs, how to optimize particular operations; 
− work permits are issued and approved by the Shift Head of Work Safety Department. 
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 Use of the work permits allows effectively manage radiological works and therefore serves a basis 
for exposure optimization. 
 
Decontamination of Systems 
 Good practice used at Ignalina NPP during the outages giving positively results in reduction of 
the dose rates, is the decontamination of systems. An example of decontamination factors obtained after 
the flush out of the pipes of the main forced circulation circuit during the outage of Unit 2 in 2003 are 
presented in Table 1. 

Table 1 
Gamma dose rate, mSv/h Room No. Before decontamination After decontamination 

Decontamination 
factor 

117/1-7 1-400 0.6-1.2 1.7-330 
409/1 50-400 2-2.3 25-170 
213; 214/1,2; 215 1.5-100 0.2-1.1 7.5-90 
 
Installation of Temporary Radiation Shielding 
 All tasks subject to high dose levels are evaluated for the effectiveness of installing temporary 
radiation shielding. Lead blankets are mostly used. Temporary shielding is installed only in those cases, if 
the results of evaluation show that the averted dose will be higher than received during the installation of 
temporary shielding. Table 2 shows the examples of reduced dose rates after the installation of temporary 
radiation shielding during the repair of pipes Du-300 during the outage of unit 2. 

Table 2 
Gamma dose rate, mSv/h Room No. 

Without radiation shielding With radiation shielding 
506/1,2, near the blind pipes 5.0-2000 5.0-45.0 
208/1, near the joints 6,8 of headers of the 
emergency cooling system 

8.0-400 8.0-70 

 
Training of Personnel 
 A knowledge workforce is one of the fundamental elements in the radiation protection 
programme for the optimization of protection and control of exposure. In addition to the general training, 
on all planned works the advanced training for personnel is organized. The procedure for self-checking 
and self-assessment has been improved owing to regular special training. Everyday, before the 
maintenance works, the conditions for carrying out of each work are discussed with workers during 
operational meetings. 240, 60 and 30 hours training in radiation protection is required before starting the 
work first time, for persons responsible for radiation protection and for workers accordingly. The 
frequency of training is 5 years. Specific ALARA questions are included in personnel training 
programme. In 2002, the educational book on radiation protection was introduced. The draft Lithuanian 
edition of the book is prepared. Training on mock-up of equipment is very intensively applied, which 
allows to obtain experience and to become personally ,,familiar’’ with the work before its execution in 
fields with high dose rates. 
 
Occupational Exposure Results During Outages in 2003 
 The outage of Unit 1 lasted 12/07/03-21/10/03, the outage of Unit 2 – 05/04/03-01/06/03. There 
was also one short unplanned outage of Unit 2 performed – from 1 to 6 of November 2003. As it has been 
planned by the operator at the end of 2002 and approved by the RPC, following activities have mostly 
contributed to the annual collective doses during the annual outages of Unit 1 and Unit 2 in 2003: 
− Replacement of reactor fuel (technological) channels; 
− Maintenance of primary system pipes Du-300 (d=300 mm); 
− Maintenance of primary system pipes Du-800 (d=800 mm); 
− Control of metal; 
− Replacement of spherical valves used for measuring of outlet water flow (SHADR-32M) and 

replacement of removable parts of regulation valves; 
− Repair of pipes of the main circulation circuit, reactor emergency cooling system, blow-off and 

cooling system of the reactor; 
− Insulation works; 
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− Installation of temporary shielding. 
 The radiation works during the normal operation of both units (between the outages) usually 
contributed not more than 20 percent to the annual collective dose. This tendency is observed for a 
several years. 
 The planned collective dose for plant personnel was 7.59 manSv, for contractors – 2.57 manSv, 
actual collective dose was 6.66 manSv and 1.88 manSv respectively (less than 12 % and 27 % 
accordingly than planned). In 2003 the total number of 4458 employees was individually monitored for 
radiation, including contractors and visitors. The average individual dose was 2.25 mSv for plant 
personnel and 1.25 mSv for contractors. 
 There were following achievements gained in radiation protection in 2002-2003 at Ignalina NPP: 
 new whole body counter "ACCUSCAN 2260-G2KG" was putted into operation. In 2003 the 
monitoring of internal exposure was carried out for 2659 workers. There was no overexposure, exceeding 
limits, detected. 

− new system for training of personnel in the field of radiation protection has been introduced. 
With support from Sweden the educational book ,,Radiation Protection” in Russian and Lithuanian is 
issued. Amended programmes for training and checking of knowledge of personnel have been applied. 

− replacement of equipment for measurement of radioactive contamination at the exits from 
controlled area (RZB-04 have been replaced to new RTM-860, PPM-1, PMW-3e); 

− set of dosimetric equipment is renewed (50 items of RAD-62-, 4 items of TELETECTOR, 2 
items of FH 40 G with detector FHT 752). 
 Some of the main measures for optimization of exposure implemented during the outages in 
2002-2003 were as following: 
Replacement of 
fuel 
(technological) 
channels 

Installation and training on mock-up 
Purchase of equipment and putting into operation of non cable connection 
Installation of equipment for removal of filing  
Preparation and implementation of additional equipment for replacement of fuel 
channel 

Maintenance of 
pipes Du-300, 
Du-800 

Training of personnel from Centralized Maintenance Workshop on replacement of 
welded seams on the mock-up 
Purchase of equipment and training of welders on welding of pipes with equipment of 
type VAS 120 
Purchase of equipment for cutting and replacement of parts of pipes Du-800 
Training of personnel on repair technology of pipes Du-300 on the mock-up 
Application of automatic welding for pipes Du-300 

Replacement of spherical valves used for measuring 
of outlet water flow (SHADR-32M) and replacement 
of removable parts of regulation valves 

Training of personnel on repair technology on the 
mock-up 

 
Planned Decommissioning Activities and ALARA Approach 
 
 With reference to in the middle of 2002 amended National Energy Strategy and other related 
legislation, in November 2002 the Government of Lithuania adopted the decision stating that preferred 
option for the decommissioning of Unit 1 is the immediate dismantling. The process of dismantling of the 
Unit 1 will continue at least 30 years. From the radiological point of view this process can be treated as 
big extended outage with constantly changing working environment that might cause high individual and 
collective doses to the workers. 
 The draft of the Final Decommissioning Plan, as a part of the licensing requirements needed to 
start the decommissioning process, already exist. It was preliminary shown by the operator that during 
immediate dismantling of the Unit 1 the total exposure will result in 35 manSv [7]. 
 Therefore, for the operator (Ignalina NPP) it will be important to plan the radiological works well 
in advance before the dismantling of the equipment will start, predict occupational exposure results 
during particular dismantling, decontamination and other operations, as well as to show for the regulatory 
authorities that doses to the workers are kept ALARA. The implementation of the radiation protection and 
ALARA programme during the decommissioning will be a main issue of concern in order to keep the 
occupational doses within the established limits. In case of immediate dismantling, dose commitment to 
staff dedicated to core and primary circuit equipment dismantling is of concern. 
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Preparatory Activities and Interfaces with ALARA Commitment During the Decommissioning 
 The compliance with the ALARA policy objectives for the plant personnel basically relies on 2 
key issues that, actually, are already implemented during the routine operation of INPP: 

– The preparation of the tasks to be carried out in the controlled area with a high level of details, 
and carrying out of mitigation measures; 

– The monitoring of the individual and collective doses during the execution of the tasks and the 
implementation of corrective actions in case of violation of the pre-established ALARA objectives. 
 These key issues will still remain applicable during dismantling works. 
 Keeping the personnel exposure in accordance with ALARA principle during decommissioning 
will require: 

a) Careful engineering, technical, administrative preparations of the activities to be carried out; 
b) The monitoring of their implementation in the controlled area and implementation of corrective 

actions in case of individual and collective dose exceed the ALARA objectives. 
 The preparatory activities involve all the engineering, technical and administrative preparatory 
tasks to be conducted prior to carrying out activities in the controlled area such as: 

a) Authorization of works in the controlled area by work permits; 
b) Establishing the dose maps in the to be accessed areas; 
c) Carrying out computer simulations of the activities to be performed in the controlled area. These 

simulations enable, for example, to evidence specific tasks or sub-tasks that leads to high individual and 
collective exposures; 

d) Assessing, accordingly, the need to implement countermeasures to reduce the background: 
decontamination, installation of temporary shielding, use of remotely operated equipment, additional 
ventilation capacities, additional confinement zones, etc.; 

e) Careful review of the lessons to be learned from previous similar activities already carried out 
either at INPP or at other NPPs and, when relevant, adaptation or optimization of the operation 
procedures; 

f) Definition of dosimetric objectives; 
g) Instructions and training of the operators; 
h) Checklists of the specific tools and equipment (including additional radiation monitoring 

equipment, needed in the controlled area); 
i) Checklists of the equipment to be consigned (isolated). 

 In order to comply with the strategic ALARA objectives, Ignalina NPP is going to implement 
complementary tools in the frame of the decommissioning project, such as e.g. computer software 
(LLWAA DECOM software, VISIPLAN 3D ALARA software etc.). Experience gained in radiological 
works management during the outages in normal operation of the units will be also considered, as it was 
discussed above. 
 
Conclusions 
 1. A set of procedures, forming of the radiation protection program, was created and is effectively 
implemented at INPP. Good radiological work management procedures applied during the outages give 
successful results in reduction of occupational exposure. 
 2. Keeping the personnel exposure in accordance with ALARA principle during the 
decommissioning of Ignalina NPP will require careful engineering, technical, administrative preparations 
of the activities to be carried out. Positive experience gained in optimization of protection during the 
normal operation of the Ignalina NPP will be taken into account. 
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General Information General Information –– IgnalinaIgnalina NPPNPP
Two nonTwo non--upgradeable upgradeable 
nuclear reactors ofnuclear reactors of

RBMKRBMK--1500 (LWGR) series1500 (LWGR) series

Located in northLocated in north--eastern eastern 
part of Lithuania, 160 km part of Lithuania, 160 km 
distance from Vilniusdistance from Vilnius
2 Units 2 Units 
Unit 1: 31 /12/ 1983Unit 1: 31 /12/ 1983
Unit 2: 15 /08/ 1987Unit 2: 15 /08/ 1987

Number of workers ~ 4500Number of workers ~ 4500

• Natural cooler - Lake Druksiai

• Designed thermal output -4200 MW

• Designed electrical output 1500 
MW  (actual - 700-1250 MW)
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Fundamental Parameters of theFundamental Parameters of the
RBMK RBMK –– 1500 Reactor1500 Reactor

Coolant Water (Steam-Water Mixture)

Heat Cycle Configuration Single Circuit
Core Dimensions height  7 m

diameter 11.8 m
Number of Channels fuel  1661

control and shutdown system  235

reflector – cooling  156

Fuel Uranium Dioxide

Initial Fuel Enrichment for 235U, % 2.0 (2.4, 2.6 with Erbium)
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IgnalinaIgnalina NPP NPP –– Unique FeaturesUnique Features

Identical to BWR Type, but:

• Each nuclear assembly bank located in a separately 
cooled fuel channel (pressure tube)

• Nuclear fuel assemblies are changed without 
shutting down the reactor

• For improvement of neutron characteristics, large 
amount of graphite is needed
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IgnalinaIgnalina NPP NPP –– Unique FeaturesUnique Features

Identical to BWR Type, however:

• Occupational exposure results are probably the 
highest if comparing with reactors of other types

• Main ,,contributors” to the annual collective dose are 
the annual outages of the units. 

•Good and effective radiological work management 
programmes during the outages are needed (as a 
part of the radiation protection programme)
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Sources of high dose rates at INPPSources of high dose rates at INPP

• Main sources of ionizing radiation at the INPP 
contributing to high dose rates during outages:

ReactorReactor
Corrosion products in ,,blind” areas Corrosion products in ,,blind” areas 
of the circuit of the circuit 
Radioactive substances in steam Radioactive substances in steam 
and waterand water
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Requirements for Occupational Radiation Requirements for Occupational Radiation 
Protection in Nuclear Facilities Protection in Nuclear Facilities –– Radiation Radiation 
Protection Protection ProgrammeProgramme

The radiation protection programme addresses following issues:

classification of working areas and access control;classification of working areas and access control;
•• local rules, measures of supervision of safety at work local rules, measures of supervision of safety at work 

and order of and order of organiorganizzationation of work;of work;
•• procedures of monitoring of workplaces and individual procedures of monitoring of workplaces and individual 

monitoring of workers;monitoring of workers;
•• individual protective equipment and procedures for their individual protective equipment and procedures for their 

application;application;
•• main premises, control systems for assurance of main premises, control systems for assurance of 

radiation protection;radiation protection;
•• requiremenetsrequiremenets for management of radioactive waste;for management of radioactive waste;
•• radiation protection measures applied during the radiation protection measures applied during the 

accident;accident;
•• application of optimization principle (ALARA) and application of optimization principle (ALARA) and 

measures on exposure reduction;measures on exposure reduction;
•• health surveillance of workers;health surveillance of workers;
•• training of workers and their instructions.training of workers and their instructions.
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WWorks orks mostly contributcontributinging to the annual to the annual 
collective dosecollective dose

Replacement of reactor fuel (technological) channels;
Maintenance of primary system pipes Du-300 (d=300 mm);
Maintenance of primary system pipes Du-800 (d=800 mm);
Control of metal;
Replacement of spherical valves used for measuring of

outlet water flow (SHADR-32M) and replacement of
removable parts of regulation valves;

Repair of pipes of the main circulation circuit, reactor 
emergency cooling system, blow-off and cooling system of
the reactor;

Insulation works;
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Use of a Structured Use of a Structured 
ApproachApproach

Recognition of Problem where Exposure 
Optimization is needed

ALARA PROCEDUREALARA PROCEDURE

Final DecisionFinal Decision
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ALARA ALARA ProgrammeProgramme at the at the IgnalinaIgnalina NPPNPP

ALARA ALARA programmeprogramme::
•• Work organization;Work organization;
•• Training of personnel;Training of personnel;
•• Improvement of working environment;Improvement of working environment;
•• Improvement of technological processes;Improvement of technological processes;
•• Implementation of quality assurance Implementation of quality assurance 

programmeprogramme;;
•• Improvement of safety culture;Improvement of safety culture;
•• Evaluation of influence of ,,human factor”Evaluation of influence of ,,human factor”

• Implemented by ALARA Group
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The ALARA Procedure
Analysis and Evaluation of the Exposure 
Results from Previous Years

26493

Establishment of List of Works during which 
the Exposure Reduction is needed 

Evaluation and Discussion on Optimization 
Measures for Specific Tasks

Selection and Analysis of Options with 
Respect to Dose Reduction Factors

Approval of Measures, Allocation of Necessary 
Resources

Implementation of Measures,
Cost-Benefit Analysis

Evaluation and 
Feedback
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Radiological Work Management Approaches for 
Exposure Reduction during Outages
Work Planning and Organization

• Description of Works

• Dose Planning (dose distribution maps, 
annual ,,dose budget”)

• Description of specific operations

26493
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EXAMPLE OF DOSE MAPS USED FOR DOSE PLANNING AT 
IGNALINA NPP

(DOSE MAP OF LEFT LOOP OF PRIMARY CIRCUIT)

Box 506/1
Between the DS:
1-4.5 mSv/h

Box 506/1
Downcomers, 
horizontal parts:
1.2-2 mSv/h

Box 506/1
Downcomers about 
plugs:
0.8-1 mSv/h

Box 506/1
Drum Separator 
Connection 
(500 cor.): 
1.5 Sv/h

Main Circulation 
Pumps

Box 409/1
Downcomer:
0.3-0.85 mSv/h

Box 409/1 mark 10.0
Pressure pipes:
0.3-0.5 mSv/h

Box 208/1 mark 6.0
ECCS T-joints:
0.7-5 mSv/h
Welded joints to GDH:
2.2-3.6 mSv/h

Box 117/1-7
Service foot-plates:
0.15-0.31 mSv/h
Nearby valves Du800:
0.08-0.13 mSv/h
Drainages of Du800:
0.02-0.14 Sv/h

Box 409/1 mark 10.0
Pipes PH-GDH:
0.5-1 mSv/h

Box 409/1
Connections PH-SH:
0.01-0.05 Sv/h
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Radiological Work Management Approaches for Exposure 
Reduction during Outages

Work Permits
Preliminary measurements of:

• Dose rates

• Surface contamination levels

• Air contamination levels

26493

Preparation of workplaces by operational workers;

Estimation and appointment of individual protective 
equipment;

Instructions to team workers before the beginning of 
works;

Issuance and approval of work permits by the Shift 
Head of WS Department.
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EXAMPLE OF CONTENTS OF THE WORK PERMIT USED AT 
IGNALINA NPP

(PART: RADIATION PROTECTION MEASURES)
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Radiological Work Management Approaches for 
Exposure Reduction during Outages
Decontamination of Systems

Gives very positive results in exposure reductionGives very positive results in exposure reduction (main forced (main forced 
circulation circuit, outage of Unit 2 in 2003)circulation circuit, outage of Unit 2 in 2003)

Room No.
Gamma dose rate, mSv/h Deconta-

mination 
factorBefore 

decontamination
After 

decontamination

117/1-7 1-400 0.6-1.2 1.7-330

409/2 50-400 2-2.3 25-170

213; 214/1,2; 
215

1.5-100 0.2-1.1 75-90
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Radiological Work Management Approaches for 
Exposure Reduction during Outages
Installation of Temporary Radiation Shielding

Led blankets usedLed blankets used
Approach: averted dose should be higher than received Approach: averted dose should be higher than received 

duringduring installation installation 

Room No. Gamma dose rate, mSv/h

Without radiation 
shielding

With radiation 
shielding

Room 506/2, near the 
blind pipes

5.0-2000 5.0-45

Room 208/1, near the the 
joints 6,8 of headers of the 
emergency cooling system

8.0-400 8.0-70
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Radiological Work Management Approaches for 
Exposure Reduction during Outages
Training of Personnel

ALARA questions ALARA questions are are included in personnel training included in personnel training programmesprogrammes

Educational book on radiation protection is introduced since Educational book on radiation protection is introduced since 
20022002 (Russian translation), since 2004 (Lithuanian translation)(Russian translation), since 2004 (Lithuanian translation)

Self Self -- assessment proceduresassessment procedures

Regular training and instructionsRegular training and instructions,, advanced training is performedadvanced training is performed

Training on mockTraining on mock--ups before the ups before the beginning of jobsbeginning of jobs

Positive experience and involvement of individual awareness Positive experience and involvement of individual awareness 
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Occupational Exposure Results during the Outages at 
Ignalina NPP in 2003

Outages:Outages:

Unit 1: Unit 1: 12/07/0312/07/03--21/10/0321/10/03
Unit 2: Unit 2: 05/04/0105/04/01--01/06/03 (unplanned 0101/06/03 (unplanned 01--

06/11/03)06/11/03)
Planned doses: Planned doses: 

7.7.5959 manSvmanSv (plant personnel)(plant personnel)
22..557 7 manSvmanSv (contractors)(contractors)
Actual doses:Actual doses:

66..6666 manSvmanSv (plant personnel)(plant personnel)
1.1.8888 manSvmanSv (contractors)(contractors)
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Main Exposure Optimization Measures implemented 
During Outages in 2002-2003

Replacement of fuel
(technological) 
channels

• Installation and training on mock-up
• Purchase of equipment and putting into operation of non 
cable connection
• Installation of equipment for removal of filing 
• Preparation and implementation of additional equipment 
for replacement of fuel channels

Maintenance of pipes 
Du-300, Du-800

• Training of personnel on replacement of welded seams on 
the mock-up
• Purchase of equipment and training of welders on welding
of pipes with equipment VAS 120
• Purchase of equipment for cutting and replacement of
parts of pipes Du-800
•Training of personnel on repairement technology of pipes 
Du-300 on the mock-up
•Application of automatic welding for pipes Du-300

Replacement of spherical valves 
used for measuring of outlet 
water flow (SHADR-32M) and 
replacement of removable parts of
regulation valves

Training of personnel on repair technology on the 
mock-up
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Achievements in Radiation Protection in 2002-2003

new whole body counter "ACCUSCAN 2260-G2KG " was putted into 
operation (in 2003 – 2659 of personnel was monitored) ;

new system for training of personnel in the field of radiation 
protection has been introduced: educational book ,,Radiation 
Protection” is issued. New programmes for training and checking of 
knowledges of personnel have been applied

replacement of equipment for measurement of radioactive 
contamination at the exits from controlled area (RZB-04 have been 
replaced to RTM-860, PPM-1, PMW-3e)

set of dosimetric equipment is renewed (50 items of RAD-62-, 4 
items of TELETECTOR, 2 items of FH40 G with detector FHT 752).
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Evolution of Occupational Exposure at INPP,
man mSv/Unit, 1984-2003
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Planned Decommissioning Activities and ALARA 
Approach

Nuclear Safety Agreement in 1994 Nuclear Safety Agreement in 1994 -- Closure of the Closure of the IgnalinaIgnalina
NPP at the time of soNPP at the time of so--called ,,gap closure” called ,,gap closure” 

Closure of Unit 1 in 2005, Unit 2 Closure of Unit 1 in 2005, Unit 2 –– probably in 2009probably in 2009
NovNov.. 2002 2002 –– Immediate Dismantling Strategy for Unit 1Immediate Dismantling Strategy for Unit 1
Dismantling will continue at least 30 yearsDismantling will continue at least 30 years
Can be treated as extended outageCan be treated as extended outage
Predicted Predicted total collective dose : ~ 3total collective dose : ~ 355 manSvmanSv
Need for advance preparationNeed for advance preparation, which is already started, which is already started
The draft of the Final Decommissioning Plan The draft of the Final Decommissioning Plan is prepared is prepared 

(appr. 500 pages)(appr. 500 pages)
Radiation Protection Programme is includedRadiation Protection Programme is included
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Interfaces with ALARA Commitment during 
Decommissioning

The compliance with the ALARA policy objectives for The compliance with the ALARA policy objectives for 
the plant personnel basically relies on 2 key issuesthe plant personnel basically relies on 2 key issues::

on on careful engineering, technical, administrative careful engineering, technical, administrative 
preparations of the activities to be carried outpreparations of the activities to be carried out

on mon monitoringonitoring of their implementation in the of their implementation in the 
controlled area and implementation of corrective controlled area and implementation of corrective 
actions in case of individual and collective dose exceed actions in case of individual and collective dose exceed 
the ALARA objectivesthe ALARA objectives
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Interfaces with ALARA Commitment during 
Decommissioning
PREPARATORY ACTIVITIES

Keeping the personnel exposure in accordance with ALARA Keeping the personnel exposure in accordance with ALARA 
principle during decommissioning principle during decommissioning will require:will require:

AAuthorization of works in the controlled area by work permits;uthorization of works in the controlled area by work permits;
Establishing the dose maps in the to be accessed areas;Establishing the dose maps in the to be accessed areas;
Carrying out computer simulations of the activities to be Carrying out computer simulations of the activities to be 

performed in the controlled area.;performed in the controlled area.;
ImplementImplementation ofation of countermeasures to reduce the background: countermeasures to reduce the background: 

decontamination, installation of temporary shielding, use of decontamination, installation of temporary shielding, use of 
remotely operated equipment, additional ventilation capacities, remotely operated equipment, additional ventilation capacities, 
additional confinement zones, etc.;additional confinement zones, etc.;

Careful review of the lessons to be learned from previous similaCareful review of the lessons to be learned from previous similar r 
activities already carried out either at INPP or at other activities already carried out either at INPP or at other NPPsNPPs and, and, 
when relevant, adaptation or optimization of the operation when relevant, adaptation or optimization of the operation 
procedures;procedures;

Checklists of the equipment to be consigned (isolated).Checklists of the equipment to be consigned (isolated).
..............................
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ConclusionsConclusions

A set of procedures, forming of the radiation protection 
program, was created and is effectively implemented at 
INPP. Good radiological work management procedures 
applied during the outages give successful results in 
reduction of occupational exposure.

Keeping the personnel exposure in accordance with ALARA 
principle during the decommissioning of Ignalina NPP will 
require careful engineering, technical, administrative 
preparations of the activities to be carried out. Positive 
experience gained in optimization of protection during the 
normal operation of the Ignalina NPP will be taken into 
account.



2828

AcknowledgementAcknowledgement

I would like to thank the IAEA for the I would like to thank the IAEA for the 
financial support provided for financial support provided for 
participation in this participation in this WorkshopWorkshop



 
 
 

Development of working methods used inside reactor pressure vessel 
at Oskarshamn from the radiation protection point of view 

 
Christer Solstrand 
OKG Aktiebolag 

S-572 38 Oskarshamn, Sweden 
 
 
 
 
 
Introduction 
 
When performing maintenance and repair work in the beginning of 1970´s conventional work tools 
and working methods mostly were used. The focus was on how to protect workers sufficiently in a 
proper way to keep the doses ALARA. 
 
During the last years the focus has turned more towards construction of special work tools in order to 
minimise personnel doses without any special arrangements for radiation shielding. 
 
Three examples will be presented to show that the optimisation of radiation protection can lead to the 
development of work tools and working methods, reducing the doses, time and money. 
 
 
Replacement of the feed water ring at Oskarshamn 1 
 
In 1974 the feed water ring at Oskarshamn 1 was replaced because of cracks found in the material. 
Initially all fuel was removed from the rector pressure vessel to the fuel pond. The water level in the 
RPV was kept 50 cm above the core grid as a radiation shielding. Though the dose rate was too high to 
perform the planned job. Complementary radiation shielding had to be provided in order to be able to 
perform the repair work in an acceptable way from the radiation protection point of view. 
 
Therefore a lead box was constructed and manufactured of lead bricks with a thickness of 10 cm. In 
the lead box there were space for two workers. It was equipped with a window made of lead glass, 
holes for the arms and over pressure ventilation. The lead box was hanging in the reactor hall crane 
and moved up and down in the RPV. Using conventional work tools the feed water ring was cut away 
and four new feed water spargers were welded in place. 
 



 
 
Picture 1: The lead box hanging in the reactor hall crane. 
 
 
 
The work was performed on three shifts and a total of 107 workers were during shorter or longer times 
engaged in the work. Totally 55 workers took part in the work from the lead box. The total collective 
dose for the job was 440 mmanSv of which only 50 mmanSv received in the lead box. The rest of the 
dose was received in the reactor hall. The highest individual dose was 20 mSv and the highest hand 
dose was 34 mSv. 
 
In-service inspections of the bottom nozzles of the RPV at Oskarshamn 1 
 
In 1994 in-service inspections of the bottom nozzles of the RPV at Oskarshamn 1 was performed. In 
order to be able to perform this job using conventional equipment a system deceontamination of the 
RPV was performed. The system decontamination was very successful and the contamination levels 
and the dose rates at the bottom of the RPV were fairly low. The contamination levels varied between 
500 and 10 000 kBq/m2 and the dose rate level was about 0,04 mSv/h. 
 
The workers were wearing only airflow protective suits in order to prevent inhalation of any particles 
and to minimise the spread of contamination. Anyhow the system decontamination cost a lot of money 
and time but the inspections could be performed by conventional equipment. The collective dose for 
the in-service inspection of the bottom nozzles of the RPV was 115 mmanSv. 
 



 
 
Picture 2: Picture of the bottom nozzles of the reactor pressure vessel. 
 
 
Repair of water level measuring nozzles of the RPV at Oskarshamn 2 
 
During the outage period of Oskarshamn 2 in 2003 in-service inspection of the water level measuring 
nozzles (LMN) of the RPV was performed. Several indications were detected. In 8 indications of 
totally 15 LMN:s  cracks were found and measures had to be taken. Because the results were expected 
a repair method had been carried out during the two months before the outage. 
 
The LMN: s are situated on three different levels, 4, 6 and 14 m down from the RPV flange. Repair 
work was performed trough special designed shafts. These were attached to the flange of the RPV and 
went down to the LMN:s and attached to the wall of the RPV by a gasket covering the LMN:s. All 
water was evacuated from the shafts. 
 
The diameter of the shafts was about 50 cm. Special equipments for milling, welding and testing were 
constructed to fit into these shafts. The function was tested on special designed mock-ups. Cameras 
were mounted on the equipment to make it possible to locate, observe and operate the equipment from 
TV-monitors. The equipments were hanging in wires in the shafts and operated electrically and 
pneumatically from the floor of the reactor hall. 
 
The repair work started with milling of the flange of the LMN, after that welding and finally testing. It 
was possible to perform repair work parallel in two separate shafts. 
 



 
 
Picture 3: Picture of the two work shafts attached to the flange of the reactor pressure vessel. 
 
The repair work lasted for 30 days. The dose rates on the working area at the RPV flange varied 
between 0,07 and 0,2 mSv/h. The total collective dose of this job was only 47 mmanSv. 
 
 
Discussion and conclusions 
 
The two first presented jobs are examples on works that have been performed using conventional work 
tools and trying to find radiation protection measures to keep the personnel doses ALARA. Usually 
this means that some kind of radiation protection actions have to be adjusted to the actual situation. 
 
In the third example the focus was on the work tools as well as on the dose reduction. Special 
equipment was constructed to solve the upcoming problem and to reduce the need for personnel 
protection and radiation shielding. The job was performed in a relatively short time and the resulting 
collective dose was low. If conventional work tools had been used, together with radiation shielding or 
decontamination, the collective dose would certainly have been higher. Surely it would also have 
taken longer time and costed more money. 
 
Thanks to the aspects of radiation protection the work tools, for this type of work in the RPV, have 
gone through a development resulting in both lower doses and in saved time and money. 
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Introduction

• In the 1970´s conventional work tools were widely used

• The focus was on how to protect workers

• During the last years the focus has turned towards        
construction of special designed work tools in order to 
minimise personnel doses

• Three examples will be presented to show that the 
optimisation of radiation protection can lead to the 
development of work tools, reduction of doses, time and 
money
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Replacement of feed water ring at Oskarshamn 1
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Replacement of feed water ring at Oskarshamn 1
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In-service inspections of the bottom nozzles
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In-service inspections of the bottom nozzles
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In-service inspections of the bottom nozzles
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In-service inspections of the bottom nozzles
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Repair of water level measuring nozzles
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Repair of water level measuring nozzles
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Repaire of water level measuring nozzles
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Repair of water level measuring nozzles
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Repair of water level measuring nozzles
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Repair of water level measuring nozzles
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Repair of water level measuring nozzles
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Repair of water level measuring nozzles
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Repair of water level measuring nozzles
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Discussion and conclusion

• Job 1 and 2 were performed using conventional 
work tools
•Special radiation protection measures were taken
• In job 3 special equipment was constucted 
reducing the need for radiation shielding
• The job was performed in a short time and the 
collective dose was low.

•Thanks to the aspects of radiation protection the 
worktools have gone through a development 
resulting in lower doses and in saved money and 
time
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Introduction 
 
During the outage 2003 at Forsmark unit 2 it was planned to make a modification to the moist separator (an 
internal part of the reactor vessel), see figure 1. The work was initiated due to extensive cracking found in 
welds, which challenged the mechanical integrity of the moist separator and also loose parts lost in the 
reactor vessel. The cracks had been known for several years but until now no measures were deemed 
necessary. 
 

Problem area

 
Figur 1: The problem area on the upper part of the steam dryer. 

 
 
Description of the problem
 
Just before taking Forsmark unit 2 into operation 1980 it was decided to provide additional plates on top of 
the steam dryer in order to enhance the performance. However, due to operating experience from the Finnish 
site TVO (which has two reactors similar to Forsmark 2), the plates were not installed. The consoles 
supporting the plates were left in place, assuming that it was without risk to leave them as it was. 
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After some years of operation cracks were observed in the weldings connecting the supporting consoles to 
the beams of the steam dryer, see figure 2. 
 

Welding seam

Welding seam 

Steam dryer roof plate 

Fastening 

Fractured areas 

 
Figure 2: Consoles welded on top of steam dryer. 

 
 
Not until the beginning of year 2003 the cracks were judged to be a serious challenge to the mechanical 
integrity of the reactor vessel internals (integrity of the beams) and also the risk of having parts coming loose 
in the reactor vessel was of concern. 
 
The decision was taken to take measures on the above already during the outage year 2003, only six months 
ahead in time. One of the reasons was that the outages during 2004-2005 only are scheduled for 9 days, 
which is to short for this kind of work to be performed. 
 
Measures to be performed were to remove the supporting consoles and to weld an extra beam on to the 
existing, thus ensuring that the cracks and fractures in the original beams would not endanger the integrity of 
the structure. Also there will be no need for future materials inspection of the old beams since their function 
is entirely replaced by the new ones. 
 
Planning of the work 
 
In order to perform the acquired operations it was necessary to expose the upper part of the steam dryer from 
the water pool. 
 
The short planning time, approximately six months imposed some difficulties: 
- Since the work was not known to be performed no dose rate measurements with exposed upper part of the 

steam dryer were performed during the outage year 2002. 
- To short time to develop and implement automatic cutting, grinding and welding machines. 
- Limited time to optimize cutting, grinding and welding methods (based on more or less manual work 

methods) 
 
Of course a critical factor was to determine the dose rate at the working place on top of the steam dryer. This 
had to be done based on measurements performed at the steam dryer of Forsmark 3 and measurements 
performed at Forsmark 2 during other previous work on internals. Also additional shielding calculations 
were performed. Dose rate targets were set to 0,5 mSv/h in general above shielded parts of the working area 
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but higher near the unshielded beams. According to measurements and calculations a radiation shield 
consisting of steel plates forming a working platform were constructed, see figure 3. The steel plates were to 
be supplemented by additional lead blankets over the beams not being worked on. 
 

 Radiation shield: 100 mm steel plate 

New  beam 

 
Figure 3: Steel plate radiation shields. 

 
 
Another problem related to radiation protection was how to minimize the spread of air and surface 
contamination, especially from the cutting and grinding activities. A related problem would be heat load to 
workers if they had to work in heavy protection clothing and within a tent. To put focus on the radiological 
and industrial risks involved a comprehensive risk assessment were performed and distributed to all parties 
involved, including the contractor chosen for the performance of work. In perspective this was a very 
effective way to put these questions on the table and acknowledged by everyone involved. 
 
Early dose predictions showed a total collective dose of 250 mmanSv and with individual doses near 20 mSv 
for several persons. Can this be justified according to the ALARA principle? The immediate answer would 
be no, since enough time had not been given to proper acquire dose rate data based on measurements, 
develop and implement suitable working methods and tools and to optimize the protection measures 
accordingly. There is also an obvious risk that due to dose limitations, and other radiological matters, 
interruption of the work may be necessary, thus leaving the steam dryer in an even worse condition than 
before. 
 
Due to the judgment that continued operation without the fixing of the steam dryer, the work planning was 
continued and the work targeted to be performed as planned during the outage. However, the Forsmark 
Safety Committee, which has to approve all safety related work on the reactors, required that a set of check 
points were established. At this check points continued work should be reviewed and evaluated. The 
evaluation included participation from the Unit Manager and the Radiation Protection Manager. 
 
Check points established were: 
- 1) Factory Acceptance Test verifying the contractors working methods and tools: Check for labor time 

required. 
- 2) Lifting of reactor vessel head: Check for source term accuracy. 
- 3) When the shielding steel plates were in place: Check the actual dose rate compared with targets set up. 
- 4) During work performance: Continuously check collective dose and individual doses. Constraints were 

set at the maximum collective dose of 350 mmanSv and maximum individual dose of 12 mSv. 
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The continued planning, together with the contractor, resulted in the following major improvements 
regarding radiological safety: 
- Cutting the consoles by saw blade operated at slow speed and using a semiautomatic method minimizing 

manual operations. 
- Slow speed grinding method. 
- Choice of speedy welding method (only manual welding was possible), cutting work time for welding 

by 2/3 compared to the initial method proposed. 
- Training and verification performed at a mock-up built for the purpose. 
- Special information given to the workers involved regarding radiological and industrial safety matters for 

this particular work. 
 
The choice of working methods made it possible to perform the work without tents over the work place, but 
extra ventilation and thorough cleaning procedures had to be implemented. 
 
An adjusted dose prediction based on this planning and the verification of work methods and tools (check 
point 1) resulted in a anticipated collective dose of 160-180 mmanSv, with no individual dose in excess of 
12 mSv. 
 
Performance of work 
 
Measurements of source term and dose rates with shielding plates in place (check points 2 & 3) showed dose 
rates on working area in excess of predicted values. General dose rates were in the range of 0,7-0,8 mSv/h 
with values of about 2 mSv/h on working distance from unshielded beams. 
 
New dose predictions based on this data showed that the work could not be performed within the given 
constraint given by check point 4. An alternative to the original plan was worked out resulting in only 
modify 4 of 8 beams during this outage. The 4 “worst” beams were chosen and stress calculations showed 
that the integrity of the structure would be enough to justify continued operation, even if 4 beams were left 
unmodified. 
 
The actual work was performed according to the modified plan without any complications, incidents or 
accidents. Daily meetings were held between contractor’s staff, operational staff and radiation protection 
staff. During these meetings the resulting doses were closely monitored and communicated to everyone 
involved. 
 
The total collective dose resulting was measured to be 165,5 mmanSv and the maximum individual dose 
10,3 mSv (welder). We considered this to be an acceptable output, taking into account the limited time for 
optimization and lack of source term data. The involvement of a highly professional and engaged contractor 
at an early stage greatly promoted the output. But 4 beams still have to be modified in the forthcoming 
2-3 years. 
 
Conclusions and lessons learned 
 
- Work of this kind should not be performed without proper time allocated for the collection of realistic 

measurement data and optimization of working methods, tools and protective measures. At least 
12 months seems appropriate. 

 
- Independent shielding calculations should be performed especially on complex geometries. In this case an 

underestimation of the source term was done, resulting in higher dose rates measured at the working area 
than calculated. 

 
- Making a formal and comprehensive risk assessment will place focus also on these matters and not only 

on the technical engineering work. It also provides an excellent base for communication between all 
involved parties, including contractors. 

 
- Dedicated daily follow-up meetings proved to be of great value in coordinating the work and 

communicate actual dose figures among all involved. 
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- Pre mock-up training and additional dedicated information given to the personal involved proved to be of 

greatest importance. This greatly enhances workers involvement and awareness, besides enhancing the 
quality of work performed. 

 
- Establishing well defined check points, including alternative actions, before actually starting the work 

minimizes the risk of having negative surprises which could lead to loss of outage time and poor quality 
of work. 

 

 
Figure 6: Working area with protective measures implemented 

 

- 5 - 



“ALARA” versus reactor safety concern
- A practical case -

4´th ISOE European Workshop on
Occupational Exposure Management at NPP´s

24-26 March 2004 – Lyon France

Staffan Hennigor & Berndt Ögren
Forsmark NPP Sweden



Europe

Forsmark NPP
3 BWR units (F1 & F2 1980, F3 1985) - Total 3250 MWe

Oskarshamn NPP

Stockholm

Ringhals NPP

Barsebäck NPP

Gothenburg

Sweden Forsmark NPP

4´th ISOE European Workshop on
Occupational Exposure Management at NPP´s

24-26 March 2004 – Lyon France



The case
- Repair work on the steam dryer at Forsmark 2

Problem area

4´th ISOE European Workshop on
Occupational Exposure Management at NPP´s

24-26 March 2004 – Lyon France



The basic problem
- Corrosion!!! 

Welding seam

Welding seam 

Steam dryer roof plate 

Fastening 

Fractured areas

Consoles welded on top of steam dryer 

• Challenge to the mechanical integrity of the steam dryer structure
(more than 40 cracks detected on the 8 beams)

• Risk of loose parts in the reactor vessel 

4´th ISOE European Workshop on
Occupational Exposure Management at NPP´s

24-26 March 2004 – Lyon France



Another problem
- Very short planning time!!! 

• No dose rate measurements with exposed upper part of the steam dryer 
performed during the outage year 2002

• To short time to develop and implement robot techniques

• Limited time for optimizing cutting, grinding and welding methods
(have to be based on more or less manual work methods)

The upper part of the steam dryer above the water – limited shielding

The work to be performed 2003 - next two outages to short (9 days)

4´th ISOE European Workshop on
Occupational Exposure Management at NPP´s

24-26 March 2004 – Lyon France



Work preparation
- Repair method & shielding

 Radiation shield: 100 mm steel plate 

New  beam 

Repair
– Cutting of the beam consoles
– Grinding the top surface of the beams
– Welding of new beams upon the old

Shielding
– 10 cm steel plates, forming a platform 

on top of steam dryer
– Additional lead blankets over the 

beams not being worked on

Target: Dose rate at platform ≈ 0,5 mSv/h

4´th ISOE European Workshop on
Occupational Exposure Management at NPP´s

24-26 March 2004 – Lyon France



ALARA???

• Preliminary dose predictions
– Collective dose 250-400 mmanSv
– Individual doses close to 20mSv for several workers

• Proper optimization not possible
(Work methods, tools & protective measures)
– Lack of time!

• Continued operation without repair
not considered possible
– Due to reactor safety concern

• ALARA check points
1. Verify contractors working methods and tools) Check for work time required
2. After removing reactor vessel head) Check for source term accuracy
3. When the shielding is in place) Check the actual dose rate & compare with target
4. During work) Check collective dose and individual doses.
5. Constraints) Max collective dose = 350 mmanSv & max individual dose = 12 mSv

4´th ISOE European Workshop on
Occupational Exposure Management at NPP´s

24-26 March 2004 – Lyon France



Continued planning
- Improvements

Major improvements:

Cutting the consoles by saw blade operated at slow speed
– Using semiautomatic method (minimizing manual operations)

• Slow speed grinding

• Speedy welding method (only manual welding possible)
– Cutting welding work time by 2/3 compared to the initial plan

• Training & verification performed in mock-up

• Special information regarding radiological & industrial safety matters

Adjusted dose prediction based on planning & verification of work methods:
Collective dose = 160-180 mmanSv

No planned individual dose > 12 mSv

A skilled & interested contractor is 
extremely valuable!

4´th ISOE European Workshop on
Occupational Exposure Management at NPP´s

24-26 March 2004 – Lyon France



Dose rates higher than expected
- Plan B!

Measurements with shielding plates in place showed dose rates in
working areas in excess of predicted values:

– General dose rates in the range of 0,7-0,8 mSv/h
– 2 mSv/h on working distance from unshielded beams
– Work could not be performed within the given constraint of 350 mmanSv

An alternative plan worked out:
– Modification of only 4 out of 8 beams
– The 4 “worst” beams chosen
– Stress calculations verified that the integrity of the structure OK

4´th ISOE European Workshop on
Occupational Exposure Management at NPP´s

24-26 March 2004 – Lyon France



Work performance
- Dose results

• Actual work performed according to 
the modified plan

– without complications, accidents or 
incidents

• Daily meetings between contractor,
operational staff and RP staff

– Actual doses closely monitored and 
communicated to everyone involved

Total collective dose = 165 mmanSv
Max individual dose = 10,3 mSv
Number of workers involved = 83
Number of workers with dose > 5 mSv = 12
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Conclusions
- Lessons learned!

• Allocate proper time for preparation & planning
– At least 12 months seems appropriate

• Perform independent shielding calculations on complex geometries
– Dose rates may easily be underestimated

• Perform a comprehensive risk assessment
– Will place focus also on personal safety
– Excellent base for communication between all involved parties, including contractors

• Have dedicated daily follow-up meetings
– Coordinating the work
– Communication of actual dose figures

• Perform pre mock-up training and dedicated information to personal involved
– Greatly enhances workers involvement and awareness
– Enhancing the quality of work performed.

• Establish well defined check points, including alternative plans
– minimizes the risk for negative surprises, loss of outage time and poor quality of work

4´th ISOE European Workshop on
Occupational Exposure Management at NPP´s

24-26 March 2004 – Lyon France
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Introduction 
 
Work Management Principles utilization in the nuclear industry leads to harmful influence decreasing that 
means decreasing occupational dose exposure. The decrease of occupational dose exposure is often 
reached by means of decreasing the number of workers in the control zone, reducing the working time, 
reducing the amount of error correction work during different stages of operation. At that the objective of 
costs reduction as well as outage time minimization can be reached that  leads to increasing electricity 
production (generation).   
 
ALARA activity is based on following principles: 
 
• Any exposure will be justified if a prospective benefit is higher than a potential risk of exposure;  
  
• Exposure must be held at a  minimal possible level,  in view of all social and economic conditions; 
 
• Exposure must be restricted by limits established by rules and instructions in order to minimize the 

exposure risk. 
 
 
ALARA  Implementation in the National Nuclear Energy Generation Company “EnergoAtom” 
 
Following the above principles the utility organization NNEGC “Energoatom” for 5 years have been 
carrying out systemic work in the field of radiation protection and radiation safety. In 2000-2001 
Radiation Protection groups/ALARA groups were created at all Ukrainian NPPs. Regulations (sets of 
rules, instructions) were issued at each NPP in order to manage radiation-dangerous jobs and manage 
radiation protection in general.  
 
ALARA  groups functions:  
 
• carrying out analysis and work planning with the purpose of achieving the highest possible personnel 
dose reduction  and not exceeding  the individual effective dose exposure of more than 20mSv /year;  

• Putting into practice such organization of labor and method of work performance in “a stringent 
operation condition zone” when exceeding dose limits isn’t practically possible as prescribed by a job 
instructions for these procedures; and when all personnel in a work management link   (head of division –
head of section - foreman- superintendent of work –member of crew) are understanding and realizing 
their personal responsibilities and duties while performing such particular jobs. 

• ALARA Program acceptance and review; 
 
• establishing and  approval  of annual exposure indicators;  
 
• preparation, consideration and approval  of annual and prospective measures to decrease exposure 
and increase radiation protection level; 
 
• consideration  during their meetings of ALARA Program performance, collective dose level and 
decision-making  to improve the  program’s efficiency; 
 
• preparing  information  (data) in order to approve the doses planned for NPPs as a whole for a year, 
for a planned unit outage, for separate divisions,  and if  necessary – for the most dangerous jobs; 
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• analysis of repair documents, job programs, safety aids, maintenance regulation with regards to  
adequacy of radiation protection measures, measures performance control. 
 
• analysis of prospective works during unit outage, radioactive-dangerous jobs specifying, outage 
documentation checking for the purpose of organizational and technical evolutions to ensure not 
exceeding  of the planned dose exposure for these jobs and development of measures for decreasing dose 
exposure; 
 
• analysis of dose exposure for the accounting period ( quarterly, if necessary – monthly) for units, 
divisions, for separate dose-value operations;   After that - development of recommendations for 
decreasing the doses on the basis of the analysis. 
 
• Work planning control performance for a unit outage, integrated operational schedule for one, for 
daily and weekly tasks. At that all outage’ papers must be considered (agreed) with the expert (head) of 
health physics division.  
 
• Participation in the newly performed radiation dangerous jobs.  
 
As a result of the activity carried out and comprehensive approach during the outage’s work planning   
the forecasting based on the previous works analysis of division’s collective dose exposure has been put 
into practice. Division heads were made responsible for workers’ individual doses; the list of the 
organisation measures to decrease the dose input is being made for each planned outage.  
 
 
Individual and collective dose analysis in the NNEGC “EnergoAtom” 
 
During the recent 9 years, the annual collective dose at the Company’s NPPs has had the tendency to 
decrease.  
 

Graph 1. The number of WWER personnel having taken the external dose more than 20 mSv per year                  
during 1995-2003. 
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As we can see from the graph 1 during 2002 and 2003 in the Company no event of exceeding the main 
limit of individual dose of exposure - 20 mSv per year was recorded. 
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Graph 2. The trends of collective dose change and amount of electricity production in NNEGC “ EnergoAtom” 

during 1995-2003 
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As we can see from Graph 2 that under a stable tendency of electricity production increase (due to a load 
capacity factor) by the Company during recent nine years the total value of collective dose of NPP’s 
personnel was steadily decreasing up to 1999 and from this period has  remained at the same level.  So, 
the total collective dose exposure of NPP’s personnel in 2003 was 18,8 man.Sv, that less by 1,2 man.Sv 
in comparison  with 2002. 
 
In Graph 3 outage personnel collective exposure doses are presented and average outage time for one 
unit. 
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Graph 3. Collective exposure dose and duration of outage per unit in NNEGC “EnergoAtom” for a period 

from 1998 to 2003. 

The data analysis shown in the graph 3, indicates  that the curve reflecting the level of outage personnel 
collective dose is identical to the curve of  the total personnel collective dose of the Company for the 
recent years (see graph 2). Beginning with 1999 the level of outage dose was decreasing and for recent 
three years hasn’t essentially changed. In 2003 due to the outage time increase per unit the collective dose 
per unit increase accordingly. Taking into account substantial input of outage doses (70-80%) into the 
total collective dose beginning with 2002,in  NNEGC “Energoatom” outage doses have been planned for 
each unit outage. 
   
 
In 2002 into NNEGC “ Energoatom” completed the  development of the normative document (guide) 
“Methodological Guidelines for the Collective Personnel Exposure Dose Analysis during Planned Outage 
and Equipment  Maintenance Activities at NPPs” with the purpose of  calculation unification of work-
consuming and dose-consuming tasks  for the repair and maintenance works for separate systems and 
separate jobs. Development of this document was based on current experience at NPPs regarding such 
accounting in compliance with international recommendations ( adapted with ISOE).  
 
This document entered into force by orders of both the Ministry of Fuel & Energy of Ukraine and the 
Company. Implementation of the “Methodological Guidelines …” must establish and promote high 
quality comparative analysis on the basis of experience exchange and liven up the work decreasing 
occupational exposure that will finally lead to improving radiation safety at NPPs. 
   
NNEGC Board have created a section as a part of Scientific-Technical Council called “Radiation 
Protection and Radioactive Waste  Management” where the most  important issues for the different ways 
of activity are considered. By the end of 2003 “ Program on Decreasing  of NPP Staff Exposure from 
2004 to 2008” was developed end entered into force in which  organization and technical evolutions at 
each NPP and needed funds for its execution are specified. 
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Currently at each NPP: 
 
• The  “Lists of Radiation -Dangerous Jobs, Operational and Repair Procedures” have been developed; 
 
• Forecasting of collective dose exposure for a unit outage has been implemented; 
 
• Reviewing  of on-going  programs of radiation –dangerous works has started  in concordance with 

“Lists of radiation-dangerous jobs, operational and repair procedures” with purpose to ensure 
radiation protection; 

 
• Engineering groups (or an appointed worker) for performing the analysis and processing the 

information concerning division collective dose changes and major repair activities have been 
organized. 

 
In that way by NNEGC “Energoatom” and its NPPs (on-site) a sufficient range of activities in the field of 
ensuring radiation protection and radiation safety is performed. 
 
 
Problems  
 
However at present several problems which prevent correct practical and organizational Radiation 
Protection aspects implementation are not resolved. The major problems involve creation/review of 
normative – methodological documents of the highest level and bringing the existing documents to 
conformity. 
 
Currently, the same common problems connected with personnel exposure exist for all Ukraine’s NPPs. 
Thus, the lack of modern electronic dosimeters at NPPs leads to additional mistakes during exposure dose 
determination and man-hour determination for separate radiation-dangerous activities. 
 
At present a limited quantity of electronic dosimeters is available at Rivne NPP, not so long ago 300 
MGP dosimeters were received at South-Ukraine NPP, the rest of NAEK “EnergoAtom” NPPs haven’t 
got them in spite the decision taken about their purchase. In general, this is connected with their high cost 
and other financial problems of the Company. 
 
 
Conclusions 
 
Introduction of automatic systems of metal quality examination and control, efficient remote methods of 
decontamination, remote visual control means (television systems) utilization, steam generators and high-
level equipment tightness control systems – these are the main means to reduce the quantity of the 
personnel having doses approaching the permissible and collective doses reduction.  
 
Resolution of these problems will allow NPP radiation protection services respond adequately and in 
proper time to processes of collective occupational dose formation during radiation dangerous activities in 
time of corrective maintenance, outage. Organizational measures directed at exposure reduction isn’t 
enough.  That is why at this stage of ALARA principle introduction the attention should be focused on 
technical aspects of the problem solution. 
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ALARA principle implementation during activities at the Chornobyl state specialized enterprise 
and at the “Shelter”. 
 
As you know, Chornobyl NPP was shut down on December 15, 2000. The Chornobyl state specialized 
enterprise was created on its basis. The activity of this enterprise is directed at Chornobyl NPP 
decommissioning and Shelter Implementation Plan (transformation of the “Shelter” facility into 
ecologically safe system). In order to solve these problems “The Integrated Program of Radioactive 
Waste Management during Chornobyl NPP Decommissioning and Transformation of the “Shelter” 
Facility into Ecologically Safe System” was developed. 
 
The main objectives of this Program are as follows: 
 
• Preventing radioactive waste release into environment at different phases of radioactive waste 

management; 
 
• Minimization of the amount of a radioactive waste arising at Chornobyl NPP and the “Shelter”; 
 
• Arisen radioactive waste reprocessing; 
 
• Personnel exposure dose reduction during radioactive waste management. 
 
 
The Program objectives have to be accomplished by means of: 
 
• ALARA principle implementation at all stages of radioactive waste management; 
 
• All reconstruction and modernization activities analysis in order to minimize radioactive waste 

arising; 
 
• Development and implementation of new radioactive waste reprocessing technological processes; 
 
• Personnel training in technologies of modern radioactive waste management; 
 
• Uniform radioactive waste accounting system development. 
 
 
Optimization principle utilization during the “Shelter Implementation Plan” projects development 
 
Currently the “Shelter” Radiation Protection Program has been developed and is being agreed with the 
regulatory bodies. In the above Program the ALARA principle implementation for ensuring the radiation 
protection level during “Shelter” activities programs development could be shown. 
 
It is necessary to systematize the basic information during “Shelter” activities programs development and 
if needed to perform additional research. As a result the information has to be obtained concerning: 
 
• Radiation sources identification and location. To assess the level of potential exposure it is necessary 
to identify these radiation sources to estimate probable accidents and connected probable potential 
exposure during the pre-design research stage. 
 
• Personnel movement hindrances. The hindrances have to be identified, defined or eliminated. These 
provisions  have to be made during the working schedule and technological maps development. This 
approach envisages not only identification movement routes but measures of their development before the 
beginning of activities. Such activities have to be defined as preparation activities and should allow to 
minimize the doses absorbed by the personnel having access to places where works are performed. 
Besides, places which need shielding have to be defined on the maps. The shielding has to be foreseen 
according to the number of passages, the number of workers passing and prevented exposure dose. 
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• Personnel movement routes. The routes are to be properly defined and illuminated. During instruction 
activities the personnel has to learn properly not only the main routes but accident evacuation routes as 
well. Thus, different movement routes have to be foreseen in the design documentation; the main route as 
well as the additional one. 
 
 
• Radiation situation in the places where works are being performed. Maps of γ - radiation exposure 
dose capacity distribution, α и β- particles surface contamination density and bulk concentration of 
aerosols in the air have to be obtained. 
 
• Work performance zones conditions concerning their illumination, space closure, etc. Information 
connected with meeting the industry safety requirements influences greatly the optimization of the work 
performance process. Taking into account the necessity of preparation activities connected with 
illumination system creation also influences the collective exposure dose during work performance. 
Under normal illumination conditions the personnel will perform the work faster and the exposure dose 
will be smaller. In the work performance plan it is necessary to take such technical decisions concerning 
power supply and illumination system creation so that preparation of their installation in radiation 
dangerous places could take minimum time, and the major works could be performed in the clean zone. 
Space closure also plays an important role in exposure dose optimization. In such areas it is necessary to 
use such technologies, to use such number of people so that rigging and equipment couldn’t hinder work 
performance; the number of people has to be minimized. 
 
 
According to the information obtained it is necessary to perform the analysis of suggested technical 
decisions. The decisions themselves have to foresee several implementation options. Among the 
suggested options, the one which could allow personnel collective dose reduction ought to be chosen.  
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Introduction 
 
Nuclear plant decommissioning presents several challenges in radiation protection.  The plant 
demolition must consider radiation protection for workers, protection of the public, and careful 
material management.  Decommissioning of the San Onofre Nuclear Generating Station (SONGS) 
Unit 1 presented some additional challenges.   
 
SONGS 1 History 
 
SONGS 1 was a first generation Westinghouse 3-loop pressurized water reactor (PWR) originally rated 
at 450 MWe.  The unit operated from January 1968 to November 1992 when it was permanently 
retired from service.  Containment consisted of a 2.5 cm thick steel sphere.  In 1976, a 1 m thick steel-
reinforced concrete Sphere Enclosure Building was constructed around the sphere for post-accident 
radiation shielding.  One of the more unique aspects of SONGS 1 is that it is collocated with SONGS 
Units 2 and 3 that are newer 1100 MWe Combustion Engineering reactors.  They were declared 
commercial in 1983 and 1984 respectively.   
 
The unit was permanently retired after 25 years of service due to financial considerations.  To bring the 
plant up to the more strict safety standards of the more modern nuclear plants, a number of plant 
modifications were still required.  Rather than invest that capital in the plant, the regulators and 
company agreed to shut the unit down.  At the time, it had 15 years left on the operating license.   
 
Once shut down, the US Nuclear Regulatory Commission (USNRC) requires that plants either begin 
immediate dismantlement, known as DECON, or be placed in a condition known as SAFSTOR.  In 
SAFSTOR, fuel is removed from the reactor and systems are retired that are no longer needed to 
maintain safe cooling of the irradiated fuel.  SONGS 1 was placed in SAFSTOR in 1993.  The 
operating license was converted to a Possession-Only License.  Systems were categorized into those 
Required for Operation (RO) such as spent fuel cooling and those Not Required for Operation (NRO).  
The intention was that the unit would remain in a SAFSTOR configuration until the permanent 
retirement of Units 2 and 3, projected for many years in the future.   
 
In the late 1990’s the decision was made to begin active dismantlement of the plant.  Decommissioning 
will result in reduced customer costs through lower fuel storage costs.  The spent fuel will be placed 
into dry cask storage, an Independent Spent Fuel Storage Installation or ISFSI.  At the time, low-level 
radioactive waste (LLRW) disposal costs were also known whereas LLRW disposal in the future was 
uncertain.  Dismantlement could also be accomplished safely using proven technologies.  Moreover, 
there are personnel still working at the site who are familiar with SONGS construction, design, and 
operation.  And finally, there are sufficient funds available in the decommissioning trust.   
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Project Priorities
 
The primary goals of the project included: 

• Protection of the spent fuel throughout the decommissioning process until the US Federal 
Government (Department of Energy) accepted the fuel for disposal 

• Industrial health and safety 
• Disposal of radioactive and hazardous wastes according to the highest standards practical 

to ensure long term public health and safety 
• Compliance with all applicable state and federal requirements; recognition by the public of 

that compliance 
• Perform the work in a reasonable and prudent manner 

 
Major Activities 
 
In addition to the complication of having two large operating units on the same site, the SONGS 1 
decommissioning project was also constrained due to the very small site.  There is little room for 
laydown space for staging equipment, waste containers, rubble, offices, etc.  Very careful planning was 
required for that reason in addition to the normal demolition planning.  Moreover, with little space, 
radiation levels around the work area varied depending on the location of materials being removed.  
These varying levels had to be considered when conducting radioactive contamination surveys of 
nearby materials.   
 
One of the early projects was the separation of Unit 1 from the security area for Units 2 and 3.  Since 
Unit 1 was built first, a number of systems had to be separated from the plant since they supported the 
operation of the two larger units.  These included the meteorological tower, some electrical supplies, 
and fire protection.   
 
The unit was provided with independent monitoring and isolated electrical and water supplies.  This 
allowed the majority of the existing plant to be declared “cold and dark.”  That meant that demolition 
crews could cut into piping and electrical systems without worrying if the systems were still in service.  
Active systems were identified with bright orange paint. 
 
Some of the first buildings demolished included the Emergency Diesel Generator Building (the Diesel 
Generators had been removed and sold) and the Control Building (a new independent Control Room 
was constructed).  The sequence of major building removal was developed to make room for the ISFSI.   
 
License termination would normally take place after complete dismantlement of buildings and 
structures and restoration of the property.  However, that will probably not occur until many years into 
the future simply due to the existence of the ISFSI and the adjacent operating units. 
 
ALARA Program  
 
Decommissioning presents some unique challenges for an ALARA program.  However, the majority of 
the work may be accomplished using existing ALARA program elements.  Therefore at SONGS, the 
ALARA Program is considered “sitewide,” applying to the decommissioning unit as well as the 
operating units.  Those program elements include: 

• Job Planning 
• Dose Controls, Administrative Limits 
• Application of Temporary Shielding if appropriate 
• Pre-job Briefings 
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• Dose Estimates that serve to identify priorities, establish goals and monitor performance 
• Use of mockups and training for specific high-dose jobs 

 
There are some specific issues that are important at a decommissioning plant.  Foremost is the removal 
of the high dose components first.  For SONGS 1 that included several components at the lowest 
elevation of the plant such as Residual Heat Removal equipment and removal of the Regenerative Heat 
Exchanger that presented a high source term in an open area in containment.   
 
Temporary shielding was used when the dose saved exceeded the dose expended to install and remove 
the shielding.  Special instructions were developed for Unit 1 because of the reduced requirements for 
installing heavy lead blankets on components that were no longer going to be needed for plant 
operations.  Greater loading was available and a much simpler approval process was developed. 
 
Airborne contamination becomes very different at plants that have been shutdown for at least several 
years.  The decay of most of the shorter-lived beta/gamma emitting radionuclides leaves an increasing 
contribution from alpha-emitting radionuclides such as the transuranics.  For an air sampling program, 
the reduced contribution of beta/gamma emitters means that more care is required to distinguish 
between naturally occurring alpha-emitters and plant related contamination.  We developed a protocol 
to facilitate prompt identification of airborne contamination with followup counts to distinguish natural 
radioactivity. 
 
Major Projects Completed to Date 
  
The table below presents cumulative radiation exposure in Person-Sieverts.  “HP” indicates radiation 
protection activities that includes job coverage, surveys, waste packaging, etc. 
 
YEAR PROJECT Person-Sv 
1999 Regenerative Heat Exchanger 0.061 
 HP Functions 0.068 
   
2000 Reactor Coolant System Severance 0.158 
 Remove Reactor Head Superstructure 0.058 
 Remove Interferences and System Equip. 0.069 
 Support (scaffolding, temp power) 0.076 
 Health Physics (HP) Functions 0.171 
 Asbestos Abatement 0.095 
   
2001 Large Component Removal Preps 0.136 
 Reactor Vessel Internals (RVI) Segmentation 0.179 
 Large Component Removal and RVI support work 0.114 
 HP Functions 0.149 
   
2002 Large Component Removal 0.358 
 RVI Segmentation 0.049 
 Support work 0.080 
 HP Functions 0.115 
   
2003  Containment Systems Removal 0.215 
 HP Functions 0.060 
 Fuel Transfer 0.033 
 Containment Decontamination 0.029 

- 3 - 



The cumulative radiation exposure for the entire decommissioning project will likely total about 4.5 
person-Sv.  The graph below indicates performance at about half project completion.  Note that the 
annual exposure will continue to decrease as more and more of the sources are removed. 
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Materials Management 
 
One of the larger focuses of the project is the efficient disposal of waste materials.  This includes the 
very careful distinction between what is radioactively contaminated and what is not.  Early in the 
project planning phase, estimates were made for the total quantities of materials including estimates of 
the various low-level waste classifications and the relative amounts of clean materials.  The pie-chart 
below depicts the estimated quantities. 
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Waste Disposal 
 
Radioactive waste shipments to date are shown in the following bar chart.  Note that the dominant 
contribution to the total radioactivity is the reactor pressure vessel and internal components that were 
anticipated for disposal in 2004 (but won’t be).  Also in 2004, a large volume of contaminated rubble 
from inside containment is expected.   
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Large Component Removal 
 
From a radiological perspective, an early goal was to remove the large components – the reactor 
pressure vessel, the three steam generators, and the pressurizer.  A first step in large component 
removal was the segmentation of the reactor internals.  Due to limitations of the total radioactivity 
quantity acceptable by the disposal facility, those internals had to be sectioned so that some parts could 
be placed in the reactor vessel for ultimate disposal and the higher activity parts were removed for 
long-term storage in the ISFSI.  This particular job had the potential for significant radiation exposure 
based on experiences at other plants.   Therefore, considerable effort was expended to ensure best 
practices, use of reliable equipment, and mockup training when appropriate.   
 
The large components were lifted out of the containment sphere after the SEB roof was removed and 
holes were cut into the sphere.  Restrictions were placed on work inside containment during the large 
component lifts to ensure that contamination wasn’t stirred up to present potential airborne releases out 
the openings.  After the large components were removed, covers were placed over the openings to 
prevent rain intrusion and to minimize release paths for contamination. 
 
The three steam generators and the pressurizer were shipped for disposal by rail.  Due to size 

itations, the reactor head was shipped using an oversized truck.  The reactor pressure vessel was 
hin a steel canister.  Low-density grout was placed for stability 

between the vessel and the canister.  Other components that presented 

lim
packaged with some of the internals wit
both inside the vessel and 
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shipping challenges due simply to size and weight included the three reactor coolant pumps.  Once all 
those components were removed along with a few smaller components inside containment, the 
radiation levels to workers were greatly reduced.   
 
CONCLUSIONS 
 
Decommissioning including complete removal of above ground structures can be accomplished safely 
and efficiently.  None of the low-level radioactive waste is unique to decommissioning although 

ansportation of large components can be a significant challenge.  Proven techniques are available to 

aterials.  Careful planning is 
ecessary to determine the most cost-effective means for waste management, whether it includes 

tr
handle Greater than Class C waste (highly activated reactor internals) and spent fuel.   
 
A considerable challenge is the dispositioning of the very large volume of potentially clean material.  
There is a high cost to survey and decontaminate materials.  Moreover, in the US today there are no 
standards for the clearance of potentially contaminated volumetric m
n
decontamination and surveys or simple disposal. 
 
Lastly, existing ALARA programs with some minor modifications provide sufficient worker and 
public protection from radiation. 
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SONGS 1 HistorySONGS 1 History

•• First Generation Westinghouse 3First Generation Westinghouse 3--loop PWR 450 loop PWR 450 
MWeMWe

•• Operated January 1968 Operated January 1968 –– November 1992November 1992
•• Containment Containment 

–– 1” thick steel sphere1” thick steel sphere
–– 3’ steel3’ steel--reinforced concrete Sphere Enclosure Buildingreinforced concrete Sphere Enclosure Building

•• Collocated with SONGS 2 and 3, 1100 Collocated with SONGS 2 and 3, 1100 MWeMWe eacheach
–– CE CE PWRsPWRs, commercial 1983 and 1984, commercial 1983 and 1984
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SONGS 1 DecommissioningSONGS 1 Decommissioning
Strategy/EvolutionStrategy/Evolution
•• After shutdown (11/92), Operating License converted to After shutdown (11/92), Operating License converted to 

Possession Only LicensePossession Only License
•• Systems categorized: Required for Operation (RO) or Systems categorized: Required for Operation (RO) or 

Not Required for Operation (NRO)Not Required for Operation (NRO)
•• Unit placed in SAFSTOR with intention to wait for Unit placed in SAFSTOR with intention to wait for 

SONGS Units 2 & 3SONGS Units 2 & 3
•• Early industry experience demonstrated acceptable Early industry experience demonstrated acceptable 

decommissioning methodsdecommissioning methods
•• 1996 SCE Team investigates Options/Costs/Benefits of 1996 SCE Team investigates Options/Costs/Benefits of 

commencing D&D in near termcommencing D&D in near term
•• 1997 Decision to move forward with SONGS 1 D&D 1997 Decision to move forward with SONGS 1 D&D 

planningplanning
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Basis for Decision to Begin Basis for Decision to Begin 
DecommissioningDecommissioning

•• Reduce customer costsReduce customer costs
–– Lower fuel storage costsLower fuel storage costs
–– Known LLRW burial costsKnown LLRW burial costs

•• Reduce an uncertain customer liabilityReduce an uncertain customer liability
•• Decommissioning can be accomplished safely using Decommissioning can be accomplished safely using 

proven technologiesproven technologies
•• Availability of skilled workforce knowledgeable of SONGS Availability of skilled workforce knowledgeable of SONGS 

Unit 1Unit 1
•• Adequacy of Decommissioning Trust FundAdequacy of Decommissioning Trust Fund
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Project PrioritiesProject Priorities

•• Protection of the spent fuel throughout the Protection of the spent fuel throughout the 
decommissioning period until DOE acceptancedecommissioning period until DOE acceptance

•• Industrial health and safetyIndustrial health and safety
•• Disposal of radioactive and hazardous waste to the Disposal of radioactive and hazardous waste to the 

highest standards practical to ensure long term public highest standards practical to ensure long term public 
health and safetyhealth and safety

•• Insure compliance (and the public perception of Insure compliance (and the public perception of 
compliance) with all state and federal requirementscompliance) with all state and federal requirements

•• Perform work in a reasonable and prudent mannerPerform work in a reasonable and prudent manner
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Major ActivitiesMajor Activities

•• Initial PlanningInitial Planning
•• Separation, Cold and DarkSeparation, Cold and Dark
•• Building DemolitionBuilding Demolition
•• Reactor Internals SegmentationReactor Internals Segmentation
•• Large Component RemovalLarge Component Removal
•• ISFSI Construction, Spent Fuel MonitoringISFSI Construction, Spent Fuel Monitoring
•• License TerminationLicense Termination
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Limited Real EstateLimited Real Estate
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 Diesel Generator Bldg area removal
    

Control Bldg demolition

Reactor Vessel removal
    

Construct ISFSI & transfer all SONGS 1 spent fuel
   

Intake Structure disposition
 

Turbine Bldg & Fndtn demolition
 

Radwaste Bldg & Fndtn demolition  
 

Sphere Enclosure Bldg demolition
  

Containment Sphere demolition

Storm Drain / Sewer removal

Year 2000 - Year 2009

HIGHLIGHTS OF SONGS 1 DECOMMISSIONING ACTIVITIES

2000 2002 2004 20052003
Year Year Year
20072001 20082006 2009

2/4/00

YearYear Year Year YearYear Year
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SONGS 1 ISFSI LocationSONGS 1 ISFSI Location
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Control Building DemolitionControl Building Demolition



12ISOE-Europe 
3/25/04

Control Room Panels, Final ViewControl Room Panels, Final View
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Cutting up the Turbine RotorCutting up the Turbine Rotor
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Reactor Vessel Internals SegmentationReactor Vessel Internals Segmentation
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ALARA Program ElementsALARA Program Elements

•• SitewideSitewide: Applies to Operating Units and U1: Applies to Operating Units and U1
–– Job PlanningJob Planning
–– Dose Controls, Administrative LimitsDose Controls, Administrative Limits
–– Temporary ShieldingTemporary Shielding
–– PrePre--job Briefingsjob Briefings
–– Dose EstimatesDose Estimates

•• GoalGoal--setting and job performancesetting and job performance

–– Mockups and TrainingMockups and Training
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Unit 1 ALARA IssuesUnit 1 ALARA Issues

•• Removed high dose components firstRemoved high dose components first
•• Temporary shieldingTemporary shielding

–– Greater loading than operating units Greater loading than operating units 
–– Simpler approval processSimpler approval process

•• Airborne contaminationAirborne contamination
–– Reduced beta/gamma component, relative Reduced beta/gamma component, relative 

increase in alpha emittersincrease in alpha emitters
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Major Projects and Exposure TotalsMajor Projects and Exposure Totals
Y e a r  P ro je c t     C u m u la t iv e  
     D o s e  (p e r s o n -S v )
      
1 9 9 9  R e g e n e ra t iv e  H e a t E x c h a n g e r   0 .0 6 1
 H P  F u n c t io n s    0 .0 6 8
      
2 0 0 0  R C S  S e v e ra n c e    0 .1 5 8
 R e m o v e  R e a c to r  H e a d  S u p e rs tru c tu re  0 .0 5 8
 R e m o v e  In te r fe re n c e s  a n d  S y s te m  E q u ip . 0 .0 6 9
 S u p p o r t ( s c a f fo ld in g ,  te m p  p o w e r )  0 .0 7 6
 H P  F u n c t io n s    0 .1 7 1
 A s b e s to s  A b a te m e n t   0 .0 9 5
      
2 0 0 1  L a rg e  C o m p o n e n t R e m o v a l P re p s  0 .1 3 6
 R V I S e g m e n ta t io n    0 .1 7 9
 L C R  a n d  R V I s u p p o r t  w o rk   0 .1 1 4
 H P  F u n c t io n s    0 .1 4 9
      
2 0 0 2  L a rg e  C o m p o n e n t R e m o v a l  0 .3 5 8
 R V I S e g m e n ta t io n    0 .0 4 9
 S u p p o r t w o rk    0 .0 8 0
 H P  F u n c t io n s    0 .1 1 5
      
2 0 0 3   C o n ta in m e n t S y s te m s  R e m o v a l  0 .2 1 5
 H P  F u n c t io n s    0 .0 6 0
 F u e l T ra n s fe r    0 .0 3 3
 C o n ta in m e n t D e c o n ta m in a t io n   0 .0 2 9
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Radiation Exposure SummaryRadiation Exposure Summary
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Typical materials for a decommissioning 
project:

Material Disposition
(over 90 million kg total)

Large 
Components

1.2%

Class B/C
0.2%Potentially 

Clean
69.8%

Class A
28.8%
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LLRW Shipments to dateLLRW Shipments to date
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Large Component RemovalLarge Component Removal

•• Reactor Pressure VesselReactor Pressure Vessel
–– Reactor Pressure Vessel HeadReactor Pressure Vessel Head

•• Three Steam GeneratorsThree Steam Generators
•• PressurizerPressurizer

–– S/G and PZR by railS/G and PZR by rail
–– RPV Head by truckRPV Head by truck
–– RPV shipment delayed indefinitelyRPV shipment delayed indefinitely
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RPV RPV 
out of Sphereout of Sphere
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Steam Generator RemovalSteam Generator Removal
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Reactor Vessel Head LiftReactor Vessel Head Lift
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Disposal of Large ComponentsDisposal of Large Components
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• We know what to do with the Class A and Class 
B/C waste.  None of the waste is unique to 
decommissioning.

• We know how to handle GTCC and Spent Fuel, 
and what to do with large components.

• The new issue is dispositioning the very large 
volume of potentially clean material.

• High cost of surveying, decontaminating 
materials

• No standards for the clearance of potentially 
contaminated volumetric materials

• Routine ALARA programs are adequate for 
decommissioning, with minor modifications
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Return to 1964  Return to 1964  -- “Forward to the Past”“Forward to the Past”
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First Time Evolution ALARA Planning & 
Work Execution at Gentilly-2 Power 

Station

4th ISOE EUROPEAN WORKSHOP on
OCCUPATIONAL EXPOSURE

MANAGEMENT AT NPPs
Lyon, France,

24-26 March 2004

Jean-Yves Gagnon
ALARA Coordinator, Hydro-Québec, Gentilly-2 NGS, 

Canada
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Heat Transport System Feeder Leak

• Introduction
• Work Sequence
• Dose Rates & Doses Estimates
• Dosimetry system
• ALARA Techniques 
• Dose Target and Results
• Conclusion
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INTRODUCTION
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WORKING AREA
Reactor Vault and Insulation Cabinet
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WORK SEQUENCEWORK SEQUENCE
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General View of Reactor Face
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WORK AREA
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Beam and Shutdown System 
Instrumentation Lines Removed
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WorkersWorkers in in thethe UpperUpper Feeder AreaFeeder Area
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ZOOM ON WORK AREA
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TOP VIEW OF WORK AREA
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Dose Rates & Doses Estimates

• Gamma field ≈ 19 mSv/h contact on feeder and 8 
mSv/h mean value at working site

• 5 different radiological working conditions

• Initial collective dose estimate :1620 Pers.-mSv
(around 165-200 workers)

• Dose rates drop by ≈ 30% over 2 months
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Dose Evaluation & Tracking
• Admin limit : 6 mSv per shift per worker

• Health physicist approuval to go beyond that
limit

• Multi badging / extremity dosimeters due to 
non-uniform dose rate in upper feeder and
Graylock working area

• Remote monitoring (teledosimeter and
cameras)
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ALARA Tools

• ALARA Plan 

• Shielded Shelter and Cabinet 

• Mockup Training

• Work planning optimization

• Detailed work procedures
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• Shielded Shelter (over Fuelling Machine 
Bridge; seismically qualified)
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• Shielded Cabinet (attached under fuelling
machine bridge)
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• General View of Shielded Cabinet and
Shelter
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Mockup Training

• 4 Different Mockup Stations

Graylock and End Fitting

TableTop Feeder

Feeder (upper section with Shielded
Shelter)

Complete Mockup (Feeder’s upper section 
and Graylock)
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MOCKUP
• Feeders mockup
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MOCKUP
• Complete Mockup
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MOCKUP
• Graylock and End Fitting
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• Working Area as seen from Mockup
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Dose Target and Results
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Conclusion 
• Challenges

– Language barrier (real time)
– Official dose tracking vs Trades limits
– Integration of RP and technical aspects on 

mockup training
– Respiratory protection scheme evolution on a day

to day basis
– Multibadging because of non-uniform dose rate
– 2.5 months ahead schedule to plan the work
– Dedicated resources allocated to the project not 

available for normal outage duties
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• Lessons learned…

– Teledosimetry data stored could be used for major 
reactor refurbishment project

– Dosimetry procedures should be improved for use 
of multibadging strategy

– Multibadging, when applicable, helps in workforce
optimisation (16 pers.-rem savings)

– RP Dose Data System should be improved to 
includes different Trade’s dose limits

– This work should be used as an operating 
experience for similar work in the future
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Questions ?



Recent International Developments on Contamination Limits on Packages 
J.Hesse, RWE Power, Germany;  B.Lorenz, GNS, Germany 

 
 
1. Introduction 
 
In 1998 several events had been reported in the German media on non-compliance with the contamination 
limits for transport of spent fuel to and from the reprocessing facilities in France and the UK. The reporting 
developed to a tremendous media campaign and led to a transport stop announced by the authorities in sev-
eral European countries. E.g. in Germany the transport of spent fuel from power reactors was interrupted for 
about 3 years. 
In the meantime a lot of efforts were taken by the industry and the authorities to overcome the situation and 
to agree on a new concept of contamination prevention and control. Today it can be stated, that these meas-
ures have proven to be effective and no non-compliance with the contamination limits have been observed 
for spent fuel transports. 
It soon became evident that none of the reported contamination findings led to any remarkable dose to mem-
bers of the public or to any radiation worker involved in the transports. So from the very beginning of that 
discussion many parties involved in the affair were convinced that the existing system of contamination lim-
its in the transport regulations was no longer up-to-date and needed modernisation. 
A number of proposals were made by different countries and on behalf of the nuclear industry by the WNTI 
World Nuclear Transport Institute. Finally, the IAEA launched a Co-ordinated Research Project (CRP) on 
the Radiological Aspects of Package and Conveyance Non-Fixed Contamination to deal with all items of 
concern. 
One of the major tasks of the CRP, which lasted from 2001 till 2003, was to develop a new model for con-
tamination limits for the transport of radioactive material and associated equipment. WNTI was one of the 7 
participating parties, including also France, Germany, Japan, Sweden, UK and USA. The WNTI working 
group was formed basically by the German organisation VGB, which comprises all German nuclear power 
plants.  
This WNTI working group has created a model on its own as input to the CRP. In several special meetings 
with the other groups it was developed to an international radiological model, and was then adopted by the 
whole CRP group.  
In the following we will describe the radiological model proposed to calculate doses from non-fixed (remov-
able) surface contamination during transport of radioactive material and the results of the model calculations. 
Taking into account these results and also the efforts necessary for decontamination and contamination con-
trol we finally will discuss, wether the actual contamination limits are still appropriate. 
 
2. Fairbairne Model 
 
The starting point of the considerations was the analysis of the Fairbairn model, which up to now has served 
as the basis for the current surface contamination values for transport. The results of this old model, de-
scribed in a paper of 1961, have since then been in use (having undergone the only change in the transition 
from Curie to Becquerel as the new unit for radioactivity, rounding up from 3.7 to 4).  
The Fairbairn model is based on a single exposure situation involving 
• “most hazardous radioisotopes in common use”: Pu 239, Ra 226, Sr 90. 
• “very dusty operations” with a resuspension factor of 4⋅10-5 m-1  
• 2000 hours per year working in that “dusty” atmosphere 
• taking into account skin contamination and inhalation only 
• 50 mSv/a as basis for deriving the contamination limits 
• no considerations of the doses of members of the public 
This approach does not take into account the very large differences in the radiological properties of radionu-
clides and is not appropriate for the real transport situations nowadays. So the Fairbairn model can be judged 
as very conservative. On the flipside it derives the contamination limits from the basic individual dose limit 
of workers, what probably would no longer be accepted nowadays. 
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3. New Model 
 
After an analysis of the Fairbairne model the WNTI/VGB group decided to built up a new model taking into 
account 
• radionuclid specific data of all radionuclides 
• different kinds of packages 
• the single steps during a transport (time of steps, distance between worker and package etc.) 
• differentiation between indoor and outdoor operations 
• all possible exposure pathways 
• the exposure of workers and members of the public as well 
 
3.1 Types of packages 
 
As a reasonable compromise between all existing packages and the objective of the model to be representa-
tive for any type of packages, we chose four different package types as representatives: Small manually han-
dled packages, small remotely handled packages (200l drum), large remotely handled packages (20’ con-
tainer), and fuel flasks. An overview is given in the following table 

Table 1: Overview of package types 

Package / container type Dimensions total volume total surface area
SM: small manual (parcel) 0.3 x 0.3 x 0.3 m³ 0.03 m³ 0.5 m² 
SR: small remote (200 l drum) height 0.9 m, diameter 0.6 m 0.25 m³ 2.3 m² 
LR: large remote (20’ container) 5.9 x 2.4 x 2.4 m³ 34 m³ 68 m² 
FF: fuel flask (with fins) length 6 m, diameter 2.5 m 29 m³ 130 m² (incl. fins) 

 
3.2 Steps during transport 
 
The basic modelling principle was the assumption that any transport can be defined as a sequence of steps 
and several actions (sub-steps) during these steps. Table 2 gives an overview of the main steps, the actions 
they consists of and the groups of persons who might be possibly exposed. 
 
The transport process which is modelled here covers the period from the final inspection of the package be-
fore detachment up to the receiving inspection and transfer to the final destination place. The starting point 
of the model is within a nuclear facility. It was thought to be adequate to start at that moment, when a pack-
age is decided to become a package for transport. There might be several processes in a nuclear facility, 
where radioactive material is handled and will remain within the facility. All these processes are under the 
supervision of the radiation protection regime for the facility, basically governed by the principles of the 
IAEA Basic Safety Standards and the corresponding national regulations, probably ruled by a license. It is 
therefore not necessary to cover these actions by the transport model. Thus the model does not cover any 
preparatory steps like e.g. decontamination of the package or container to the contamination limits 
 
The endpoint of the model. is the receiving inspection and the end control of the transport equipment, espe-
cially the vehicle. It does not cover the opening of the package and removal of the radioactive contents as 
this will be the beginning of a new action within the framework of the site/facility license. 
 



Table 2 Steps relevant for the transport model, persons involved 

 

   Workers 

Main Step Action  Persons 
involved 

SM SR LR FF 

1.1 Visual inspection A A A A 
1.2 Dose rate meas. A A A A 
1.3 Contamination measurement (final meas.) A A A A 

1. Final Inspection of 
Package 

1.4 Labelling of package 

Personnel 

A A A A 
2.1 Transfer from site to conveyance C BC BC B 
2.2 Fastening, loading, lifting and fixing C BC BC B 
2.3 Dose rate meas. at conveyance AC AC A A 
2.4 Contamination meas. of conveyance  AC AC A A 

2. Loading onto convey-
ance 

2.5 Placarding of conveyance 

Personnel 

AC AC A A 
3.1 Movement (with packages) C C C C 
3.2 Unforeseen interruptions  

Personnel 

C C C C 
3.1a Movement, public, road/rail no no no no 
3.1b Movement, public, air no no no no 
3.1c Movement, public, sea no no no no 

3. Movement phase 

3.3 Regular stops 

Public 

no no no no 
4.1 Unloading (incl. sub-steps) from conv. #1      
4.1.1 dose rate & contam. meas. no F H H 
4.1.2 unfixing, fastening, lifting F F FG FG 
4.2 Loading (incl. sub-steps) on conv. #2     
4.2.1 transfer, loading, fixing F F FG FG 
4.2.2 dose rate meas. at conveyance F F H H 
4.2.3 contamination meas. of coveyance  F F H H 
4.2.4 placarding of conveyance 

Personnel, 
Public 

F F F F 

4. Transfers during trans-
port 

4.3 Regular stops Public no no no no 
5.1 Visual inspection of load T T T T 
5.2 Dose rate meas. conveyance no no no T 
5.3 Unfixing, fastening, lifting, unloading C CU CU U 
5.4 Transfer from conveyance to consignee C CU CU U 
5.5 Dose rate measurement package T T T T 
5.6 Contamination meas. package no T T T 

5. Receiving inspection 
and unloading 

5.7 Contamination meas. empty conveyance 

Personnel 

no no T T 

3.3 Workers assigned to the actions 
 
The model also takes into account that the different steps of a transport are done by different workers. That is 
shown in table 2, too, as follows: 
Workers A and B are involved in the package preparation and the transfer to the conveyance. In the case of 
small manually handled packages it is assumed that there is no special transfer worker B. Worker C is the 
driver. Workers F, G, H are working at the transfer site, T and U at the consignee’s premises. Multiple letters 
per box indicate that the step may be carried out by either of the persons. 
That gives a general idea of what each worker group is meant to consist of. There might be deviations from 
the actual working conditions, but the model is still realistic and also sufficiently conservative, which re-
quires slight overestimation rather than underestimation of working time and tasks per person. 



 
3.4 Annual exposure time 
 
For all steps the annual time of exposure was modelled by multiplying the time of the single step by the 
number of such steps a person might do per year as shown in the following table. 

Table 3: Parameters concerning shipments and annual working time 

  Parameter value for: 
Parameter unit SM SR LR FF 

number of days per year d/a 250 250 250 250 
working hours per day h/d 8 8 8 8 
annual working time h/a 2000 2000 2000 2000 
cut-off annual working time [-] 75% 75% 75% 75% 
number of loads handled per day 1/d 2* 1* 1 1 0.5 
packages per conveyance [-] 25* 100* 42 (25)** 1 1 
packages per year 1/a 25,000 6,250 250 125 
geometry of packages on conveyance  2 layers of 15/10 

packages 
2 layers of 3x7 

drums 
1 container 1 fuel flask 

*) either 1 load of 100 packages or 2 loads of 25 packages per day – differences in the type of conveyance are assumed
**) It is assumed that a load consists of 42 packages of which 25 are handled by a single worker  
 
The next table shows as an example the assumed time and some other parameter details for the step “visual 
inspection”. 

Table 4 Parameters for the substep “visual inspection” 
1.1 Visual inspection SM SR LR FF
exposure time per package texp,s min 0,5 1 5 10
exposure time per year texp,total h/a 208 175 21 21
persons involved A A A A
distance to package lextirr m 1 1 1
number of packages 1 1 1 1
exposure geometry 24 14 20 20
resuspension rate fresus 1/h 1,00E-04 1,00E-04 1,00E-04 1,00E-04
act. conc. air (room) 1 Bq/cm², 1 package Aair,room Bq/m³ 1,08E-03 4,52E-03 1,70E-02 3,25E-02

1

 
 
3.5 Exposure Pathways 
 
The following exposure pathways pertaining to non-fixed surface contamination on packages are included in 
the model: 
• external irradiation from the removable surface contamination (not by the contents of the package); 
• inhalation of radioactive aerosols re-suspended from the contaminated surface; 
• ingestion of radioactivity via a hand-to-mouth pathway, i.e. the hand touches the radioactively contami-

nated surface and subsequently gets into contact with the mouth; 
• skin contamination resulting from direct skin contact with the contaminated surface. 
 
In addition, there are other pathways which, however, may give rise only to insignificant dose contributions. 
They have been considered for a number of scenarios especially in connection with a potential dose to mem-
bers of the public but have been disregarded for further inclusion in the model. Examples of such insignifi-
cant pathways are: 
• ingestion of foodstuff grown in the vicinity of a transport path 
• external radiation or other dose paths from fall-out or wash-out of radioactivity from contaminated pack-

ages 
• secondary resuspended activity from deposited surface contamination 



• contamination build-up by frequent and continued use of places/ways for transport or temporary storage 
of packages 

• secondary contamination of passenger areas through ventilation connections with freight areas contain-
ing packages with radioactive materials. 

 
For the sake of time we cannot show all the parameters of the model here. Parameters had to be chosen also 
for all the different exposure pathways, e.g. for the volume of a room with packages, for the detailed geome-
try to calculate the exposure by direct radiation in all different cases, the dose coefficients, etc. 
All parameters were discussed several times. However, in the CRP consensus between all groups could be 
found concernig all parameters of the model. 
 
3.6 Calculations and results 
 
Calculation were made nuclide specifically by assuming a contamination of 1 Bq/cm² on the entire surface of 
every package. Results were calculated in Sv/(Bq/cm²) for every single step and every single involved per-
son. For an easier comparison with the existing contamination limit we calculated in a second step the con-
tamination leading to a dose of 2 mSv/a for the most exposed worker and the contamination leading to a dose 
of 0.3 mSv/a for a member of the public. A part of the results are shown in table 5. The complete table of all 
radionuclides can be seen in the annex. 
 

Table 5 Final results (part of the complete table) for surface contamination levels in 
Bq/cm², which correspond to a dose constraint of 2 mSv/a for workers and of 
0.3 mSv/a for members of the public 

Derived Level Workers [Bq/cm²] Derived Level Public [Bq/cm²]
Nuclide W-SM W-SR W-LR W-FF P-SM P-SR P-LR P-FF Overall Min.  

Cm-248  0,1  1,6  2,1  1,7   31   6   68   46  0,1
Co-55   135   134   305   407 1,8E+5 1,9E+4 4,0E+3 7,6E+3   134
Co-56   81   80   185   249 9,7E+4 1,1E+4 2,3E+3 4,5E+3   80
Co-57 2,3E+3 2,2E+3 4,9E+3 6,4E+3 2,3E+6 2,8E+5 6,8E+4 1,3E+5 2,2E
Co-58   270   268   621   834 3,2E+5 3,6E+4 7,9E+3 1,5E+4   268

Co-58m 1,2E+5 1,3E+5 1,3E+5 1,3E+5 3,5E+8 7,1E+7 3,1E+8 3,5E+8 1,2E+5
Co-60   109   108   245   323 1,1E+5 1,3E+4 3,2E+3 6,1E+3   108
Cr-51 8,2E+3 8,2E+3 1,8E+4 2,4E+4 1,0E+7 1,1E+6 2,4E+5 4,7E+5 8,2E

Cs-129   893   886 2,1E+3 2,8E+3 1,2E+6 1,2E+5 2,6E+4 4,9E+4   886
Cs-131 7,7E+3 7,7E+3 1,7E+4 2,2E+4 1,0E+7 1,1E+6 2,4E+5 4,6E+5 7,7E+3
Cs-132   362   359   836 1,1E+3 4,7E+5 5,0E+4 1,0E+4 2,0E+4   359
Cs-134   129   128   227   266 1,7E+5 2,0E+4 4,9E+3 9,3E+3   128

Cs-134m 6,4E+3 6,4E+3 1,1E+4 1,2E+4 1,2E+7 1,2E+6 2,6E+5 5,0E+5 6,4E
Cs-135 4,0E+3 4,6E+3 4,6E+3 4,6E+3 6,7E+6 1,4E+6 1,5E+7 1,0E+7 4,0E+3
Cs-136   122   121   274   363 1,6E+5 1,7E+4 3,6E+3 6,9E+3   121
Cs-137   284   283   439   487 3,8E+5 5,0E+4 1,3E+4 2,5E+4   283
Cu-64 1,3E+3 1,3E+3 2,8E+3 3,6E+3 1,8E+6 1,9E+5 4,0E+4 7,6E+4 1,3E

+3

+3

+3

+3
C 67 1 5E 3 1 5E 3 2 4E 3 2 7E 3 2 3E 6 2 9E 5 7 0E 4 1 3E 5 1 5E 3  

 
4. Discussion and conclusions 
 
The model calculations have been internationally harmonized within the IAEA CRP for all necessary pa-
rameters. The CRP failed however to agree finally about the mode of deriving a contamination limit or level. 
The discussion on this subject was rather divers and no consensus could be achieved. 

However, it is essential for radio protection to find and 
establish an adequate level of contamination. It has to 
be taken into account that too low contamination limits 
can have an effect converse to the wished effect of 
protection. 

Optimization

contamination limit

do
se dose due to contamination

dose due to decontamination

optimum

The lower the contamination limits are the higher ef-
forts of decontamination and measurements are needed 
to ensure compliance with the limits. This work has to 
be done in the radiation field produced by the contents 
of the packages. So it results in a higher dose of the 
workers. This situation is shown in Fig. 1. The dose 



due to the contamination competes with the dose due to decontamination. If the legal contamination limit is 
higher than the optimum, it is possible to reach the optimum by putting a lower “internal” limit. However, if 
the legal contamination limit is lower than this optimum, it is impossible to reach the optimum. This is the 
situation we have to get along with today 
 
The following tables show for the two radionuclides Co-60 and Cs-137, which most times dominate the con-
tamination from a NPP , the doses corresponding with the actual contamination limit of 4 Bq/cm². 

Table 6    Annual effective dose of the most exposed workers due to a contamination of 4 Bq/cm² 

 Small manual Small remote Large remote Fuel Flask 
Co-60 73 µSv/a 74 µSv/a 33 µSv/a 25 µSv/a 
Cs-137 28 µSv/a 28 µSv/a 18 µSv/a 16 µSv/a 

Table 7    Annual effective dose of a member of the public due to a contamination of 4 Bq/cm² 

 Small manual Small remote Large remote Fuel flask 
Co-60 0,011 µSv/a 0,092 µSv/a 0,375 µSv/a 0,197. µSv/a 
Cs-137 0,003 µSv/a 0,024 µSv/a 0,092 µSv/a 0,048 µSv/a 
 
These doses are calculated still with the very conservative assumption that the complete surface of every 
package is contaminated up to the actual contamination limit of 4 Bq/cm², which means a factor of conser-
vaty in the order of 10 or even 100. In the case of fuel flaskes these values are based on the assumption that 
one worker handles 125 flasks per year. So the dose per flask is only 0,2 µSv/flask (Co-60), respectively 0,1 
µSv/flask (Cs-137). These calculated potential doses should be compared with the real doses workers get to 
reach sure compliance with the contamination limits. Referring to a paper of J.P Degrange et. al from the last 
European ISOE workshop in 2002, the operations of prevention, elimination and monitoring of the surface 
contamination of the irradiated fuel casks before shipment contribute significantly with about 42% to the 
collective dose of the involved workers. In total they estimated as sum for all French NPPs a dose of 1,3 
manSv per year for these steps before the actual shipment. From German NPPs we know that some workers 
get doses in the order of 1mSv due to the decontamination and monitoring of one single cask. 
 
Additionally the calculations show that the dose per unity surface activity (Sv/a per Bq/cm²) strongly de-
pends on the radionuclide. The calculated values reach over about seven orders of magnitude. This is due to 
the fact that the different radiological importance of the different radionuclides directly influences the calcu-
lation. Today only one order of magnitude is reflecting the differences between radionuclides. The actual 
limitation by only two values (0.4 Bq/cm² for alpha emitters and 4 Bq/cm² for the other nuclides) does not 
approximately reflect the radiological importance of the different radionuclides adequately. 
 
When setting contamination limits there are of course also other aspects to be taken into account as: 
• A reached level of cleanliness should not be given up without reason. 
• The dose due to contamination should be only a part of the dose for the whole process. 
• The contamination limits for transports should be in compliance with the contamination limits in the 

receiving facilities 
• New contamination limits must be justifiable also in a political debate with the public 
 
Even taking into account these additional conditions it seems to be appropriate to put the contamination lim-
its on the basis of the described new international model of the IAEA CRP. It is much more realistic than the 
Fairbairne model of 1961 and still rather conservative. This would mean to substitute the actual limits by 
radionuclidspecific ones and to consider an appropriate constraint, e.g. 2 mSv/a for workers, for the deriva-
tion of these limits. 
 



 
Annex 

Final results for surface contamination levels in Bq/cm² which correspond to a dose constraint of 
2 mSv/a for workers and of 0.3 mSv/a for members of the public 

 
Derived Level Workers [Bq/cm²] Derived Level Public [Bq/cm²]

Nuclide W-SM W-SR W-LR W-FF P-SM P-SR P-LR P-FF Overall Min.  
Ac-225   21   158   190   171 5,1E+3 1,0E+3 8,9E+3 7,0E+3   21
Ac-227  0,036  0,4  0,6  0,5   8  1,7   18   12  0,036
Ac-228   204   223   400   454 1,3E+5 2,0E+4 8,4E+3 1,6E+4   204
Ag-105   405   402   750   901 6,0E+5 6,6E+4 1,4E+4 2,8E+4   402

Ag-108m   149   155   354   447 7,9E+4 1,2E+4 4,6E+3 8,5E+3   149
Ag-110m   97   97   223   296 9,8E+4 1,2E+4 2,9E+3 5,4E+3   97
Ag-111 2,4E+3 2,8E+3 3,4E+3 3,4E+3 2,3E+6 4,0E+5 2,8E+5 4,9E+5 2,4E+3
Al-26   102   102   225   290 8,9E+4 1,1E+4 3,1E+3 5,9E+3   102

Am-241  0,5   6   8   6   111   23   244   165  0,5
Am-242m  0,6   6   8   7   126   26   277   187  0,6
Am-243  0,5   6   8   6   113   23   249   169  0,5
As-72   143   142   312   408 1,9E+5 2,1E+4 4,3E+3 8,3E+3   142
As-73 8,8E+3 1,3E+4 1,6E+4 1,7E+4 4,3E+6 8,2E+5 1,1E+6 1,8E+6 8,8E+3
As-74   320   318   691   891 3,8E+5 4,3E+4 9,8E+3 1,9E+4   318
As-76   490   488   887 1,1E+3 7,3E+5 8,2E+4 1,8E+4 3,5E+4   488
As-77 5,7E+3 6,1E+3 6,9E+3 7,0E+3 9,3E+6 1,6E+6 8,7E+5 1,6E+6 5,7E+3
At-211   162   611   661   636 4,2E+4 8,5E+3 6,3E+4 5,4E+4   162
Au-193 1,7E+3 1,7E+3 3,4E+3 4,4E+3 2,3E+6 2,5E+5 5,3E+4 1,0E+5 1,7E+3
Au-194   264   261   613   832 3,4E+5 3,7E+4 7,6E+3 1,5E+4   261
Au-195 2,9E+3 2,9E+3 5,9E+3 7,2E+3 2,2E+6 3,0E+5 9,5E+4 1,8E+5 2,9E+3
Au-198   477   474   820   954 7,5E+5 8,5E+4 1,9E+4 3,6E+4   474

Au-198m   232   231   445   542 3,1E+5 3,5E+4 8,0E+3 1,5E+4   231
Au-199 2,4E+3 2,4E+3 4,3E+3 5,0E+3 2,6E+6 3,4E+5 9,2E+4 1,7E+5 2,4E+3
Ba-131   506   502 1,2E+3 1,5E+3 6,6E+5 7,1E+4 1,5E+4 2,8E+4   502
Ba-133   611   607 1,3E+3 1,7E+3 6,8E+5 8,0E+4 1,9E+4 3,6E+4   607

Ba-133m 1,7E+3 1,7E+3 2,3E+3 2,5E+3 4,1E+6 4,6E+5 1,0E+5 2,0E+5 1,7E+3
Ba-140   109   108   240   314 1,4E+5 1,5E+4 3,3E+3 6,3E+3   108

Be-7 5,2E+3 5,2E+3 1,2E+4 1,7E+4 6,5E+6 7,1E+5 1,5E+5 2,9E+5 5,2E+3
Be-10 1,21E+3 2,4E+3 2,5E+3 2,5E+3 4,8E+5 9,9E+4 1,1E+6 7,2E+5 1,21E+3
Bi-205   175   173   406   550 2,2E+5 2,4E+4 5,0E+3 9,7E+3   173
Bi-206   83,4   83   193   260 1,1E+5 1,1E+4 2,4E+3 4,6E+3   82,7
Bi-207   174,0   173   397   527 1,8E+5 2,2E+4 5,1E+3 9,7E+3   172,9
Bi-210   224,27 1,6E+3 1,9E+3 1,7E+3 5,0E+4 1,0E+4 1,1E+5 7,5E+4   224,27

Bi-210m 6,39E+00 6,99E+01 9,30E+01 7,76E+01 1,4E+3   278 2,7E+3 2,0E+3 6,39E+00
Bi-212   194,0   210   477   594 9,9E+4 1,5E+4 6,3E+3 1,2E+4   194
Bk-247  0,3  3,4   5  3,7   67   14   148   100  0,3
Bk-249   132 1,4E+3 1,9E+3 1,6E+3 2,9E+4 5,9E+3 6,4E+4 4,3E+4   132
Br-76   110   109   248   330 1,5E+5 1,6E+4 3,2E+3 6,2E+3   109
Br-77   844   836 2,0E+3 2,7E+3 1,1E+6 1,2E+5 2,4E+4 4,7E+4   836
Br-82   103   102   240   327 1,3E+5 1,4E+4 3,0E+3 5,7E+3   102
C-11   260,2   258   618   852 3,4E+5 3,6E+4 7,4E+3 1,4E+4   258,0
C-14 1,01E+4 1,4E+4 1,4E+4 1,4E+4 2,3E+6 4,7E+5 5,1E+6 3,5E+6 1,01E+4

Ca-41 2,63E+4 3,3E+4 3,3E+4 3,3E+4 4,9E+7 1,0E+7 1,1E+8 7,3E+7 2,63E+4
Ca-45 4,3E+3 9,2E+3 9,5E+3 9,3E+3 1,7E+6 3,5E+5 3,8E+6 2,6E+6 4,3E+3
Ca-47   227,0   225   488   629 2,7E+5 3,1E+4 7,0E+3 1,3E+4   225,4

Cd-109 1,16E+3 1,7E+3 1,9E+3 2,0E+3 6,6E+5 1,3E+5 1,9E+5 3,0E+5 1,16E+3
Cd-113m   198   362   369   365 8,9E+4 1,8E+4 2,0E+5 1,3E+5   198
Cd-115   603   599 1,2E+3 1,4E+3 7,7E+5 8,9E+4 2,0E+4 3,9E+4   599

Cd-115m 1,1E+3 1,6E+3 1,8E+3 1,8E+3 7,2E+5 1,4E+5 3,0E+5 4,3E+5 1,1E+3
Ce-139 1,5E+3 1,5E+3 3,4E+3 4,3E+3 1,2E+6 1,6E+5 4,7E+4 8,9E+4 1,5E+3
Ce-141 2,0E+3 2,4E+3 4,0E+3 4,4E+3 1,1E+6 1,9E+5 1,0E+5 1,8E+5 2,0E+3
Ce-143   767   763 1,4E+3 1,7E+3 1,0E+6 1,2E+5 2,7E+4 5,2E+4   763
Ce-144   382   965 1,1E+3 1,0E+3 1,3E+5 2,5E+4 1,0E+5 1,2E+5   382
Cf-248  2,4   28   38   31   529   107 1,2E+3   788  2,4
Cf-249  0,3  3,4   4  3,7   66   14   146   99  0,3
Cf-250  0,6   7   9   8   137   28   302   204  0,6
Cf-251  0,3  3,3   4  3,6   66   13   144   98  0,3
Cf-252  1,1   12   17   14   233   47   513   347  1,1
Cf-253   17   202   278   225 3,6E+3   728 7,9E+3 5,3E+3   17
Cf-254  0,5   5   7   6   113   23   250   169  0,5  

 



Derived Level Workers [Bq/cm²] Derived Level Public [Bq/cm²]
Nuclide W-SM W-SR W-LR W-FF P-SM P-SR P-LR P-FF Overall Min.  

Cl-36 1,8E+3 4,5E+3 4,6E+3 4,5E+3 6,4E+5 1,3E+5 1,4E+6 9,5E+5 1,8E+3
Cl-38   194   193   412   531 2,8E+5 2,9E+4 6,0E+3 1,2E+4   193

Cm-240   7   81   110   90 1,5E+3   296 3,2E+3 2,2E+3   7
Cm-241   303   474 1,0E+3 1,1E+3 1,1E+5 1,9E+4 1,5E+4 2,6E+4   303
Cm-242   4   49   67   55   895   182 2,0E+3 1,3E+3   4
Cm-243  0,7   8   10   8   150   31   329   223  0,7
Cm-244  0,8   9   12   10   172   35   380   257  0,8
Cm-245  0,5   6   7   6   111   23   244   165  0,5
Cm-246  0,5   6   7   6   111   23   244   165  0,5
Cm-247  0,6   6   8   7   119   24   260   177  0,6
Cm-248  0,1  1,6  2,1  1,7   31   6   68   46  0,1
Co-55   135   134   305   407 1,8E+5 1,9E+4 4,0E+3 7,6E+3   134
Co-56   81   80   185   249 9,7E+4 1,1E+4 2,3E+3 4,5E+3   80
Co-57 2,3E+3 2,2E+3 4,9E+3 6,4E+3 2,3E+6 2,8E+5 6,8E+4 1,3E+5 2,2E+3
Co-58   270   268   621   834 3,2E+5 3,6E+4 7,9E+3 1,5E+4   268

Co-58m 1,2E+5 1,3E+5 1,3E+5 1,3E+5 3,5E+8 7,1E+7 3,1E+8 3,5E+8 1,2E+5
Co-60   109   108   245   323 1,1E+5 1,3E+4 3,2E+3 6,1E+3   108
Cr-51 8,2E+3 8,2E+3 1,8E+4 2,4E+4 1,0E+7 1,1E+6 2,4E+5 4,7E+5 8,2E+3

Cs-129   893   886 2,1E+3 2,8E+3 1,2E+6 1,2E+5 2,6E+4 4,9E+4   886
Cs-131 7,7E+3 7,7E+3 1,7E+4 2,2E+4 1,0E+7 1,1E+6 2,4E+5 4,6E+5 7,7E+3
Cs-132   362   359   836 1,1E+3 4,7E+5 5,0E+4 1,0E+4 2,0E+4   359
Cs-134   129   128   227   266 1,7E+5 2,0E+4 4,9E+3 9,3E+3   128

Cs-134m 6,4E+3 6,4E+3 1,1E+4 1,2E+4 1,2E+7 1,2E+6 2,6E+5 5,0E+5 6,4E+3
Cs-135 4,0E+3 4,6E+3 4,6E+3 4,6E+3 6,7E+6 1,4E+6 1,5E+7 1,0E+7 4,0E+3
Cs-136   122   121   274   363 1,6E+5 1,7E+4 3,6E+3 6,9E+3   121
Cs-137   284   283   439   487 3,8E+5 5,0E+4 1,3E+4 2,5E+4   283
Cu-64 1,3E+3 1,3E+3 2,8E+3 3,6E+3 1,8E+6 1,9E+5 4,0E+4 7,6E+4 1,3E+3
Cu-67 1,5E+3 1,5E+3 2,4E+3 2,7E+3 2,3E+6 2,9E+5 7,0E+4 1,3E+5 1,5E+3
Dy-159 4,8E+3 4,8E+3 1,1E+4 1,4E+4 4,3E+6 5,5E+5 1,4E+5 2,7E+5 4,8E+3
Dy-165 3,9E+3 3,9E+3 5,0E+3 5,2E+3 1,1E+7 1,3E+6 2,9E+5 5,6E+5 3,9E+3
Dy-166 1,5E+3 1,6E+3 2,1E+3 2,2E+3 1,3E+6 2,2E+5 1,1E+5 1,9E+5 1,5E+3
Er-169 8,7E+3 1,4E+4 1,4E+4 1,4E+4 4,7E+6 9,5E+5 1,0E+7 6,9E+6 8,7E+3
Er-171   647   642 1,3E+3 1,7E+3 9,1E+5 9,9E+4 2,1E+4 4,0E+4   642
Eu-147   322   320   745 1,0E+3 3,9E+5 4,3E+4 9,3E+3 1,8E+4   320
Eu-148   124   123   289   392 1,5E+5 1,7E+4 3,6E+3 6,9E+3   123
Eu-149 3,2E+3 3,2E+3 7,2E+3 9,5E+3 3,4E+6 4,0E+5 9,4E+4 1,8E+5 3,2E+3
Eu-150   331 1,5E+3 1,7E+3 1,6E+3 8,7E+4 1,7E+4 8,9E+4 9,2E+4   331
Eu-152   188   226   517   629 8,2E+4 1,3E+4 6,7E+3 1,2E+4   188

Eu-152m   741   736 1,5E+3 1,8E+3 1,1E+6 1,2E+5 2,5E+4 4,7E+4   736
Eu-154   160   204   456   542 6,7E+4 1,1E+4 6,1E+3 1,1E+4   160
Eu-155 1,9E+3 3,6E+3 7,0E+3 7,4E+3 6,1E+5 1,1E+5 1,2E+5 2,0E+5 1,9E+3
Eu-156   200   198   425   545 2,4E+5 2,7E+4 6,2E+3 1,2E+4   198

F-18   260   258   593   797 3,5E+5 3,7E+4 7,6E+3 1,5E+4   258
Fe-52   85   85   198   268 1,1E+5 1,2E+4 2,5E+3 4,7E+3   85
Fe-55 1,9E+4 2,7E+4 2,7E+4 2,7E+4 1,2E+7 2,5E+6 2,7E+7 1,8E+7 1,9E+4
Fe-59   228   227   509   668 2,5E+5 2,9E+4 6,8E+3 1,3E+4   227
Fe-60   57   87   88   87 3,3E+4 6,8E+3 7,3E+4 5,0E+4   57
Ga-67 1,7E+3 1,7E+3 3,5E+3 4,4E+3 2,2E+6 2,5E+5 5,5E+4 1,0E+5 1,7E+3
Ga-68   260   258   564   734 3,6E+5 3,9E+4 7,9E+3 1,5E+4   258
Ga-72   107   106   243   326 1,4E+5 1,5E+4 3,1E+3 6,0E+3   106

Gd-146   97   96   220   292 1,1E+5 1,3E+4 2,9E+3 5,5E+3   96
Gd-148  1,8   20   27   22   423   86   933   631  1,8
Gd-153 2,1E+3 2,1E+3 4,6E+3 5,7E+3 1,3E+6 1,8E+5 6,3E+4 1,2E+5 2,1E+3
Gd-159 3,2E+3 3,2E+3 4,4E+3 4,8E+3 5,7E+6 7,1E+5 1,8E+5 3,5E+5 3,2E+3
Ge-68   266   265   608   784 1,7E+5 2,5E+4 7,9E+3 1,5E+4   265
Ge-71 5,8E+5 7,8E+5 7,9E+5 7,9E+5 4,2E+8 8,6E+7 9,3E+8 6,3E+8 5,8E+5
Ge-77   235   233   496   637 3,2E+5 3,5E+4 7,3E+3 1,4E+4   233
Hf-172   699 1,6E+3 2,8E+3 2,9E+3 2,2E+5 4,1E+4 5,7E+4 9,1E+4   699
Hf-175   690   686 1,5E+3 2,0E+3 7,6E+5 8,9E+4 2,1E+4 3,9E+4   686
Hf-181   447   445   952 1,2E+3 3,8E+5 5,0E+4 1,4E+4 2,6E+4   445  

 



Derived Level Workers [Bq/cm²] Derived Level Public [Bq/cm²]
Nuclide W-SM W-SR W-LR W-FF P-SM P-SR P-LR P-FF Overall Min.  

Hf-182   142   651   939   911 3,5E+4 7,0E+3 2,3E+4 2,9E+4   142
Hg-194   112   112   149   158 2,1E+5 2,8E+4 7,5E+3 1,4E+4   112

Hg-195m   817   811 1,8E+3 2,3E+3 1,0E+6 1,1E+5 2,5E+4 4,8E+4   811
Hg-197 3,4E+3 3,4E+3 6,5E+3 7,9E+3 4,0E+6 4,9E+5 1,2E+5 2,3E+5 3,4E+3

Hg-197m 1,4E+3 1,4E+3 2,6E+3 3,1E+3 1,7E+6 2,1E+5 5,2E+4 1,0E+5 1,4E+3
Hg-203   943   941 1,8E+3 2,1E+3 8,7E+5 1,2E+5 3,4E+4 6,4E+4   941
Ho-166 2,2E+3 2,3E+3 2,6E+3 2,7E+3 4,6E+6 7,0E+5 2,7E+5 5,1E+5 2,2E+3

Ho-166m   96   153   350   393 3,3E+4 5,9E+3 4,6E+3 8,0E+3   96
I-123 1,5E+3 1,5E+3 3,3E+3 4,4E+3 2,0E+6 2,1E+5 4,4E+4 8,4E+4 1,5E+3
I-124   194   193   342   401 2,6E+5 3,1E+4 7,4E+3 1,4E+4   193
I-125   517   577   626   630 7,9E+5 1,4E+5 1,2E+5 2,1E+5   517
I-126   207   210   270   283 2,9E+5 4,3E+4 1,6E+4 3,0E+4   207
I-129   77   89   90   89 1,3E+5 2,6E+4 1,3E+5 1,3E+5   77
I-131   266   269   348   365 3,7E+5 5,5E+4 2,0E+4 3,7E+4   266
I-132   116   116   268   362 1,5E+5 1,6E+4 3,4E+3 6,5E+3   116
I-133   329   327   619   747 4,5E+5 5,2E+4 1,2E+4 2,2E+4   327
I-134   103   103   238   322 1,4E+5 1,5E+4 3,0E+3 5,7E+3   103
I-135   147   146   333   446 2,0E+5 2,1E+4 4,3E+3 8,3E+3   146
In-111   661   656 1,5E+3 2,0E+3 8,5E+5 9,2E+4 1,9E+4 3,7E+4   656

In-113m   953   945 2,1E+3 2,7E+3 1,3E+6 1,4E+5 2,9E+4 5,6E+4   945
In-114m   877 1,0E+3 1,5E+3 1,6E+3 5,9E+5 1,0E+5 5,6E+4 1,0E+5   877
In-115m 1,4E+3 1,4E+3 2,9E+3 3,7E+3 2,0E+6 2,2E+5 4,5E+4 8,7E+4 1,4E+3
Ir-189 2,9E+3 2,9E+3 5,7E+3 6,9E+3 3,0E+6 3,8E+5 9,8E+4 1,9E+5 2,9E+3
Ir-190   186   184   423   564 2,3E+5 2,5E+4 5,4E+3 1,0E+4   184
Ir-192   305   303   663   851 2,9E+5 3,6E+4 9,3E+3 1,8E+4   303
Ir-194 1,4E+3 1,4E+3 2,0E+3 2,2E+3 2,7E+6 3,4E+5 8,5E+4 1,6E+5 1,4E+3
K-40   761   761   999 1,1E+3 1,2E+6 1,7E+5 5,3E+4 1,0E+5   761
K-42 1,0E+3 1,0E+3 2,3E+3 3,0E+3 1,4E+6 1,5E+5 3,1E+4 5,9E+4 1,0E+3
K-43   266   264   600   800 3,6E+5 3,8E+4 7,8E+3 1,5E+4   264

La-137 3,7E+3 7,2E+3 1,6E+4 1,7E+4 1,2E+6 2,1E+5 2,1E+5 3,6E+5 3,7E+3
La-140   123   122   280   375 1,6E+5 1,7E+4 3,6E+3 6,9E+3   122
Lu-172   144   143   324   431 1,8E+5 2,0E+4 4,3E+3 8,2E+3   143
Lu-173 1,8E+3 1,8E+3 4,0E+3 5,0E+3 1,2E+6 1,7E+5 5,7E+4 1,1E+5 1,8E+3
Lu-174 1,6E+3 1,9E+3 3,8E+3 4,5E+3 8,0E+5 1,3E+5 6,1E+4 1,1E+5 1,6E+3

Lu-174m 2,3E+3 3,0E+3 5,4E+3 5,9E+3 1,0E+6 1,8E+5 1,2E+5 2,1E+5 2,3E+3
Lu-177 3,9E+3 4,2E+3 6,1E+3 6,5E+3 3,0E+6 4,8E+5 2,2E+5 4,1E+5 3,9E+3
Mg-28   90   90   203   269 1,2E+5 1,3E+4 2,7E+3 5,1E+3   90
Mn-52   80   79   185   251 1,0E+5 1,1E+4 2,3E+3 4,4E+3   79
Mn-53 1,8E+5 3,1E+5 3,2E+5 3,1E+5 8,6E+7 1,8E+7 1,9E+8 1,3E+8 1,8E+5
Mn-54   317   315   730   980 3,7E+5 4,2E+4 9,2E+3 1,8E+4   315
Mn-56   166   164   370   492 2,2E+5 2,4E+4 4,9E+3 9,4E+3   164
Mo-93 2,4E+3 3,2E+3 3,5E+3 3,5E+3 1,9E+6 3,6E+5 4,9E+5 7,9E+5 2,4E+3
Mo-99   846   841 1,6E+3 1,9E+3 1,1E+6 1,2E+5 2,9E+4 5,6E+4   841
N-13   260   258   619   853 3,4E+5 3,6E+4 7,4E+3 1,4E+4   258

Na-22   121   120   269   355 1,6E+5 1,7E+4 3,6E+3 6,9E+3   120
Na-24   78   77   180   245 1,0E+5 1,1E+4 2,2E+3 4,3E+3   77

Nb-93m 2,4E+4 4,5E+4 6,0E+4 6,1E+4 8,6E+6 1,7E+6 2,7E+6 4,1E+6 2,4E+4
Nb-94   165   164   374   490 1,5E+5 1,9E+4 4,9E+3 9,2E+3   164
Nb-95   344   341   791 1,1E+3 4,0E+5 4,5E+4 1,0E+4 1,9E+4   341
Nb-97   377   374   820 1,1E+3 5,2E+5 5,5E+4 1,1E+4 2,2E+4   374

Nd-147 1,3E+3 1,3E+3 2,3E+3 2,6E+3 1,2E+6 1,6E+5 5,2E+4 9,8E+4 1,3E+3
Nd-149   579   575 1,1E+3 1,4E+3 7,8E+5 8,8E+4 2,0E+4 3,7E+4   575
Ni-59 7,8E+4 1,5E+5 1,5E+5 1,5E+5 3,6E+7 7,3E+6 7,9E+7 5,3E+7 7,8E+4
Ni-63 2,7E+4 5,9E+4 6,1E+4 5,9E+4 9,7E+6 2,0E+6 2,1E+7 1,4E+7 2,7E+4
Ni-65   481   477 1,0E+3 1,3E+3 6,8E+5 7,3E+4 1,5E+4 2,9E+4   477

Np-235 3,3E+4 8,1E+4 1,1E+5 1,1E+5 1,1E+7 2,1E+6 4,0E+6 5,9E+6 3,3E+4
Np-236   7   71   93   78 1,5E+3   295 3,1E+3 2,1E+3   7
Np-237  0,9   11   14   12   202   41   440   300  0,9
Np-239 1,4E+3 1,4E+3 2,5E+3 3,0E+3 1,6E+6 1,9E+5 4,9E+4 9,3E+4 1,4E+3
Os-185   372   369   859 1,2E+3 4,4E+5 4,9E+4 1,1E+4 2,1E+4   369  

 



Derived Level Workers [Bq/cm²] Derived Level Public [Bq/cm²]
Nuclide W-SM W-SR W-LR W-FF P-SM P-SR P-LR P-FF Overall Min.  

Os-191 2,9E+3 3,0E+3 5,6E+3 6,4E+3 1,8E+6 2,8E+5 1,1E+5 2,0E+5 2,9E+3
Os-191m 1,8E+4 1,9E+4 2,3E+4 2,4E+4 2,3E+7 3,7E+6 1,6E+6 3,0E+6 1,8E+4
Os-193 2,2E+3 2,2E+3 3,2E+3 3,5E+3 3,4E+6 4,3E+5 1,1E+5 2,2E+5 2,2E+3
Os-194   605 1,3E+3 1,8E+3 1,8E+3 2,0E+5 4,0E+4 7,2E+4 1,1E+5   605

P-32 1,7E+3 2,2E+3 2,2E+3 2,2E+3 1,4E+6 2,8E+5 3,0E+6 2,0E+6 1,7E+3
P-33 8,7E+3 2,0E+4 2,0E+4 2,0E+4 3,1E+6 6,3E+5 6,8E+6 4,6E+6 8,7E+3

Pa-230   34   269   386   352 7,5E+3 1,5E+3 7,0E+3 7,6E+3   34
Pa-231  0,2  1,7  2,3  1,9   33   7   73   50  0,2
Pa-233 1,1E+3 1,1E+3 2,2E+3 2,6E+3 7,7E+5 1,1E+5 3,7E+4 6,9E+4 1,1E+3
Pb-201   309   307   717   971 4,1E+5 4,3E+4 8,9E+3 1,7E+4   307
Pb-202   705 1,1E+3 1,1E+3 1,1E+3 4,2E+5 8,6E+4 9,3E+5 6,3E+5   705
Pb-203   877   870 2,0E+3 2,6E+3 1,2E+6 1,2E+5 2,6E+4 5,0E+4   870
Pb-205 2,2E+4 3,3E+4 3,4E+4 3,4E+4 1,4E+7 2,9E+6 3,1E+7 2,1E+7 2,2E+4
Pb-210  3,4   9   10   9 1,1E+3   220 2,4E+3 1,6E+3  3,4
Pb-212   140   167   337   391 7,0E+4 1,1E+4 5,6E+3 1,0E+4   140
Pd-103 9,5E+3 9,5E+3 1,8E+4 2,2E+4 6,8E+6 9,9E+5 3,3E+5 6,2E+5 9,5E+3
Pd-107 1,3E+5 2,5E+5 2,5E+5 2,5E+5 5,5E+7 1,1E+7 1,2E+8 8,2E+7 1,3E+5
Pd-109 3,8E+3 3,9E+3 4,4E+3 4,5E+3 8,6E+6 1,3E+6 5,0E+5 9,4E+5 3,8E+3
Pm-143   817   812 1,9E+3 2,5E+3 8,1E+5 9,7E+4 2,4E+4 4,5E+4   812
Pm-144   167   167   391   523 1,6E+5 2,0E+4 4,8E+3 9,2E+3   167
Pm-145 3,3E+3 5,6E+3 1,2E+4 1,3E+4 1,1E+6 2,0E+5 1,8E+5 3,1E+5 3,3E+3
Pm-147 3,6E+3 1,6E+4 1,8E+4 1,7E+4 9,3E+5 1,9E+5 2,1E+6 1,4E+6 3,6E+3

Pm-148m   126   126   281   370 1,5E+5 1,7E+4 3,8E+3 7,2E+3   126
Pm-149 3,4E+3 3,7E+3 4,1E+3 4,1E+3 5,7E+6 9,8E+5 6,4E+5 1,1E+6 3,4E+3
Pm-151   654   650 1,2E+3 1,5E+3 9,5E+5 1,1E+5 2,3E+4 4,4E+4   650
Po-210   6   28   31   29 1,4E+3   287 3,1E+3 2,1E+3   6
Pr-142 2,6E+3 2,6E+3 3,7E+3 4,0E+3 3,8E+6 5,1E+5 1,4E+5 2,7E+5 2,6E+3
Pr-143 2,8E+3 3,9E+3 3,9E+3 3,9E+3 2,1E+6 4,3E+5 4,7E+6 3,2E+6 2,8E+3
Pt-188   161   160   363   484 2,1E+5 2,3E+4 4,7E+3 9,1E+3   160
Pt-191   887   879 2,0E+3 2,6E+3 1,2E+6 1,3E+5 2,7E+4 5,1E+4   879
Pt-193 2,0E+5 2,4E+5 2,5E+5 2,4E+5 2,2E+8 4,5E+7 4,9E+8 3,3E+8 2,0E+5

Pt-193m 7,2E+3 7,2E+3 8,6E+3 8,9E+3 1,8E+7 2,5E+6 7,3E+5 1,4E+6 7,2E+3
Pt-195m 1,9E+3 1,9E+3 2,6E+3 2,8E+3 4,3E+6 5,0E+5 1,1E+5 2,1E+5 1,9E+3
Pt-197 4,5E+3 4,5E+3 5,8E+3 6,1E+3 1,2E+7 1,5E+6 3,5E+5 6,6E+5 4,5E+3

Pt-197m 1,9E+3 1,9E+3 3,1E+3 3,6E+3 3,2E+6 3,6E+5 7,6E+4 1,5E+5 1,9E+3
Pu-236  1,1   12   17   14   233   47   513   347  1,1
Pu-237 5,7E+3 5,7E+3 1,2E+4 1,6E+4 5,0E+6 6,5E+5 1,8E+5 3,3E+5 5,7E+3
Pu-238  0,5   5   7   6   101   21   223   151  0,5
Pu-239  0,4   5   6   5   93   19   205   139  0,4
Pu-240  0,4   5   6   5   93   19   205   139  0,4
Pu-241   23   260   345   286 5,2E+3 1,1E+3 1,1E+4 7,7E+3   23
Pu-242  0,5   5   7   6   97   20   214   145  0,5
Pu-244  0,5   5   7   6   99   20   216   147  0,5
Ra-223  2,8   26   33   28   628   128 1,3E+3   920  2,8
Ra-224   6   48   59   53 1,5E+3   309 2,3E+3 2,0E+3   6
Ra-225  2,9   26   32   28   645   131 1,4E+3   950  2,9
Ra-226  2,2   7   7   7   619   126 1,1E+3   839  2,2
Ra-228   5   13   13   13 1,8E+3   357 2,7E+3 2,3E+3   5
Rb-81   416   412   903 1,2E+3 5,8E+5 6,1E+4 1,3E+4 2,4E+4   412
Rb-83   480   477 1,0E+3 1,3E+3 6,3E+5 7,0E+4 1,5E+4 2,9E+4   477
Rb-84   272   270   565   717 3,6E+5 4,0E+4 8,6E+3 1,6E+4   270
Rb-86 1,2E+3 1,2E+3 1,6E+3 1,7E+3 2,2E+6 2,9E+5 8,4E+4 1,6E+5 1,2E+3
Rb-87 3,0E+3 3,2E+3 3,2E+3 3,2E+3 9,3E+6 1,9E+6 2,1E+7 1,4E+7 3,0E+3

Re-184   292   290   656   867 3,4E+5 3,9E+4 8,7E+3 1,7E+4   290
Re-184m   235   234   500   632 2,1E+5 2,8E+4 7,3E+3 1,4E+4   234
Re-186 2,6E+3 2,9E+3 3,3E+3 3,4E+3 3,4E+6 5,9E+5 3,8E+5 6,7E+5 2,6E+3
Re-187 1,2E+6 1,9E+6 1,9E+6 1,9E+6 7,4E+8 1,5E+8 1,6E+9 1,1E+9 1,2E+6
Re-188 1,8E+3 1,8E+3 2,2E+3 2,4E+3 3,6E+6 4,8E+5 1,4E+5 2,6E+5 1,8E+3
Re-189 1,7E+3 1,7E+3 2,2E+3 2,4E+3 3,6E+6 4,5E+5 1,1E+5 2,2E+5 1,7E+3
Rh-99   424   421   952 1,3E+3 5,3E+5 5,8E+4 1,3E+4 2,4E+4   421  

 



Derived Level Workers [Bq/cm²] Derived Level Public [Bq/cm²]
Nuclide W-SM W-SR W-LR W-FF P-SM P-SR P-LR P-FF Overall Min.  

Rh-101   936   932 2,0E+3 2,5E+3 8,1E+5 1,1E+5 2,9E+4 5,5E+4   932
Rh-102   123   122   280   372 1,3E+5 1,6E+4 3,6E+3 6,9E+3   122

Rh-102m   502   500 1,1E+3 1,4E+3 4,4E+5 5,7E+4 1,6E+4 2,9E+4   500
Rh-103m 1,1E+5 1,1E+5 2,4E+5 3,1E+5 1,4E+8 1,6E+7 3,3E+6 6,4E+6 1,1E+5
Rh-105 2,6E+3 2,6E+3 4,6E+3 5,4E+3 3,5E+6 4,2E+5 9,9E+4 1,9E+5 2,6E+3
Rn-222   155   155   349   451 1,2E+5 1,6E+4 4,6E+3 8,8E+3   155
Ru-97 1,1E+3 1,1E+3 2,6E+3 3,5E+3 1,4E+6 1,5E+5 3,2E+4 6,2E+4 1,1E+3

Ru-103   516   513 1,2E+3 1,5E+3 5,2E+5 6,3E+4 1,5E+4 2,9E+4   513
Ru-105   290   288   634   829 3,9E+5 4,2E+4 8,8E+3 1,7E+4   288
Ru-106   352   560   764   781 1,5E+5 2,8E+4 3,3E+4 5,5E+4   352

S-35 6,5E+3 1,1E+4 1,1E+4 1,1E+4 3,3E+6 6,8E+5 7,3E+6 5,0E+6 6,5E+3
Sb-122   501   498   970 1,2E+3 6,7E+5 7,6E+4 1,7E+4 3,3E+4   498
Sb-124   145   144   322   421 1,6E+5 1,9E+4 4,4E+3 8,3E+3   144
Sb-125   536   535 1,1E+3 1,4E+3 4,0E+5 5,5E+4 1,7E+4 3,2E+4   535
Sb-126   94   93   211   280 1,2E+5 1,3E+4 2,8E+3 5,3E+3   93
Sc-44   124   123   277   369 1,7E+5 1,8E+4 3,7E+3 7,0E+3   123
Sc-46   135   134   310   413 1,4E+5 1,7E+4 3,9E+3 7,5E+3   134
Sc-47 2,0E+3 2,0E+3 3,6E+3 4,2E+3 2,3E+6 2,9E+5 7,5E+4 1,4E+5 2,0E+3
Sc-48   83   82   190   257 1,1E+5 1,1E+4 2,4E+3 4,6E+3   82
Se-75   603   599 1,2E+3 1,4E+3 7,8E+5 9,0E+4 2,0E+4 3,9E+4   599
Se-79 2,5E+3 2,9E+3 2,9E+3 2,9E+3 4,2E+6 8,6E+5 9,3E+6 6,3E+6 2,5E+3
Si-31 5,3E+3 5,4E+3 5,4E+3 5,4E+3 5,5E+7 1,0E+7 8,7E+6 1,5E+7 5,3E+3
Si-32 1,1E+3 4,5E+3 4,9E+3 4,6E+3 2,7E+5 5,6E+4 6,0E+5 4,1E+5 1,1E+3

Sm-145 3,1E+3 3,1E+3 6,8E+3 8,5E+3 1,7E+6 2,6E+5 9,3E+4 1,7E+5 3,1E+3
Sm-147  2,2   25   33   27   485   99 1,1E+3   723  2,2
Sm-151 5,1E+3 4,0E+4 4,8E+4 4,3E+4 1,2E+6 2,4E+5 2,6E+6 1,7E+6 5,1E+3
Sm-153 2,4E+3 2,4E+3 3,6E+3 3,9E+3 3,1E+6 4,1E+5 1,2E+5 2,2E+5 2,4E+3
Sn-113   849   845 1,9E+3 2,4E+3 7,0E+5 9,3E+4 2,6E+4 4,9E+4   845

Sn-117m 1,2E+3 1,2E+3 1,9E+3 2,1E+3 1,0E+6 1,5E+5 4,9E+4 9,2E+4 1,2E+3
Sn-119m 4,3E+3 6,7E+3 8,8E+3 9,0E+3 1,9E+6 3,6E+5 4,4E+5 7,2E+5 4,3E+3
Sn-121m 3,0E+3 7,5E+3 8,3E+3 8,2E+3 9,8E+5 1,9E+5 7,4E+5 8,8E+5 3,0E+3
Sn-123 1,1E+3 1,8E+3 1,8E+3 1,8E+3 5,7E+5 1,1E+5 6,0E+5 6,2E+5 1,1E+3
Sn-125   617   616 1,0E+3 1,1E+3 6,7E+5 9,1E+4 2,6E+4 5,0E+4   616
Sn-126   456 1,0E+3 1,2E+3 1,2E+3 1,6E+5 3,2E+4 9,7E+4 1,2E+5   456
Sr-82 1,4E+3 1,6E+3 1,6E+3 1,6E+3 2,2E+6 4,5E+5 4,9E+6 3,3E+6 1,4E+3
Sr-85   503   499 1,1E+3 1,5E+3 6,4E+5 7,0E+4 1,5E+4 2,8E+4   499

Sr-85m 1,3E+3 1,3E+3 3,0E+3 4,1E+3 1,7E+6 1,8E+5 3,7E+4 7,1E+4 1,3E+3
Sr-87m   818   811 1,9E+3 2,5E+3 1,1E+6 1,2E+5 2,4E+4 4,6E+4   811
Sr-89 2,0E+3 2,2E+3 2,2E+3 2,2E+3 4,6E+6 9,4E+5 8,7E+6 6,5E+6 2,0E+3
Sr-90   216   288   290   289 1,8E+5 3,7E+4 4,0E+5 2,7E+5   216
Sr-91   365   362   770   989 5,1E+5 5,5E+4 1,1E+4 2,2E+4   362
Sr-92   177   175   403   540 2,3E+5 2,5E+4 5,2E+3 9,9E+3   175
H-3 1,6E+5 2,3E+5 2,3E+5 2,3E+5 1,0E+8 2,1E+7 2,3E+8 1,5E+8 1,6E+5

Ta-178-l   263   261   617   843 3,4E+5 3,7E+4 7,5E+3 1,4E+4   261
Ta-179 7,7E+3 7,6E+3 1,7E+4 2,2E+4 7,1E+6 8,9E+5 2,3E+5 4,4E+5 7,6E+3
Ta-182   207   206   463   602 2,0E+5 2,4E+4 6,2E+3 1,2E+4   206
Tb-157 1,4E+4 4,0E+4 7,2E+4 7,4E+4 3,7E+6 7,1E+5 1,3E+6 1,9E+6 1,4E+4
Tb-158   215   305   668   766 8,3E+4 1,4E+4 9,4E+3 1,7E+4   215
Tb-160   239   238   525   676 2,2E+5 2,8E+4 7,3E+3 1,4E+4   238
Tc-95m   373   370   854 1,1E+3 4,6E+5 5,0E+4 1,1E+4 2,1E+4   370
Tc-96   106   105   243   327 1,4E+5 1,5E+4 3,1E+3 5,9E+3   105

Tc-96m   107   106   251   342 1,4E+5 1,5E+4 3,1E+3 5,9E+3   106
Tc-97 1,5E+4 1,5E+4 3,0E+4 3,6E+4 1,1E+7 1,5E+6 4,8E+5 9,1E+5 1,5E+4

Tc-97m 3,4E+3 6,4E+3 7,9E+3 7,9E+3 1,4E+6 2,7E+5 5,0E+5 7,4E+5 3,4E+3
Tc-98   177   176   381   487 1,7E+5 2,2E+4 5,4E+3 1,0E+4   176
Tc-99 3,6E+3 1,0E+4 1,1E+4 1,1E+4 1,2E+6 2,4E+5 2,6E+6 1,7E+6 3,6E+3

Tc-99m 2,3E+3 2,2E+3 5,2E+3 7,1E+3 2,9E+6 3,1E+5 6,5E+4 1,2E+5 2,2E+3
Te-121   445   441 1,0E+3 1,4E+3 5,6E+5 6,1E+4 1,3E+4 2,5E+4   441

Te-121m   946   959 1,8E+3 2,0E+3 6,6E+5 9,8E+4 3,5E+4 6,6E+4   946
Te-123m 1,3E+3 1,4E+3 2,5E+3 2,9E+3 7,9E+5 1,2E+5 5,2E+4 9,6E+4 1,3E+3  



Derived Level Workers [Bq/cm²] Derived Level Public [Bq/cm²]
Nuclide W-SM W-SR W-LR W-FF P-SM P-SR P-LR P-FF Overall Min.  

Te-125m 2,3E+3 3,1E+3 4,8E+3 5,1E+3 1,1E+6 2,0E+5 1,5E+5 2,6E+5 2,3E+3
Te-127 7,7E+3 7,8E+3 8,5E+3 8,6E+3 2,4E+7 3,7E+6 1,5E+6 2,9E+6 7,7E+3

Te-127m 1,4E+3 2,7E+3 3,1E+3 3,1E+3 6,0E+5 1,2E+5 2,9E+5 4,0E+5 1,4E+3
Te-129 2,5E+3 2,5E+3 3,7E+3 4,0E+3 5,6E+6 6,1E+5 1,3E+5 2,5E+5 2,5E+3

Te-129m 1,1E+3 1,4E+3 1,9E+3 2,0E+3 6,1E+5 1,1E+5 9,0E+4 1,6E+5 1,1E+3
Te-131m   106   106   186   217 1,4E+5 1,7E+4 4,1E+3 7,8E+3   106
Te-132   103   103   232   308 1,3E+5 1,4E+4 3,1E+3 5,9E+3   103
Th-227  2,1   25   35   28   465   95 1,0E+3   690  2,1
Th-228  0,5   5   7   6   108   22   229   159  0,5
Th-229  0,3  2,9  3,8  3,2   59   12   131   89  0,3
Th-230  1,5   14   17   15   332   68   733   495  1,5
Th-231 8,1E+3 8,2E+3 1,1E+4 1,2E+4 8,8E+6 1,3E+6 4,9E+5 9,2E+5 8,1E+3
Th-232  0,9   9   11   10   186   38   410   277  0,9
Th-nat  0,3  2,6  3,3  2,9   66   13   139   97  0,3
Th-234 1,0E+3 1,6E+3 1,7E+3 1,6E+3 5,9E+5 1,2E+5 3,1E+5 4,2E+5 1,0E+3
Ti-44   111   111   244   305 6,5E+4 9,6E+3 3,4E+3 6,3E+3   111
Tl-200   211   209   497   680 2,7E+5 2,9E+4 6,0E+3 1,2E+4   209
Tl-201 2,9E+3 2,9E+3 6,4E+3 8,5E+3 3,9E+6 4,2E+5 8,8E+4 1,7E+5 2,9E+3
Tl-202   559   554 1,3E+3 1,7E+3 7,3E+5 7,8E+4 1,6E+4 3,1E+4   554
Tl-204 3,8E+3 4,1E+3 4,2E+3 4,2E+3 1,2E+7 2,3E+6 5,7E+6 7,9E+6 3,8E+3

Tm-167 1,3E+3 1,3E+3 2,3E+3 2,6E+3 1,5E+6 2,0E+5 5,2E+4 9,8E+4 1,3E+3
Tm-170 1,7E+3 3,5E+3 3,6E+3 3,6E+3 6,6E+5 1,3E+5 7,3E+5 7,3E+5 1,7E+3
Tm-171 1,2E+4 4,8E+4 5,2E+4 5,0E+4 3,3E+6 6,7E+5 4,4E+6 4,0E+6 1,2E+4
U-230  1,3   15   21   17   290   59   638   432  1,3
U-232  0,3  3,0  3,9  3,3   61   12   132   91  0,3
U-233  2,3   25   33   28   485   99 1,1E+3   723  2,3
U-234  2,3   26   34   28   495   101 1,1E+3   738  2,3
U-235  2,6   28   37   31   547   111 1,2E+3   809  2,6
U-236  2,5   28   37   31   535   109 1,2E+3   797  2,5
U-238  2,7   29   39   32   581   118 1,3E+3   865  2,7
U-nat  0,5  3,4  3,9  3,6   119   24   248   173  0,5
V-48   93   92   209   278 1,2E+5 1,3E+4 2,7E+3 5,2E+3   92
V-49 2,6E+5 4,1E+5 4,1E+5 4,1E+5 1,4E+8 2,8E+7 3,0E+8 2,0E+8 2,6E+5

W-178 2,2E+3 2,1E+3 4,8E+3 6,4E+3 2,8E+6 3,1E+5 6,4E+4 1,2E+5 2,1E+3
W-181 6,2E+3 6,2E+3 1,4E+4 1,8E+4 8,2E+6 8,9E+5 1,9E+5 3,6E+5 6,2E+3
W-185 9,8E+3 1,0E+4 1,1E+4 1,0E+4 3,9E+7 7,8E+6 6,7E+7 5,3E+7 9,8E+3
W-187   512   508 1,1E+3 1,4E+3 7,1E+5 7,7E+4 1,6E+4 3,1E+4   508
W-188 1,4E+3 1,4E+3 1,7E+3 1,7E+3 2,5E+6 3,7E+5 1,3E+5 2,5E+5 1,4E+3
Y-87   336   333   778 1,1E+3 4,3E+5 4,6E+4 9,7E+3 1,9E+4   333
Y-88   110   109   256   347 1,3E+5 1,4E+4 3,1E+3 6,0E+3   109
Y-90 1,8E+3 2,0E+3 2,0E+3 2,0E+3 3,3E+6 6,8E+5 7,3E+6 5,0E+6 1,8E+3
Y-91 1,3E+3 2,2E+3 2,2E+3 2,2E+3 6,5E+5 1,3E+5 8,8E+5 8,0E+5 1,3E+3

Y-91m   500   495 1,2E+3 1,6E+3 6,5E+5 6,9E+4 1,4E+4 2,7E+4   495
Y-92   637   634   952 1,1E+3 1,4E+6 1,5E+5 3,2E+4 6,0E+4   634
Y-93 1,3E+3 1,3E+3 1,7E+3 1,8E+3 3,1E+6 3,8E+5 9,3E+4 1,8E+5 1,3E+3

Yb-169   746   743 1,5E+3 1,9E+3 7,0E+5 9,1E+4 2,4E+4 4,6E+4   743
Yb-175 4,1E+3 4,1E+3 6,4E+3 7,0E+3 4,0E+6 5,7E+5 1,9E+5 3,6E+5 4,1E+3
Zn-65   406   404   792   967 5,0E+5 5,9E+4 1,4E+4 2,6E+4   404
Zn-69 8,3E+3 8,4E+3 8,4E+3 8,4E+3 1,7E+8 3,4E+7 2,8E+8 2,2E+8 8,3E+3

Zn-69m   622   617 1,4E+3 1,9E+3 7,9E+5 8,6E+4 1,8E+4 3,5E+4   617
Zr-88   676   672 1,6E+3 2,1E+3 6,0E+5 7,6E+4 2,0E+4 3,7E+4   672
Zr-93 2,0E+3 1,4E+4 1,6E+4 1,5E+4 4,7E+5 9,5E+4 1,0E+6 6,9E+5 2,0E+3
Zr-95   348   346   783 1,0E+3 3,2E+5 4,0E+4 1,0E+4 2,0E+4   346
Zr-97   164   163   356   464 2,2E+5 2,4E+4 5,0E+3 9,6E+3   163  
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Recent International Developments on 
Contamination Limits on Packages

J. Hesse, RWE Power, Germany; B.Lorenz, GNS, Germany

International ISOE Workshop Lyon 2004

1. Introduction
Reasons for a new model

2. Faibairne Model
valid as basis of the contamination limits since 1961

3. New Model
IAEA Coordinated Research Project

4. Discussion and Conclusions
are the old contamination limits appropriate?
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The Outcome of the Contamination Affair
• Loss of trust in the nuclear 

industry, no transport of spent 
fuel in Europe for a certain time, 
in Germany from 1998 until 2001.

• However, none of the 
contamination findings led to any 
remarkable dose

• Are the actual contamination 
limits really appropriate?
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Contamination Control

• Authorities : 
Limits are limits! Thus:
There shall be no non-
compliance during the 
whole transport. 

• Industry : 
internal guidance values: 
1/2 to 1/10 of the limits
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Proposals 2000

• “limit“ change into a (guidance) “level”
– rejected

• contamination control before transport only
– rejected

• take credit of a transport hood
– rejected

• neglect soft energy beta emitters
– TS-G-1.1 adopted

• check and renew modelling
– (⇒ CRP)

• advice for measurement
– (⇒ CRP)
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IAEA CRP on 
Radiological Aspects of Package and 

Conveyance Non-Fixed 
Contamination

B.Lorenz, GNS GmbH
J. Hesse, RWE Power AG, M. 
Holl, Kernkraftwerk Mülheim-
Kärlich, RWE Power AG
W. Schwarz,Kernkraftwerke
Isar, E.ON Kernkraft GmbH
S. Thierfeldt, Brenk
Systemplanung GmbH, 
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2. The Fairbairne Model
Basis of our actual limits of 4 Bq/cm² and 0.4 Bq/cm² (alpha

emitters); developed in 1961

How had the actual limits been derived?

• “most hazardous radioisotopes in common use”: Pu 239, Ra 
226, Sr 90.

• “very dusty operations” with a resuspension factor of 4⋅10-5 m-1

• 2000 hours per year working in that “dusty” atmosphere

• taking into account skin contamination and inhalation only

• 50 mSv/a as basis for deriving the contamination limits

• no considerations of the doses of members of the public
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3. Steps on the way to a new
model
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General Modelling Requirements

world wide transport in all countries

all kinds of packages

realistic, representative, conservative

direct modelling

objective: derived limits
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Transport Steps and Actions

1. Final Inspection Consignor

Starting point. Preparation of package not included, as this is done 
under the regime of the nuclear facility. Final inspection ensures 
compliance with transport regulations.

1.1  visual inspection
1.2  dose rate measurement
1.3  (final) contamination measurement
1.4  labelling of package
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Transport Steps and Actions
2. Loading onto Conveyance

All kind of conveyances:
lorry, train, car

2.1  internal transport from site to conveyance
2.2  fastening, loading, lifting and fixing
2.3  dose rate measurement at conveyance
2.4  contamination measurement of conveyance
2.5  placarding of conveyance
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Transport Steps and Actions
3. Movement Phase

3.1 movement 
(with packages)

3.2  unforeseen 
interruptions

exposure for members of 
the public: 

3.1a road
3.1.b rail
3.1.c sea
3.2 interruptions
3.3 regular stops
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Transport Steps and Actions
4. Transfers

Could happen more than 
one time; for the ease of the 
model it happens only once.

4.1 unloading (incl. sub-steps) from conveyance #1
4.2 loading (incl. sub-steps) on conveyance #2
4.3 regular stops
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Transport Steps and Actions

5. Inspection consignee and unloading

5.1  visual inspection
5.2  dose rate measurement conveyance
5.3  unfixing, fastening, lifting, unloading
5.4  transfer from conveyance to consignee   
5.5  dose rate measurement package
5.6  contamination measurement package
5.7  contamination measurement empty 

conveyance

spot check only, approximately 30% 
of consignors inspection
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Package Type Parameter

Package / container type Dimensions total volume total surface area 
SM: small manual (parcel) 0.3 x 0.3 x 0.3 m³ 0.03 m³ 0.5 m² 
SR: small remote (200 l drum) height 0.9 m, diameter 0.6 m 0.25 m³ 2.3 m² 
LR: large remote (20’ container) 5.9 x 2.4 x 2.4 m³ 34 m³ 68 m² 
FF: fuel flask (with fins) length 6 m, diameter 2.5 m 29 m³ 130 m² (incl. fins) 
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Transport Steps and
Workers assigned to Tasks (1)

Workers
Main Step Action

Persons
involved SM SR LR FF

1.1 Visual inspection A A A A

1.2 Dose rate meas. A A A A

1.3 Contamination measurement (final meas.) A A A A

1.4 Labelling of package A A A A

2.1 Transfer from site to conveyance C BC BC B

2.2 Fastening, loading, lifting and fixing C BC BC B

2.3 Dose rate meas. at conveyance AC AC A A

2.4 Contamination meas. of conveyance AC AC A A

2.5 Placarding of conveyance AC AC A A

3.1 Movement (with packages) C C C C

3.2 Unforeseen interruptions C C C C

3.1a Movement, public, road/rail no no no no

3.1b Movement, public, air no no no no

3.1c Movement, public, sea no no no no

3.3 Regular stops no no no no

Public

Personnel3. Movement phase

Personnel2. Loading onto conveyance

Personnel1. Final Inspection of Package
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Transport Steps and
Workers assigned to Tasks (2)

Workers
Main Step Action

Persons
involve

d SM SR LR FF

4.1 Unloading (incl. sub-steps) from conv. #1

4.1.1 dose rate & contam. meas. no F H H

4.1.2 unfixing, fastening, lifting F F FG FG

4.2 Loading (incl. sub-steps) on conv. #2

4.2.1 transfer, loading, fixing F F FG FG

4.2.2 dose rate meas. at conveyance F F H H

4.2.3 contamination meas. of coveyance F F H H

4.2.4 placarding of conveyance F F F F

4.3 Regular stops Public no no no no

5.1 Visual inspection of load T T T T

5.2 Dose rate meas. conveyance no no no T

5.3 Unfixing, fastening, lifting, unloading C CU CU U

5.4 Transfer from conveyance to consignee C CU CU U

5.5 Dose rate measurement package T T T T

5.6 Contamination meas. package no T T T

5.7 Contamination meas. empty conveyance no no T T

Personnel5. Receiving inspection 
and unloading

Personnel
Public

4. Transfers during 
transport
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The Model - Personnel (1)
General Parameters

• Enveloping conditions used
– high percentage of workday spent with packages

– large number of packages

Parameter value for:
Parameter unit SM SR LR FF

number of days per year d/a 250 250 250 250
working hours per day h/d 8 8 8 8
annual working time h/a 2000 2000 2000 2000
cutoff annual working time [-] 75% 75% 75% 75%
number of loads handled per day 1/d 2* 1* 1 1 0.5
packages per conveyance [-] 25* 100* 42 (25)** 1 1
packages per year 1/a 25,000 6,250 250 125
geometry of packages on conveyance 2 layers of 15/10

packages
2 layers of 3x7

drums
1 container 1 fuel flask

*) either 1 load of 100 packages or 2 loads of 25 packages per day – differences in the type of conveyance are assumed
**) It is assumed that a load consists of 42 packages of which 25 are handled by a single worker



1
8

Exposure Pathways

• External irradiation
– from the removable surface contamination 
– not by the contents of the package

• Inhalation of radioactive aerosols 
– re-suspended from the contaminated surface

• Ingestion
– via a hand-to-mouth pathway

• Skin contamination
– resulting from direct skin contact with the 

contaminated surface.
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Detailed Parameters

1.1 Visual inspection SM SR LR FF
exposure time per package texp,s min 0,5 1 5 10
exposure time per year texp,total h/a 208 175 21 21
persons involved A A A A
distance to package lextirr m 1 1 1 1
number of packages 1 1 1 1
exposure geometry 24 14 20 20
resuspension rate fresus 1/h 1,00E-04 1,00E-04 1,00E-04 1,00E-04
act. conc. air (room) 1 Bq/cm², 1 package Aair,room Bq/m³ 1,08E-03 4,52E-03 1,70E-02 3,25E-02

Example workers: Step 1.1

Example public: Step 3
Parameter values for package type

Step SM SR LR FF
Exposure time (h) 5 5 5 53.1a Movement during trans-

port –road/rail
Distance (m) 5 5 5 5

Exposure time (h) 50 5 - -3.1b Movement during trans-
port – air

Distance (m) 1.5 1.5 - -
Exposure time (h) 250 250 250 -3.1c Movement during trans-

port – sea
Distance (m) 10 10 10 -

Exposure time (h) 10 10 10 103.2 Unforeseen interruptions

Distance (m) 10 10 10 10
Exposure time (h) 10 10 250 2503.3 Regular stop

Distance (m) 5 5 50 50
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Results - Example of Spreadsheet 
Calculation - Co 60

Dose Calculation Workers, Nuclide Sv/a per 1 Bq/cm²

Co-60
EXTERNAL INHALATION GROUND SHINE TOTAL

Step small man. small rem. large rem. fuel flask small man. small rem. large rem. fuel flask small man. small rem. large rem. fuel flask small man. small rem. large rem.
1.1 Visual inspection 4,8E-08 3,0E-07 2,5E-07 2,5E-07 2,6E-09 9,1E-09 4,1E-09 7,8E-09 5,8E-07 4,9E-07 5,8E-08 5,8E-08 6,3E-07 8,0E-07 3,1E-07
1.2 Dose rate meas. 2,9E-07 3,0E-06 1,5E-06 1,1E-06 1,6E-08 9,1E-08 2,5E-08 3,5E-08 3,5E-06 4,9E-06 3,5E-07 2,6E-07 3,8E-06 8,0E-06 1,9E-06
1.3 Contamination meas. (final meas.) 3,7E-07 2,5E-06 2,8E-06 1,4E-06 5,2E-09 2,7E-08 2,5E-08 2,3E-08 1,2E-06 1,5E-06 3,5E-07 1,8E-07 1,5E-06 4,0E-06 3,1E-06
1.4 Labelling of package 1,1E-07 8,2E-07 1,8E-07 9,2E-08 1,6E-09 9,1E-09 1,6E-09 1,6E-09 3,5E-07 4,9E-07 2,3E-08 1,2E-08 4,6E-07 1,3E-06 2,1E-07
2.1 Transfer from site to conveyance 4,6E-07 8,9E-07 5,0E-07 1,9E-07 1,4E-09 1,4E-08 4,1E-09 1,2E-08 5,8E-07 1,5E-06 1,2E-07 1,8E-07 1,0E-06 2,4E-06 6,2E-07
2.2 Fastening, loading, lifting and fixing 3,8E-06 6,3E-06 2,5E-07 1,5E-06 1,0E-09 3,3E-09 3,9E-11 5,3E-10 5,8E-07 2,0E-06 5,8E-08 3,5E-07 4,3E-06 8,3E-06 3,1E-07
2.3 Dose rate measurement at conveyance 9,2E-08 3,8E-07 2,5E-07 7,5E-07 0,0E+00 2,0E-10 3,9E-11 2,6E-10 5,8E-08 1,2E-07 5,8E-08 1,8E-07 1,5E-07 4,9E-07 3,1E-07
2.4 Contamination measurement of conveyanc 1,8E-09 1,9E-07 4,6E-07 7,5E-07 0,0E+00 9,8E-11 3,9E-11 2,6E-10 1,2E-09 5,8E-08 5,8E-08 1,8E-07 3,0E-09 2,5E-07 5,2E-07
2.5 Placarding of conveyance 3,7E-08 7,5E-08 1,0E-07 1,3E-07 0,0E+00 3,9E-11 1,6E-11 4,4E-11 2,3E-08 2,3E-08 2,3E-08 2,9E-08 6,0E-08 9,8E-08 1,2E-07
3.1 Movement (with packages) 2,6E-06 3,4E-06 5,5E-06 3,5E-07 9,3E-07 0,0E+00 0,0E+00 0,0E+00 0,0E+00 0,0E+00 0,0E+00 0,0E+00 3,6E-06 3,4E-06 5,5E-06
3.2 Unforeseen interruptions 4,4E-09 9,0E-09 1,2E-08 1,2E-08 0,0E+00 4,7E-12 1,9E-12 4,2E-12 0,0E+00 0,0E+00 0,0E+00 0,0E+00 4,4E-09 9,0E-09 1,2E-08
4.1.1 dose rate & contamination measurement 0,0E+00 1,9E-07 2,5E-07 5,0E-07 0,0E+00 9,8E-11 3,9E-11 1,8E-10 0,0E+00 5,8E-08 5,8E-08 1,2E-07 0,0E+00 2,5E-07 3,1E-07
4.1.2 unfixing, fastening, lifting 7,5E-06 1,1E-05 7,5E-07 7,5E-07 4,0E-08 3,4E-08 1,2E-10 2,6E-10 1,2E-06 3,4E-06 1,8E-07 1,8E-07 8,7E-06 1,4E-05 9,3E-07
4.2.1 transfer, loading, fixing 7,5E-06 1,1E-05 7,5E-07 7,5E-07 4,0E-08 3,4E-08 1,2E-10 2,6E-10 1,2E-06 3,4E-06 1,8E-07 1,8E-07 8,7E-06 1,4E-05 9,3E-07
4.2.2 dose rate measurement at conveyance 9,2E-08 3,8E-07 2,5E-07 2,5E-07 1,0E-10 2,0E-10 3,9E-11 8,8E-11 5,8E-08 1,2E-07 5,8E-08 5,8E-08 1,5E-07 4,9E-07 3,1E-07
4.2.3 contamination measurement of coveyanc 1,8E-09 1,9E-07 2,5E-07 2,5E-07 2,0E-12 9,8E-11 3,9E-11 8,8E-11 1,2E-09 5,8E-08 5,8E-08 5,8E-08 3,0E-09 2,5E-07 3,1E-07
4.2.4 placarding of conveyance 3,7E-08 7,5E-08 1,0E-07 1,3E-07 4,0E-11 3,9E-11 1,6E-11 4,4E-11 2,3E-08 2,3E-08 2,3E-08 2,9E-08 6,0E-08 9,8E-08 1,2E-07
5.1 Visual inspection of load 3,1E-09 2,4E-08 2,5E-07 8,3E-08 3,3E-12 2,0E-11 3,9E-11 2,9E-11 1,9E-09 1,2E-08 5,8E-08 1,9E-08 5,0E-09 3,5E-08 3,1E-07
5.2 Dose rate measurement conveyance 0,0E+00 0,0E+00 0,0E+00 2,5E-07 0,0E+00 0,0E+00 0,0E+00 8,8E-11 0,0E+00 0,0E+00 0,0E+00 5,8E-08 0,0E+00 0,0E+00 0,0E+00
5.3 Unfixing, fastening, lifting, unloading 3,8E-06 4,0E-06 2,5E-07 1,5E-06 2,0E-08 2,0E-08 3,9E-11 5,3E-10 5,8E-07 2,0E-06 5,8E-08 3,5E-07 4,4E-06 6,0E-06 3,1E-07
5.4 Transfer from conveyance to consignee 4,6E-07 8,9E-07 5,0E-07 7,5E-07 2,0E-10 3,5E-10 7,9E-11 7,9E-10 5,8E-07 1,5E-06 1,2E-07 1,8E-07 1,0E-06 2,4E-06 6,2E-07
5.5 Dose rate measurement package 9,6E-10 9,9E-07 5,0E-07 7,5E-07 4,0E-12 3,9E-10 7,9E-11 2,6E-10 1,2E-08 1,6E-06 1,2E-07 1,8E-07 1,3E-08 2,6E-06 6,2E-07
5.6 Contamination measurement package 0,0E+00 2,5E-06 2,5E-07 5,0E-07 0,0E+00 3,5E-10 3,9E-11 1,8E-10 0,0E+00 1,5E-06 5,8E-08 1,2E-07 0,0E+00 3,9E-06 3,1E-07
5.7 Contamination measurement empty convey 0,0E+00 0,0E+00 2,5E-07 7,5E-07 0,0E+00 0,0E+00 3,9E-12 2,6E-11 0,0E+00 0,0E+00 5,8E-08 1,8E-07 0,0E+00 0,0E+00 3,1E-07

Maximum 7,5E-06 1,1E-05 5,5E-06 1,5E-06 9,3E-07 9,1E-08 2,5E-08 3,5E-08 3,5E-06 4,9E-06 3,5E-07 3,5E-07 8,7E-06 1,4E-05 5,5E-06

Grand Dose Ext + Inh (Sv/a per 1 Bq/cm²) annual working time (h/a) Time corr. + Skin+Ing (Sv/a)/(
Total doses for person total small man. small rem. large rem. fuel flask small man. small rem. large rem. fuel flask small man. small rem. large rem.

A 6,6E-06 1,5E-05 6,5E-06 5,4E-06 2030 2696 329 317 5,7E-06 9,1E-06 7,2E-06
B 0,0E+00 1,1E-05 9,3E-07 2,2E-06 0 1225 63 188 7,7E-07 1,1E-05 1,7E-06
C 1,5E-05 2,3E-05 7,4E-06 3,6E-07 1464 3122 726 601 1,5E-05 1,2E-05 8,2E-06
E 0,0E+00 0,0E+00 0,0E+00 0,0E+00 0 0 0 0 7,7E-07 7,7E-07 7,7E-07
F 1,8E-05 3,0E-05 2,0E-06 2,0E-06 863 2542 133 135 1,8E-05 1,9E-05 2,7E-06
G 0,0E+00 0,0E+00 1,9E-06 1,9E-06 0 0 125 125 7,7E-07 7,7E-07 2,6E-06
H 0,0E+00 0,0E+00 9,3E-07 1,2E-06 0 0 63 83 7,7E-07 7,7E-07 1,7E-06
T 1,8E-08 6,6E-06 1,5E-06 2,9E-06 5 1113 104 194 7,9E-07 7,4E-06 2,3E-06
U 0,0E+00 8,3E-06 9,3E-07 2,8E-06 0 1225 63 188 7,7E-07 9,1E-06 1,7E-06

max 1,8E-05 3,0E-05 7,4E-06 5,4E-06 2030 3122 726 601 1,8E-05 1,9E-05 8,2E-06
person F F C A A C C C F F C

PERSONS WORKING TIME (h/a) OTHER DOSE CONTRIBUTIONS
small man. small rem. large rem. fuel flask small man. small rem. large rem. fuel flask small man. small rem. large rem. fuel flask

A A A A 208 175 21 21 Ingestion, Sv/a per 1 Bq/cm²
A A A A 1250 1750 125 94 6,8E-07 6,8E-07 6,8E-07 6,8E-07
A A A A 417 525 125 63 Skin dose hands, Sv/a per 1 Bq/cm², 4h/d
A A A A 125 175 8 4 4,2E-08 4,2E-08 4,2E-08 4,2E-08
C BC BC B 208 525 42 63 Skin dose face, Sv/a per 1 Bq/cm²
C BC BC B 208 700 21 125 5,2E-08 5,2E-08 5,2E-08 5,2E-08

AC AC A A 21 42 21 63
AC AC A A 0,4 20,8 20,8 62,5
AC AC A A 8 8 8 10
C C C C 600 600 600 600
C C C C 1 1 1 1
no F H H 0 21 21 42
F F FG FG 417 1225 63 63
F F FG FG 417 1225 63 63
F F H H 21 42 21 21
F F H H 0,4 20,8 20,8 20,8
F F F F 8 8 8 10
T T T T 1 4 21 7

no no no T 0 0 0 21
C CU CU U 208 700 21 125
C CU CU U 208 525 42 63
T T T T 4 583 42 63

no T T T 0 525 21 42
no no T T 0,0 0,0 20,8 62,5

Transport level (Bq/cm²)
small man. small rem. large rem. fuel flask

  352   221   276   323
2,6E+3   175 1,2E+3   667

  130   168   245 1,8E+3
2,6E+3 2,6E+3 2,6E+3 2,6E+3

  109   108   728   720
2,6E+3 2,6E+3   762   762
2,6E+3 2,6E+3 1,2E+3   996
2,5E+3   271   863   548
2,6E+3  220 1,2E+3  563

 109  108  245  323
Total  108,02

Nuclide
name

model
steps

results for
external exp.

results for
inhalation

results for
ground shine

summation

workers
involved

working time

other dose
contributions

grand total 
on dose

person total on work
time

time correct-
ed dose

derived
transport level
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Results (2) Overview

Contamination levels derived from 2mSv/a for workers, 0.3 mSv/a for general public

Cm-241   303  474 1,0E+3 1,1E+3 1,1E+5 1,9E+4 1,5E+4 2,6E+4  303
Cm-242   4   49   67   55   895   182 2,0E+3 1,3E+3   4
Cm-243  0,7   8   10   8   150   31   329   223  0,7
Cm-244  0,8   9   12   10   172   35   380   257  0,8
Cm-245  0,5   6   7   6   111   23   244   165  0,5
Cm-246  0,5   6   7   6   111   23   244   165  0,5
Cm-247  0,6   6   8   7   119   24   260   177  0,6
Cm-248  0,1  1,6  2,1  1,7   31   6   68   46  0,1
Co-55   135   134   305   407 1,8E+5 1,9E+4 4,0E+3 7,6E+3   134
Co-56   81   80   185   249 9,7E+4 1,1E+4 2,3E+3 4,5E+3   80
Co-57 2,3E+3 2,2E+3 4,9E+3 6,4E+3 2,3E+6 2,8E+5 6,8E+4 1,3E+5 2,2E+3
Co-58   270   268   621   834 3,2E+5 3,6E+4 7,9E+3 1,5E+4   268

Co-58m 1,2E+5 1,3E+5 1,3E+5 1,3E+5 3,5E+8 7,1E+7 3,1E+8 3,5E+8 1,2E+5
Co-60   109   108   245   323 1,1E+5 1,3E+4 3,2E+3 6,1E+3   108
Cr-51 8,2E+3 8,2E+3 1,8E+4 2,4E+4 1,0E+7 1,1E+6 2,4E+5 4,7E+5 8,2E+3

Cs-129   893   886 2,1E+3 2,8E+3 1,2E+6 1,2E+5 2,6E+4 4,9E+4   886
Cs-131 7,7E+3 7,7E+3 1,7E+4 2,2E+4 1,0E+7 1,1E+6 2,4E+5 4,6E+5 7,7E+3
Cs-132   362   359   836 1,1E+3 4,7E+5 5,0E+4 1,0E+4 2,0E+4   359
Cs-134   129   128   227   266 1,7E+5 2,0E+4 4,9E+3 9,3E+3   128

Cs-134m 6,4E+3 6,4E+3 1,1E+4 1,2E+4 1,2E+7 1,2E+6 2,6E+5 5,0E+5 6,4E+3
Cs-135 4,0E+3 4,6E+3 4,6E+3 4,6E+3 6,7E+6 1,4E+6 1,5E+7 1,0E+7 4,0E+3
Cs-136   122   121   274   363 1,6E+5 1,7E+4 3,6E+3 6,9E+3   121
Cs-137   284   283   439   487 3,8E+5 5,0E+4 1,3E+4 2,5E+4   283
Cu-64 1,3E+3 1,3E+3 2,8E+3 3,6E+3 1,8E+6 1,9E+5 4,0E+4 7,6E+4 1,3E+3
Cu-67 1,5E+3 1,5E+3 2,4E+3 2,7E+3 2,3E+6 2,9E+5 7,0E+4 1,3E+5 1,5E+3
D 159 4 8E+3 4 8E+3 1 1E+4 1 4E+4 4 3E+6 5 5E+5 1 4E+5 2 7E+5 4 8E+3

Derived Level Workers [Bq/cm²] Derived Level Public [Bq/cm²]
Nuclide W-SM W-SR W-LR W-FF P-SM P-SR P-LR P-FF Overall Min.

Doses are determined by worker scenarios
Leading scenarios for package types are SM, SR
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4. Discussion and Conclusions

dose criteria 6 mSv/a 2 mSv/a

contamination Bq/cm² Bq/cm²
• Co-60 324 108
• Cs-137 849 283
• Sr-90 648 216
• Ra-226 6,6 2,2
• Pu-239 1,2 0,4
• Fe-55 56 000 19 000

Sample results

•The results depend strongly on the radionuclide

•Even derived from a constraint of 2 mSv/a we get values much
higher than 4 Bq/cm² for radionuclides of importance in practice

Note: Fairbairne derived the actual limit from 50 mSv/a.
This would mean 2 700 Bq/cm² for Co-60.
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Optimum
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Annual doses due to 4Bq/cm²
the most exposed workers

Small manual Small remote Large remote Fuel Flask

Co-60 73 µSv/a 74 µSv/a 33 µSv/a 25 µSv/a

28 µSv/a 28 µSv/a 18 µSv/a 16 µSv/aCs-137

a member of the public

Small manual Small remote Large remote Fuel flask

Co-60 0,011 µSv/a 0,092 µSv/a 0,375 µSv/a 0,197. µSv/a

0,003 µSv/a 0,024 µSv/a 0,092 µSv/a 0,048 µSv/aCs-137

calculated with the assumption that the entire
surface of all packages is contaminated up to
4 Bq/cm²
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Comparision of doses for fuel flasks

dose due to contamination of 4Bq/cm²Potential
assumed
125 flasks/a

4 Bq/cm² 25 µSv/a 0.2 µSv/flask

Real doses due to the measures to ensure
compliance with 4 Bq/cm²:

~ 1mSv/(flask*person)  German NPPs

This is no optimum!
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New Limits ???

When setting new limits also other arguments
have to be taken into account:

• A reached level of cleanliness should not be given up without 
reason.

• The dose due to contamination should be only a part of the 
dose for the whole process.

• The contamination limits for transports should be in 
compliance with the contamination limits in the receiving 
facilities.

• New contamination limits must be justifiable also in a political
debate with the public
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Final conclusion

The new international model of the IAEA CRP suggests

• to chose the new model as basis for the 
contamination limits.

• to change to a radionuclidspecific limitation

• to use an appropriate constraint (e.g. 2mSv/a) for the 
derivation of the limits
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However……..
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Life could be 
so beautiful

...if 
everybody 
had the same 
opinion.
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Radiological principles for 
transportation 
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Radiological principles for transportation
Applicable requirements come from IAEA Regulation for 
the Safe Transport of Radioactive Material

This Regulation is based on the International Basic Safety 
Standards for Protection Against Ionising Radiation and for 
the Safety of Radiation Sources (IAEA SS No. 115)

To manage and restrict the radiological exposure of people 
(workers and members of the public) : 

Maximum radiation levels around radioactive packages and 
conveyances are prescribed at contact and distances 

Labelling is prescribed on packages giving information on 
radiation levels

Maximum contamination levels of external surfaces of 
radioactive packages and conveyances are prescribed

Loss of radioactive material during routine and normal 
condition of transport is restricted  

Segregation distances are prescribed between radioactive 
material and workers or members of the public 

Radiation protection programmes have to be established and  
enforced 
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at contact 

at 1m

P
A
C
K
A
G
E

Applicable limits in the case of shipments  under “exclusive use” :
(1) : < 10 mSv/h at contact, if no loading or unloading of the package during the shipment, 
the vehicle is equipped with an enclosure to prevent the access of unauthorised persons, 
and the packages are securely stowed in a way that they cannot move during shipment 
(2) : No prescribed limit

No prescription

0,1 mSv/h (2)
(TI< 10)

Excepted 
packages

IP-1, IP-2, IP-3
type A
type B
type C

0,005 mSv/h

2 mSv/h (1) 

Maximum radiation level at contact

Maximum radiation levels around radioactive 
packages

Maximum radiation level at 1 m

Excepted 
packages

IP-1, IP-2, IP-3
type A
type B
type C
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at contact 

at 2 m

C
o
n
v
e
y
a
n
c
e

Occupational exposure for the driver managed by complying with the applicable 
Radiation Protection Programme

No prescription

0,1 mSv/h

Excepted 
packages

IP-1, IP-2, IP-3
type A
type B
type C

2 mSv/h

Maximum radiation level at contact

Maximum radiation levels around radioactive 
conveyances

Maximum radiation level at 2 m

Excepted 
packages

IP-1, IP-2, IP-3
type A
type B
type C

No prescription
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Labelling of radioactive packages

category label Radiation
level at
contact

Radiation
level at
1 m

I WHITE ≤ 5 µSv/h ≤ 0,5 µSv/h

II YELLOW ≤ 0,5 mSv/h ≤ 10 µSv/h

III YELLOW ≤ 10 mSv/h No limit
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Co-60, Cs-137
10 TBq

0,6
10 cm

Labelling of radioactive packages

Transport index = 100 x radiation level (in mSv/h) at 1 m

Category II YELLOW
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Contamination limits for external surfaces

External surface of 
any radioactive package
and  surface of vehicle

β and γ emitters 
and low toxicity 

α emitters Other α emitters

0,4 Bq/cm2 0,04 Bq/cm2

4 Bq/cm2 0,4 Bq/cm2

External surface of 
radioactive packages
and  surface of vehicle
in case of shipment with 
non radioactive goods
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P
A
C
K
A
G
E

Sum of
transport indexes

2
4
8
12
20

Workers (example) 

Segregation distances between radioactive 
packages and persons

Member of the 
public : less 

than 1 mSv/y

Worker : less 
than 5 mSv/y

Distances for an exposure
time per year of 250 hours

1 m
1,5 m
2,5 m
3 m
4 m

Sum of
transport indexes

2
4
8
12
20

Distances for an exposure
time per year of 250 hours

3 m
4 m
6 m
7,5 m
9,5 m

Members of the public (example)
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Radiation Protection Programme
RPPs are required for each steps of the shipment including 
loading at consignor facility and unloading at consignee facility

RPPs shall be documented 
scope

roles and responsibilities

dose assessment

surface contamination assessment

dose limits, dose constraints and optimisation

segregation distances

emergency response

training

quality assurance

Occupational exposures
not exceeded 1 mSv/y : no dose assessment programme 

between 1 and 6 mSv/y : dose assessment programme

upon 6 mSv/y : dose assessment programme and individual 
monitoring
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Major objectives for the designer of a 
package for radioactive material
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What is Optimisation for Radioactive Transport 
activities ?  

When large quantities of RAM have to be shipped, because of the 
existing rules listed before (segregation distances) the optimisation 
for radiological exposure is more the reduce of the number of 
shipment than the reduce of the radiation level around the packages:

designing a package with the objective of reducing the radiation level 
around it generally lead to make it heavier or reduce its load capacity

reducing the load capacity of the packages lead to increase the number 
of shipments

increasing the number of shipments increase the time of exposure of 
both members of the public and workers and increase the probability of 
an accident     

That is why, designers generally choose to design packages in such 
a way that the number of shipments will be as low as possible taking 
into account of the allowable limits for weight and dimensions for 
the considered transport mode and for handling in nuclear facilities 

in this case, generally one of the radiation level limits prescribed by the 
transport regulation is reach at optimum loading (for large package this 
limit is that prescribed à 2 m from the means of transport)
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What is Optimisation for Radioactive Transport 
activities ?  

For the operation of these large packages in NPP, because of 
their high radiation level, design and procedures have to be 
optimised to minimised time of operators at low distances to 
reduce as low as possible the dose intake .

Examples of new designs with improvements of operating 
procedure leading to the reduction of the dose intake of NPP 
operators are TN-112, designed for the shipment of 12 MOX 
SFA, and MX packages designed for the shipment of fresh MOX 
FA. 
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Operation of packages for irradiated 
nuclear fuel in NPP 
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Comparison between two types of flasks for the 
shipment of irradiated nuclear fuel

COGEMA LOGISTICS is designing a new flask for the 
shipment of MOX irradiated nuclear fuel (TN-112) from 
EDF NPP to La Hague facility;

Currently, the flask which is used is the TN-12/2, which 
have been designed 25 years ago  

The main differences between the two designs are :
12 MOX assemblies instead of 4 

filling, emptying, venting, drying trough one orifice instead 
of 3 

external surfaces protection and decontamination easier

duration of operation at contact reduced

dose intake reduced by 50% for the loading and 
consignment of 12 MOX SNF assemblies
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Comparison between two types of flasks for the 
shipment of irradiated nuclear fuel

COGEMA LOGISTICS designed a new family of flasks for 
the shipment of MOX fresh nuclear fuel (MX- flasks) from 
MOX plants to NPPs;

Currently, the flasks which are used are FS-69, which 
have been designed 18 years ago  

The main differences between the two designs are :
Containment by the package instead of only by the rods 

Vertical loading and unloading instead of lateral 

MX is a much more safer package in accident condition of 
transport than FS-69

Global doses of a round trip for the shipment of 8 MOX FA 
is reduced.
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Packaging for irradiated fuel
Current design : TN 12/2 family 

»Filling, emptying and drying using several orifices
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Main on-site operations

»Closure operations »Controls & casks preparation

»Empty cask transfering »Lid removal

transportation systems controls - cask transfer - cask preparation for loading 
operation - transfer into pool - loading of SFA and inspection - repositioning of lids 
- draining, drying  - controls - cask preparation for shipment
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NPP On-site loading operations:
New design (example :TN™ 52 L)

»Filling, emptying and drying by the same orifice
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Operation during shipment of 
irradiated nuclear fuel
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Transport operations example 

»Valognes rail-road terminal

»Departure from NPP
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Shipment to Reprocessing Facility

»Unloading at la Hague
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Unloading operations at reprocessing 
facility 
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COGEMA-La Hague unloading operations

»Wet unloading (NPH)

»Dry Unloading (TO)

»T0»Transfer to 
unloading 

facility

»Empty cask
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Unloading at COGEMA-La Hague : TN™ 52 L

»Wet unloading (NPH pool)
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Operation of packages for fresh MOX 
fuel assemblies 
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Current design : FS-69 package 

FS69 Cask

2 PWR MOX fuel 
assemblies per package

8 PWR MOX fuel 
assemblies per shipment
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New design : MX packages

The MX8 packaging with its basket
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TRANSPORT AND OPERATIONS IN POWER 
PLANT  - MX8 -

MX8  packaging on the truck 

Handling of the package at NPP 
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TRANSPORT AND OPERATIONS IN POWER 
PLANT  - MX6 -

MX6  packaging and  transport frame
unloading  from the truck 

Removing of the transport 
frame flanges and

of the shock absorbing covers 
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TRANSPORT AND OPERATIONS IN POWER 
PLANT  - MX6 -

» MX6  titling at  ground floor
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TRANSPORT AND OPERATIONS IN POWER 
PLANT  - MX6 -

»MX6  lift-up to 20.5m level
»MX6 positioning inside

» the decontamination box
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TRANSPORT AND OPERATIONS IN POWER 
PLANT  - MX6 -

Unscrewing and removing of the lid
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TRANSPORT AND OPERATIONS IN POWER 
PLANT  - MX6 -

Clamping systems unscrewing.. Clamping systems removal
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TRANSPORT AND OPERATIONS IN POWER 
PLANT  - MX6 -

MX6 handling to the
decontamination box

for  radiological controls
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Operational doses comparison 
between old and new designs -
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CONCLUSION

The design of new packages shall take into account the 
limitation and reducing of doses in any condition 
(normal and accidental) for:

workers at consignor’s facilities

workers of carriers

public during transportation

workers at consignee’s facilities

Objectives for decrease of exposure have to be achieve 
for each of these people, and not only one part of them

The results shows that appreciable improvements are 
done for the global exposure of peoples (workers and 
public) with new package designs even if these 
improvements are not obvious from the point of view of 
parts of these people  
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Summary 
ALARA studies performed by EDF plants are quite simple and empirical. Most often, feedback 
experience and common sense, with the help of simple calculations allow reaching useful and efficient 
decisions. This is particularly the case when the exposure situations are not complex, within a simple 
environment and with a single source, or one major source. However, in more complex cases this is not 
enough to guarantee that actual ALARA solutions are implemented. EDF has then decided to use its 
national corporate engineering as a support for its sites. That engineering support is in charge of using 
very efficient tools such as PANTHER-RP. The objective of the presentation is to describe the 
engineering process and tools now available at EDF, to illustrate them with a few case studies and to 
describe the goals and procedures set up by EDF.  
 
 
1.  A strong EDF commitment to facilitating ALARA implementation on sites:  

the corporate engineering support  
 
1.1  Initial situation 
 
ALARA studies performed by EDF plants are quite simple and empirical. Most often, feedback 
experience and common sense, with the help of simple calculations allow reaching useful and efficient 
decisions. This is particularly the case when the exposure situations are not complex, within a simple 
environment and with a single source, or one major source. 
 
However, in some cases this is not enough to guarantee that actual ALARA solutions are implemented. 
Common sense is not able to handle complex situations when many sources contribute to the dose rate at 
the workplace, when the workloads at the same workplace are very different from one outage to the other 
and when some old materials may be removed or new ones installed during an operation, modifying then 
the radiological context. Furthermore the single use of feedback experience may lead to maintain 
practices without taking care of progresses due to technological and knowledge improvements. Therefore, 
it is then necessary to perform more complex analysis relying on the use of quite sophisticated 
radiological protection software’s and codes. Such codes are not available at the site level, where there 
are no resources (specialists and time) to use them. 
 
1.2 Objectives and Resources 
 
Since 1991, EDF has established a national ALARA programme with a very effective result in terms of 
dose reduction. Of course, EDF management has decided to further improve occupational exposure 
management and dose reduction (both collective and individuals). One key element allowing reaching the 
new goals is the set up of a national corporate engineering as a support for EDF sites for quite usual 
interventions.  
 
That engineering support consists of a growing up team comprising at the moment about ten engineers, 
including CAD specialists and health physicists. It is in charge of using very efficient tools such as 
PANTHER-RP to perform national modelling studies concerning the reactor and auxiliary buildings 
areas, which are the most costly in terms of doses. That tool has been developed initially for the first 
steam generator replacements by EDF SEPTEN engineering department. It uses up to date and friendly 



 

user 3D software’s to create a geometrical model of the concerned area with all existing materials (pipes, 
valves, concrete walls…) allowing visualising on personal computers, each area from all perspectives.  
 
Other important inputs for PANTHER RP are the quantities of radioisotopes present in each material. The 
code allows then estimating the dose rates at each location in the area, calculating the contribution of each 
equipment (i.e. sources) in the area to the dose rate in each point; calculating also the contribution of each 
radio element to the dose rates.  
 
With the help of these models, the engineering is then able to perform in depth generic work areas 
optimisation studies, taking into account the workload in each workstation. Up to recently these studies 
were performed only for huge operations such as steam generator replacements, they are now proposed to 
EDF sites for more usual interventions. The selection of these interventions takes care of - the dosimetric 
cost of the operation(s) performed at the workstation(s); - the complexity of the environment (multiple 
sources); - the repetitiveness of the jobs (either on a single unit or on several ones).  One may estimate 
that there are about ten such situations per type of reactor: operations performed in the vicinity of the 
reactor coolant valves, operations performed in the reactor pool, operations performed in the vicinity of 
the secondary side of the steam generators, maintenance interventions on the DHRS and CVCS heat 
exchangers… 
 
 
2.  The generic work stations optimisation studies: example of the work areas in the vicinity of 

the primary coolant valves. 
 
 
One example has been selected here. It concerns the possible reduction of occupational exposure at the 
workstations situated nearby the primary coolant valves (between 30 and 150 man-mSv before 
optimisation according to the contamination level of the circuits for the 900 MW units).  
 
As regards the three criteria already mentioned: 

- The dosimetric stake is important not only in terms of collective dose but also for individual 
doses, as only 15 workers are concerned.  

- Secondly, more than ten materials (or parts of) are contributing-sources to the dose rates at the 
workstation (primary pipe hot leg, primary pipe cold leg, U primary pipe, RCS / DHRS valves, 
Reactor cavity and spent fuel pit cooling and treatment system pipes…) as may be seen on the 
Figure one, which is the result of the geometric analysis with the 3D software. 

- Finally, at each outage, some inspections are performed on these valves.  
 



 

Figure 1: Location of sources in the surrounding area 
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The number and type of inspections depends on the type of outage. Three main work scenarios are 
possible: 

- Scenario 1: simplified inspection of one Reactor Coolant System/Decay Heat Removal System 
valve. 

- Scenario 2: one complete inspection and one simplified inspection of one Reactor Coolant 
System/Decay Heat Removal System valve. 

- Scenario 3: one complete inspection of two Reactor Coolant System/Decay Heat Removal 
System valves and one simplified inspection of one Reactor Coolant System/Decay Heat 
Removal System valve. 

 
The possible options are the installation of biological shielding (different thickness), optimisation of 
water movements, chemical decontamination of the RCS and DHRS valves and nearby pipes with 
different processes, flushing, and removal of active materials… 
 
The study is first performed using radiological data such as the contact dose rates and the sources 
spectrum for each material (or part of) from a representative unit (here Tricastin 1) with no specific 
pollution or hot spot.  
 
It is then possible to locate all precise positions of the workstations with regards to the different materials 
as may be seen on Figure 2. 

 



 

Figure 2:  Location of the workstations 
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Knowing the location of the workstation and the radiological environment data, PANTHERE-RP allows 
providing the contribution to the dose rate at each workstation from each source, as illustrated for the 
workstation RCP 215 VP in Figure 3.  
 

Figure 3:  Contribution to the dose rate at the workstation RCP 215 VP from each source  

RCS 43
1%

RCS valves
16%

RCS 040
30%

hot leg
23%

cold leg
6%

U pipe
0%

RHRS
11%

Primary coolant
1%

NSS 015
0% PTR

12%

 
 



 

It is then possible to provide an abacus providing the relationship between a contact dose rate (for a 
specific material) and its contribution in terms of dose rate at a workstation. This is illustrated on Figure 4 
for the impact of the source “pipe RCP040” on the dose rate at the workstation RCP 215 VP.  Taking into 
account the time spent at the workstation, and the measured dose rate on the pipe RCP 040 in a specific 
plant, the dose due to that specific material (i.e. source) is now easily estimated at the workstation RCP 
215 VP. It is also therefore quite simple for that Plant to test the efficiency in terms of dose reduction of 
protection actions such as biological shielding installation between the source and the workstation. EDF 
has set up a pragmatic decision making rule: the installation of a biological shielding is worthwhile any 
time the dosimetric cost of its installation is overcompensated by more than 20%. In the case of the pipe 
RCP 040, it has been envisaged to install 1500 x 300 mm lead blankets (6mm thick) in two thickness at 
the workstation side (option 2.1), or the same in two layers, i.e. four thickness at the workstation side 
(option 2.2). 
 

Figure 4 -  
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The combination of the three above mentioned scenarios with the two options and the decision-making 
rule lead to the following selection of option as a function of the contact dose rate on the pipe RCP 040. 
 
Table 1: Selection of biological shielding option at the workstation RCP 215 side as a function of the 
contact dose rate on RCP 040  
 
 0.2 mSv/h  ≤  d < 1 mSv/h 1 mSv/h ≤  d < 2 mSv/h 2 mSv/h ≤  d 
Scenario 1 Option 2.1 
Scenario 2 Option 2.1 Option 2.2 
Scenario 3 Option 2.1 Option 2.2 
 
The previous table shows that a simple decision tool is now provided to all 900 MW units as an output 
from the use of more sophisticated tools by the national engineering support.  
 
Another output from PANTHERE-RP is to providing the influence of each radio element, from all 
sources (and each source) on the dose rate at any workstation. This is of particular interest when 
analysing the efficiency of decontamination. In the previous example, it is foreseeable to decontaminate 
part of the circuit as shown on Figure 5 with the chemical EMMAC process. 

 



 

Figure 5: Part of the circuit to be decontaminated  

 
 
 
Figure 6: Contribution of the different radio elements to the doserate at the workstation 
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On Figure 6, one may notice that Cobalt 58 and 60 generate nearly all (92%) the dose rate at the 
workstation, in the same proportion (about 46% each).  Having in mind that recontamination from Co 58 
will reach the same level after only one operating cycle, while the level from Co60 will only be reached 
after seven cycles, it may be estimated that, even if the decontamination factor is 100%, at the end of the 
next cycle already 46% of the previous contamination will be present again in the circuit due to 
Cobalt 58.  

 
When decontamination is implemented, it will be performed after the installation of shielding and 
opening of the valves, but before the maintenance itself. The software allows then estimating a reduction 
by 45% of the collective dose for the jobs during that outage. The later years the decontamination will 
impact all the doses (including installation of shielding) but with a reduced efficiency. Therefore the 
percentage of reduction of collective dose after one year will only be 22.5% and after two years 20%. 
 



 

The decision to do or not to do decontamination is not as trivial as the one for installing the shielding as 
the estimated cost of the decontamination is 100 k€. In that case a reference monetary value of the 
avoided man milli Sievert of 1800 € is used. A cost benefit analysis is performed. It shows the importance 
of the sensitivity analysis, particularly when the ratio Cobalt 58 /Cobalt 60 varies, which is the case when 
going from one plant to another.  
 
It is then very important for each unit to be able to have quite a good knowledge of its sources spectrum. 
This will be more and more easy to do with the new portable spectrometer in test at EDF. It is then 
interesting to note that the tools developed for modelling are totally complementary to those developed 
for measuring dosimetric data.  
 
 
3.  Relationships between the site and the national engineering support  
 
As illustrated in the previous example, the studies performed by the engineering support will allow: 

• Determining the contribution of each source and radio element on each dose rate at a workstation 
• Characterising exposure situations by answering to where?, when?, and how are doses 

undertaken? 
• Identifying radiological protection options for reducing the exposures 
• Quantifying the efficiency of these options 
• Selecting the most pertinent options within an associated validity domain 

 
Of course this will only be achieved with a good co-operation between the plant teams and the national 
support. Most often, a plant originates the demand of a study after a first analysis by a local multi-
disciplinary team, including health physicists, technical specialists and when necessary operators, 
planners… After a study of the demand by the national support, a kick off meeting between the plant and 
the national engineering support allows discussing and freezing the maintenance scenarios presented by 
the plant, checking the exposed workload data provided by the plant for each scenario, defining precisely 
the position of each workstation, and discussing all available feedback experience information both on 
dose-rates and radiological protection actions performed in the same area at different occasions (in the 
plant or in other similar plants). 
As of necessity, the national corporate engineering makes then complementary spectrometry 
measurements to have a better knowledge of the spectrum of each source. 
 
All the data being made available the national engineering support proceeds to the study and issues 
several documents (radiological context presentation document, geometrical context presentation 
document by the CAD team, document on optimisation of radiological protection for each maintenance 
scenario, validation feedback document after implementation…).  
 
In the optimisation of radiological protection document the French sites are provided, as often as possible, 
with abacuses or synthetic tables allowing them to select the most adapted solution corresponding to their 
own situation.   
 
4. Conclusion 2004 2007 
 
During the next four years, most of the models corresponding to all interesting situations will be created 
both for 900 MW units and 1300 MW units. It is a very important industrial investment but there will be 
soon a return on investment by allowing quick answers to questions from the sites. In fact, the national 
support studies may take a few man-hours to a few man-months depending on the complexity of the 
situation. The modelling of more and more areas in the reactor building being available, the new demands 
from the plants will be quicker to be answered to. 
 



1

4th ISOE European Workshop 
LYON – 24-26 march 2004

EDFEDF-- Corporate ALARA engineeringCorporate ALARA engineering

Generic work areas optimization studiesGeneric work areas optimization studies

Alain QUIOT - Jacques LEBEAU



2

History (1/2)

Dose results on EDF PWR NPP decrease 
since 1991

For mean individual dose

For number of workers, whose dose is 
higher than 20 mSv a year

For collective dose
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History (2/2)

Main factors to explain the decrease: 
actions on the materials 

actions on the exploitation

actions on workplaces in establishing a national 
ALARA program in 1992 the major action was 
about 10 pilot dosing work areas optimization
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EDF Goal
To confirm this reduction needs new actions in an 
ALARA program, which mains figures are:

Systematic optimization method
Actions plan for reduction of circuit contamination by 
zinc injection or portable spectrometer development for 
instance
A new information system RP (CARTOR@D -
PREVAIR)

Set up of a national ALARA corporate engineering as 
a support for EDF plants
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Pratical current on NPP

Optimization is founded on:
Common sense

Feedback experience 

Calculations within a simple environment and a 
single source

And in particular cases, calculations made with 
Microshield

but that is limited……..
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Example



11
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A national RP corporate engineering

To be supported by a national RP corporate 
engineering, who have:

Knowledges

Methods of calculation by modelling studies

More elaborated codes (PANTHER)

Feedback from first uses (first steam generator 
replacement in 1990)
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process

Data input

RP optimization analysis in function of maintenance 
work scenarios

Validation of RP actions on the work place
and feedback

RP actions synthesis in function of maintenance 
work scenarios
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Step 1 : data input

Cartography
Cartorad data
Direct measurements

Occupational exposure time
NPP maintenance files
PREVAIR data (information RP system)

3D geometric modelling
Radiological context and model confirmation

These data permit to characterize exposures likely to 
be received.
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CARTORAD screen
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PREVAIR screen

http:// www.prevair.edf.fr
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PANTHERE screen (sources contribution 
for a workplace dose rate) RCS 215 VP)
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PTR

12% RCS 43

1%

16%

RCS 040

30%

hot leg
23%

cold leg
6%

U pipe
0%

RHRS

11%

NSS 015

0%

primary coolant

1%

RCS valves
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process

RP optimization analysis in function of maintenance 
work scenarios
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Step 2: optimization

Identification of possible RP actions
Installation of biological shielding (water or lead), 
chemical decontaminations, water movements….
Feedback of previous interventions
Use of good practice of ALARA pilot workplaces

Quantification of these actions
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Choice of a biological shielding for 
source RCS 040

0,2 ≤ dose
rate < 1 mSv/h

1 ≤ dose rate
< 2 mSv/h

2 mSv/h ≤ dose 
rate

Scenario 1 Option 1 (6 mm)

Scenario 2 Option 1 Option 2

Scenario 3 Option 1 Option 2 (12 mm)
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ALARA good practice memo
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Study of decontamination option (1)
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Study of decontamination option (2) 
comparison, optimum decontamination

workstation RCS 212 VP
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 Co-58
45%

 Fe-59
1%

 Mn-54
2%

 Sb-124
5%

 Ag-110m
1%

Autres
8%

 Co-60
46%

Study of decontamination option (3)
contribution of the different 
radioelements at the workstation
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process

Validation of RP actions on the work place
feedback
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Step 3

Validation by using on pilot partner 
site (to compare with previous 
practice)
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process

RP actions synthesis in function of maintenance 
work scenarios
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Step 4

Supply synthesis for the application 
(simple criteria)

mple work on steam generator, side secondary circuit
Choice of the best option when the circuit is empty

Scenario

Dose rate dispersion on NPP

Min Mean Max

1 OPTION 2 : 12 mm around the steam 
generator

2
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Summary (1)

Examples of studies:
Change of safety injection valves: site 

estimation 14 man.mSv, after study 7 
man.mSv

Maintenance of RHRS or RCS valves 
=> using of a new method: shielding 
under hot leg and on PTR line => 
decrease of global dose by a factor of 
20%.
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Summary (2)

Permit quantification of actions (cost benefit 
analysis)
Increase quality, show legitimacy of using 
actions (new or not), transparency for 
subcontractors or French authorities
Dose decrease
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Conclusion

After experiment in 2002 – 2003, EDF decided 
to industrialize these methods in a 2004 –
2007 program
Modelling is a important investment to win 

future dose
Using of analysis is NPP site responsibility
NPP users judged that is a good support
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Advantages of combining gamma scanning techniques and 3D dose simulation 
in dose optimisation problems. 

 
 

F.Vermeersch 
SCK•CEN, Boeretang 200, 2400 Mol, Belgium 

 
Abstract 
In this paper we present a method of combining results from gamma scanning equipment with a 3D dose 
simulation tool with the aim to achieve a reliable dose characterisation of the work site in order to 
perform dose assessment and optimisation for work planned in the area. 
A first step in any ALARA pre-job study is the radiological characterisation of the work site. 
Traditionally this is done based on 4π dose measurement and spectral analysis of sweeps or samples taken 
from the site. This method can be very tedious and dose intensive especially in complex geometries. In 
recent years equipment such as gamma cameras and gamma scanners started to appear on the market 
enabling a remote localisation of source positions and geometry. We will show how the data of the 
gamma scanning can be analysed with a 3D dose assessment tool in order to achieve a reliable source 
model for the work environment and how the source and geometry modelling information can be used in 
the dose optimisation problems. 
 
1. Introduction 
 
Planning activities in an irradiating environment involves the technical analysis of the work but also the 
assessment and optimisation of the occupational dose in order to comply with the ALARA requirements.  
This is a complex task requiring the treatment of data going from source strengths, shielding, site 
geometry, work duration to even the distribution of the work force. Optimizing the dose also means that 
different work scenarios should be compared to select the one being a good compromise between effort 
(financial, technical...) and dose reduction. Therefore, a need exists for a tool to simulate the different 
planned activities in order to evaluate the dose prior to the operation. In order to do so SCK•CEN 
developed the VISIPLAN 3D ALARA planning tool to assist the ALARA analyst in the field of dose 
assessment and optimization [1]. The tool allows making a dose assessment in a 3D environment based 
on a point-kernel calculation corrected with an infinite media build-up factor. VISIPLAN has in the past 
years proven to be a valuable tool for the ALARA analyst [2-6].  
The aim in the pre-job study is to establish an adequate radio-geometrical model of the site enabling a 
good dose calculation for the work. With adequate we mean a model with a level of detail suited for both 
calculation speed and required accuracy for the dose assessment in the field of radiation protection. 
However before any calculations can start we need to gather information on the geometry, materials and 
sources present on the site. A major part of the geometry and material information can be found in the 
technical descriptions and plans of a site. In some cases there exists the need to re-measure the positions 
and dimension of some infrastructures because they where not build according to plan or they were 
adapted during the lifetime of the site. In those cases we can resort to techniques like laser scanning to 
establish relatively quickly an as build plan in a 3D CAD format.  
The radiological characterisation of a site is more difficult to achieve. Traditionally this is done using a 
set of 4π dose measurement at different positions of the site together with spectroscopic analysis of 
sweeps or samples taken from the sources. This method can be very tedious and dose consuming for 
complex industrial environments, especially if little information is available on the geometric extend and 
exact position of the sources. The dose rate map established by direct measurement can be used to assess 
the dose, under the condition that the radiation field does not change during the operation as a 
consequence of geometry changes or source removals. When we want to predict doses in changing work 
environments we need to establish the information on source location, source strength and source 
composition. Sometimes it is possible to derive the source position, composition and geometry from the 
analysis of the technical data of the plant. Source strengths can then be derived by fitting the calculated 
dose rates to the measured dose rates; a technique applied in the source fitting routine available in 
VISIPLAN (Fig. 1.). This is a practical method but can in some cases lead to missing the contribution of 
some hot spots that where difficult to measure due to geometric restrictions (difficult to access with the 
dose measurement device).  



 
 
 

ig. 1. Example of a source strength assessment based on the dose measurements distributed over the site 

n be 

 recent years however equipments like gamma camera's and gamma scanners started appearing on the 

 

will give a short description of the gamma scanning equipment used and introduce the method 

. Gamma scanning and gamma scan interpretation 

he method to interpret gamma scans is based on the application of the EDR-scanner develop by 

t part concentrates on the visual 

 determine the isotope vector important for the 
dose assessment. The isotope vector data can be further enriched by introducing data obtained through 
spectroscopy on samples taken from the content of certain volumes. 

(a) (b) (c)

 
F
(a). The positions of the main sources (in red) are derived from the technical data of the site (b). The 
source strengths are determined by fitting calculated dose rates to the measured dose rates and can the
used to determine the dose rates at different positions in the work area (c) (dose rates expressed in 
mSv/h). 
 
In
market enabling an easier, remote localization of sources or hot spot on a site. In this paper we show how 
these devices can help in the characterisation of a site and can help to establish an adequate radio-
geometrical model of the work place. This is demonstrated on an application in an industrial environment. 
Part of the work presented here was performed as part of the VRIMOR European 5th framework program 
on "Virtual Reality for Inspection, Maintenance, Operation and Repair" where the viability of the 
integration of different technologies like gamma scanning, geometrical scanning, radio-geometrical 
modelling and human motion simulation were explored [7-8]. The results presented here concentrate on 
the radiological modelling aspects of the work, especially on the interpretation of gamma scanning 
results.  
First we 
we developed to analyse the gamma scan with VISIPLAN. Finally we demonstrate the method in the 
characterisation of an industrial environment at a nuclear power plant. 
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T
CIEMAT (Spain) [7-8]. The scanner integrates three sensors, a collimated gamma detector a video 
camera and a laser distance meter. The gamma detector is a Cs(Tl) crystal coupled to a photodiode with 
an energy threshold in the 150-200 keV range. The detector is located in a stainless steel housing with a 
lead shielding as can be seen in figure 2. The effective shielding is about 5 cm lead with a higher 
shielding value in the area surrounding the collimator opening. The collimator aperture used for the 
measurement is ±4°. The whole system is mounted on a pan and tilt platform enabling an automatic scan 
of the area. Spectra are measured in the different detection directions and stored in a 25 energy bin format 
together with the collimator direction and the distance to the measured object. A special interface was 
developed to transfer and display the measured results in VISIPLAN. 
The interpretation of the gamma scans involves two parts. A firs
interpretation of the scans, overlay images are used in order to determine the position of hotspots or the 
geometry of the sources. It is recommended that a series of scans are taken from different positions on the 
site. This enables to determine source positions using triangulation and reduces the risk of associating a 
source to the wrong object.  This analysis leads to a first suggestion for the source distribution of the site. 
The model is then confronted with the available technical data of the site in order to qualitatively check 
that the proposed source distribution is a good candidate. 
The spectroscopic capabilities of the scanner are used to
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Once the source geometry is established we can perform a quantitative analysis of the scans. This mean
that we will try to determine the source
m
In order to do this we need to establish a relationship between the effective dose at the detector position 
and the response of the detector to this dose. This can be done by determining the response of the scanner 
for different dete
energy En. This will establish a relationship between the Instrument dose rate "IDR" and the effective 
dose rate at the instruments position for a gamma source emitting at energy En. Taking into account the 
axial geometry of the scanner we can define the instrument response function depending on then energy 
En and on the angle µ (Fig. 2.). The relationship between the instrument and the effective dose rate is 
given as: 
 

IDREnEµEn =)().,(ε
 
a

∑= CPShIDR .
i

ii

with 
ctional sensitivity of the 

enough to 
the detector position. The derived dose rate response function is the basis for the source strength 
evaluation method used in VISIPLAN-VISIGAMMA.  
The source strengths are determined by fitting the simulated gamma scan expressed in IDR-values to the 
measured one. The simulated scan is calculated taking into account the geometry, material and source 
information in the model and the energy dependent 
scanner. 
This methodology was first tested in the laboratory, in a controlled environment consisting of two well 
known sources. The method performed well and was able to determine the source strengths within 20 and 
30%. 

 



3. Demonstration of the method in an industrial environment 
 

A demonstration of the method was performed within the VRIMOR project. The industrial area selected 
is part of the auxiliary building of Almaraz Nuclear Power Plant (Spain) [8]. 
A geometric scan of the area was performed by Z+F Ltd using their "Imager 5003" laser scanner. A CAD 
model was created based on the measurements and then transferred to a VISIPLAN model including 
material information. The materials data associated to the volumes were gathered on-site by Tecnatom. 
The geometric scan was followed by the gamma scanning campaign performed by the CIEMAT team. 
The distance and orientation data of the EDR-scanner are fitted to data of the geometry scan in order to 
determine the EDR position in the CAD, respectively the VISIPLAN model.   
The results of the geometric scan and the model derived from it in VISIPLAN are given in figure 3.  
Two gamma scans were used in the radiological characterisation of the site, their positions are also shown 
in figure 3. The overlay images of the scans are given in figure 4.  

 

Scan position 1

Scan position 2

Drain pipe shielded
with lead

Position of a hot 
spot confirmed in 
the two scans

 
 
Fig. 3. VISIPLAN model of the site geometry indicating the position of the gamma scanner during 
the two scans. 

 

. 
Fig. 4. Gamma scan intensity overlay image taken from two scanning positions (red indicates higher 
gamma intensity). 
 

A hot spot can be seen at the tube with the end flange. The position of the hot spot is confirmed in the 
second scan taken from another position. The spectral analysis of the measurements suggests that Co-60 
is the pre-dominant isotope, so it was decided to continue the analysis with Co-60 equivalent sources. 
A first attempt to simulate the scans using one source, positioned at the hot spot, failed and leads us to 
further analyse the technical data of the site. The technical information gathered by Tecnatom suggests 
simulating the area using the source distribution presented in figure 5. Three cylindrical volumes are used 
representing the source A, B and C in the tubes. This model proved to be more realistic and could account 



for the high background detected in the gamma scanner signal. Based on this model we determined the 
source strength of the A, B and C sources (fig. 5.). A good agreement was now found between the 
simulated and the measured gamma scans. 
Once the source strengths determined we calculated the dose in the area with the VISIPLAN tool and 
compared the calculated dose rates with the dose rates measured on site (fig. 6). An agreement was found 
within 20 to 30 %, a good agreement considering the accuracy of the point-kernel calculation method 
used in VISIPLAN and the gamma scan calibration method proposed for the gamma scan interpretation. 
It is interesting to notice that the direct viewing of the scans would lead us to believe that only one 
important source (source A) is present in the scene. However the detailed analysis using the 3D model in 
VISIPLAN showed that the drain pipes B and C are also major contributors to the dose. Source B lays 
only partly in the field of view of the scans and source C is outside the field of view but they account for 
the high background detected in the scans. This analysis was only possible because we performed a 
thorough calibration of the gamma scanner in all directions and could account for the contribution of 
source B and C to the signal. 
 

 
 
Fig 5. Simplified model of the area including the source distribution derived from the analysis of the 

scans and the technical data of the site. 

 
Fig. 6. Dose rate map calculated in two planes of the area using the VISIPLAN tool. 

 



Conclusion 
 
The standard radiological characterisation of a site can now be augmented by using devices such as 
gamma scanning in order to determine source positions, source geometry and source composition. Hot 
spots that could be missed by traditional methods can now be picked up through the gamma scanning.  
A thorough 4π calibration of the gamma scanner combined with the use of a radio-geometrical model 
makes it possible to perform a quantitative analysis of the source strengths leading to an adequate radio-
geometrical  model of the site that can be used in dose assessments and optimisation for work planned in 
irradiating environments. 
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Content

• Dose prognoses and optimization for operations in complex 
environments

• 3D dose simulation tool

• Site characterization

• Traditional measurements

• Using gamma scanning equipment combined with 3D 
dose simulation tools.

• Example on site

• Conclusion
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Dose optimization 
in complex environments

• Geometry of the installation
• Source distribution and strength
• Shielding configuration, fixed or mobile
• Work organization

• Application of ALARA in nuclear installations is complex.
• We need to evaluate the dose for the different activities and environments.

Dose is influenced by:

• Plans and technical information are generally available and well 
documented
• There is a return of experience from previous tasks (maintenance, 
repair) 
• A good set of dose and dose rate measurements is available.
• There is a living knowledge on technical and dose information

In an operating plant:
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Optimization in changing 
work environments

• ALARA in changing installations is even more complex

• Changing geometry's
• Changing source distributions and strengths
• Changing shield distributions
• Changing work groups

And sometimes there is a lack in geometrical and radiological information
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What do we need for a good 
ALARA study ?

• Predict the dose for a given job description.

• Evaluate methods or actions that can lead to 
a dose reduction or dose optimization for a 
given job description. 

Lets make a simulation of the
described job.

• Compare different scenario’s involving 
the following information:

• Type of work or techniques used
• Work duration
• Number of workers
• Work force distribution
• Shielding requirements and shielding 
method applied
• Evaluate activities with a direct 
impact on sources (chemical cleaning).

Develop work simulation 
tool allowing the dose 
assessment of a work 
scenario in a 3D environment
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3D dose modeling 
and planning tool

VISIPLAN 3D ALARA planning tool

Based on:
• 3D model including material, geometry 
and sources
• Point-kernel dose calculation, with build-
up correction

Allows:
• Dose assessment for tasks, trajectories and 
scenarios
• Individual and collective dose assessment
• Source strength calculation from 
measured dose rate sets.
• Source Sensitivity Analysis
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Dose analysis

Analysis of individual 
trajectories

Analysis of scenarios

Evaluation of individual 
and collective dose
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However before calculations can 
start a model needs to be build

• Source model

• Technical data

• radiological measurements

• Geometry and materials

• CAD, technical data, paper plans

• Survey
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Radiological Characterization 
of a site.

• Site history 

• Dose rate measurements (4π) at different locations in the work area

• Spectral Analysis on samples (sweeps, fluids, resins,….) 

Traditional

Disadvantage: 

• can be dose intensive

• source geometry and distribution is difficult to assess
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Source inference based 
on dose measurements

Dose measurement
Spectral information

Source strength 
calculation by fitting 
calculated dose rate 

sets to measured 
dose rate sets

Dose calculation

Source model
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Detecting source locations, 
geometry and composition.

CartoGam

Gamma camera’s
External spectral detector needed

Gamma scanners
Internal spectral capability

RadScanEDR scanner

Gammacam M31
AIL Systems Inc.

A methodology needs to be developed to interpret the measurements
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VRIMOR

Virtual Reality in Maintenance Outage and Repair
To show the viability of an integrated approach to minimise 
occupational exposure through the combination of different 

technologies including gamma scanning, geometrical scanning, human 
motion simulation tools and a radio-geometrical modelling tool. 
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Integrated approach
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Gamma Scanner
EDR scanner from CIEMAT
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Measured and derived quantities 
for source strength analysis
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Methodology of source modeling
using gamma scanning

Pos 1 Pos 2

• Source geometry and location
Through interpretation of scans taken from 
different positions.

• Source composition
Interpretation of the spectra
Analysis of site history

• Source strength
Source strength determination by fitting a 
calculated scan to a measured scan based 
on the response function of the scanner, 
the source spectra and the 3D information 
of source and materials in the model.
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Application in a Nuclear Power Plant

Almaraz NPP
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Geometric Information

LFM VISIPLAN 3D ALARA planning tool

Geometry interface
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Gamma scan taken
from two locations

Scan position 1

Scan position 2
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Application on site
Gamma Scans

Two scans from different positions
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Technical and materials 
information

1-It is a pipe of the drainage system. its function is to collect the drainage from upper plants

2- It is a 6 inches pipe: DA-x-135-155G. Made of stainless steal. External Diameter: 168,3 mm. Wall
thickness: 7,11mm . It is shielded with lead of 3 cm thickness.

3- This pipe contains leaks, drains, and any other thing coming from the floor.

4- The tanks are filled with pressurized air. The thickness is indicated in the picture.
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Gamma scan taken
from two locations

Scan position 1

Scan position 2

Drain pipe shielded
with lead

Position of a hot 
spot confirmed in 
the two scans
Part of it is not
shielded
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Source Model
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Source model and source 
strength fitting.
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Modeling Results
Comparison with dose measurements.

 

Source Scan 1 Scan 2 

A (Co-60 eq) 2.78 107 Bq 3.78 107 Bq 

B (Co-60 eq) 5.37 107 Bq 2.46 108 Bq 

C (Co-60 eq) 8.41 108 Bq  9.84 108 Bq 

 

 

Position Measured dose rate Simulated 

Scan 1 

Simulated  

Scan 2 

Contact 

hotspot 

 

0.6-0.8 mSv/h 0.6-1 mSv/h 0.8-1.4 mSv/h 

Detector 

position 

0.010-0.020 0.009-0.010 mSv/h 0.010-0.013 mSv/h 
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Dose plot based
on the fitted sources

Main dose contribution is not 
caused by the hotspot.

The main contribution is due the 
contaminated drainage lines.
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Conclusion

The combined use of 3D dose simulation and 
gamma scanning enables:

• A reduction of the dose uptake during the 
characterization of the site

• to determine the location and the geometry of the 
sources

• the determination of the source strength through the 
use of the sensitivity curve of the gamma scanner and 
the 3D radio-geometrical model.

• A more realistic or reliable radio-geometrical model to 
make dose assessment for work scenarios
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Trajectory Simulation

HeSPI (UPM)

Detailed

Trajectory

Simulation ERGODose (NNC)

Trajectory calculation

VISIPLAN (SCK•CEN)

(planning)



 
CONTROL OF OCCUPATIONAL EXPOSURE WHEN WORKING WITHIN A 

 REACTOR CONTAINMENT BUILDING AT POWER 
 

M. P. Lunn 
British Energy Generation Ltd., Sizewell B Power Station, United Kingdom. 

 
 
Introduction 
 
Sizewell B is a 1200 MW, 4 Loop Westinghouse-designed Pressurised Water Reactor, owned and 
operated by the private utility, British Energy. In the extremely competitive UK electricity market, where 
wholesale electricity prices have fallen as low as €11 per MWh, generators are under intense pressure to 
reduce their costs. Sizewell B has attempted to reduce costs by achieving shorter refuelling outage 
durations. One technique has been to maximise the scope of work performed whilst at power, including 
work inside the reactor containment building. This paper describes the radiological challenges presented 
by a routine containment entry programme and the techniques used to manage doses. 
 
 
Radiological hazards at power 
 
The information on the radiological conditions come primarily from surveys conducted during station 
commissioning and on subsequent containment entries, and also from Monte Carlo radiation transport 
calculations prepared for the pre-commissioning Station Safety Report. 
  
 
External radiations 
 
In most areas of containment, the external radiation field is dominated by intermediate & fast fission 
neutrons and by high-energy gamma rays from the decay of water activation products (e.g. 16N; gamma 
ray emissions at 6.4 & 7.1 MeV). However, the presence of activation and fission products, deposited as 
crud on the internal surfaces of pipes and vessels or present as solutes & colloids in the process fluids, 
still dominate the radiation fields around certain plant components. 
 
Figure 1 shows the variation in doserates and the variation in neutron radiation quality throughout the 
reactor building annulus whilst at 100% power. The highest doserates are found on the upper levels of the 
building, especially in areas with line-of-sight to the Refuelling Cavity and RPV Head. Neutron quality is 
given by the k-factor (a higher k-factor indicating a harder neutron spectrum). 
 
A negligible contribution to the external radiation field also comes from noble gases in the containment 
atmosphere (typically <100 Bq/m3). 
 
 
Internal radiations 
 
Low levels of activation & fission products (4 to 40 Bq/cm2) are present as both fixed & non-fixed 
surface contamination inside containment. 
 
Airborne radioactivity levels are usually low (<0.001 Bq/m3 alpha, < 0.1 Bq/m3 particulate beta and 
radioiodine). However, elevated levels of tritiated water (HTO) vapour, between 10 to 60 kBq/m3, are 
found inside containment, giving an effective doserate of approximately 0.2 to 1µSv/h. It is postulated 
that the source of this HTO vapour is gradual desorption of tritium from concrete & metalwork 
contaminated by a primary coolant leak during Cycle 5. 
 
 
 



Figure 1: Variation in radiation doserates (in mSv/h) inside the Containment Building, whilst at 100% 
power. 
 
 

+21m (Main Operating Floor) 
~0.01 to 0.10 (γ) 
~0.02 to 0.50 (n) 
Average n:γ ratio ~ 5 
k-factor: 4.2 to 4.8 

+6.5m (Ground Floor) 
~0.01 to 0.03 (γ) 
< 0.005 to 0.20 (n) 
Average n:γ ratio <0.5 
k-factor: 2.0 to 2.8 

+21m (RPV Head Cable Bridge) 
~ 0.50 (γ) 
~ 50.00 (n) 

+28m (SG Steam Space) 
0.02 to 0.15 (γ) 
0.08 to 3.00 (n) 
Average n:γ ratio ~10  
k-factor: 5.1 to 5.5 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 +14m (LHSI Accumulators) 

<0.005 (γ) 
<0.005 (n) 
 Average n:γ ratio = 1 
k-factor: 1.8 to 3.0 

 
 
 
 
 
 
 
 
 
 
 
 
Justification of work at power 
 
Establishing a routine containment entry programme presents the opportunity for cost savings by reducing 
the scope of the Refuelling Outage. However, due to operational & nuclear safety restrictions on plant 
isolations at power, the tasks that can be performed are unlikely to be “critical path” activities; therefore 
one cannot make a robust justification argument based solely on critical path reduction. Other factors 
need to be considered, and a variety of arguments were used, either individually or in conjunction, to 
justify the decision to work at power. The principal arguments were:- 
 
Trivality of dose - Although the whole of containment is designated as a High Radiation Area; many 
places in the annulus have doserates sufficiently low to make the conditions similar to rooms within the 
Auxiliary, Fuel & Radwaste Buildings, where no special access arrangements are necessary. As such, 
short duration jobs would accrue minimal dose, and a collective dose of less than 0.05 man.mSv was 
deemed to be trivial, requiring no further justification or optimisation. 
 
Lower doserates - Some areas of containment have lower doserates at full power than when the unit is 
shutdown. This is principally due to different plant configurations, especially around the Residual Heat 
Removal System. In many other areas, doserates at power are not significantly higher than at shutdown. 
 



Improved industrial safety – Some tasks (especially scaffold construction) in areas that would be highly 
populated during the outage, could be performed at power, without risk to persons that would otherwise 
be in that area at shutdown. 
 
Resource minimisation – The draft outage plans had a number of resource peaks where demand for 
manpower and service equipment (e.g. scaffolds) was greater than supply. Working at power would 
enable these resource peaks to be flattened.  
 
Improved outage mobilisation – Pre-staging & installation of radiological protection equipment (such as 
temporary shielding), would enable faster access to plant areas and improved radiological control during 
the first few days of the outage. 
 
Prevents a reactor trip – Work to prevent an imminent reactor trip, was justified as it would keep the unit 
on-load, thus avoiding the dose associated with a forced outage maintenance plan and the subsequent 
plant operations required to return the reactor to power. 
 
 
Optimisation of doses 
 
Engineered controls 
 
Airborne radioactivity levels were minimised by running the Mini-purge extract system for 2 to 3 days 
prior to each containment entry, which enabled the containment atmosphere to be cleaned at a rate of 
7200 m3/h. Access to very high doserate areas inside the Bioshield was restricted by simply locking 
doors. As the radiological conditions in the annular areas are relatively stable whilst at power; signs and 
barriers were used to identify low doserate areas, hotspots and radiation beams in order to prevent 
inadvertent access to other areas that could not be locked off. 
 
 
Pre-job briefings & setting to work 
 
All staff entering containment received a detailed brief. Where available, Health Physics Information 
Sheets were given to each work party. These showed a photograph of the item to be worked, a map of its 
location and details of the expected radiological conditions in the immediate area.  
 
 
Radiological measurements at the workplace 
 
RP Technicians ran air samples and conducted detailed surveys during the planning stages of tasks, to 
determine whether the proposed work area was tenable. They only accompanied work groups when 
personnel were accessing areas where steep doserate gradients existed or where significant intrusive work 
on active systems was being performed (e.g. valve replacements).  
 
Where work was determined to be of low radiological risk and experience showed that radiological 
conditions were stable, maintenance teams were able to rely on their own specially trained staff, that were 
able to perform simple self-monitoring for gamma radiation & surface contamination (known as 
Radworkers). This allowed the work party to confirm the validity of the measurements made some weeks 
previously by the RP Technician. Use of Radworkers also enabled us to minimise the collective dose by 
reducing the RP dose burden. 
 
 
Assessment of doses  
 
External radiations 
 
The main dosimetric problems associated with containment entries at power are the assessment of neutron 
dose and the presence of high doserate radiation beams that may not interact with personal dosimeters.  



 
All staff entering containment wore a passive neutron dosimeter. Sizewell B uses the CEGB Albedo, 
which uses two lithium fluoride TLDs to measure thermal & intermediate neutrons below 25 keV.  To 
account for neutron energies greater than 25 keV, Albedos are assigned a correction (or “k” factor). 
Detailed neutron spectra surveys had been performed throughout containment at various reactor power 
levels. These surveys had identified a range of k-factors between 1.8 and 5.5, as shown in Figure 1. All 
neutron dosimeters were assessed using the maximum k-factor of 5.5.  
  
Sizewell B’s legal beta/gamma dosimeter is the Siemens Mk1 EPD. Staff entering the reactor building at 
power had EPD alarms set at 500µSv/h and 100µSv. The dose alarm is 50% lower than that normally 
used in other controlled areas on-site; this was done in order to compensate for the neutron component not 
measured by the Mk1 EPD. As a practical indication of total dose (in the absence of a direct reading 
electronic neutron/gamma dosimeter), staff were instructed to assume that their total dose was in fact 10 
times the EPD reading when working on the 21m level and above, and twice the EPD reading when 
working on the 14m level and below.  
 
Where highly localised beams were present, access to these areas was simply prohibited, rather than 
attempting to multi-badge individual workers.     
 
 
Internal radiations 
 
Under the Ionising Radiations Regulations 1999 [1], components of dose less than 1mSv are deemed to 
be non-significant and as such, no formal assessment is required (provided that the sum of unassessed 
doses remains less than 1 mSv). Using air sample data and airlock entry records to measure area 
occupancy, estimates of dose were made and tracked on a spreadsheet to ensure that no individual 
received a significant internal dose; therefore no personal air sampling, in vivo or ex vivo bioassay 
programmes were required. 
 
 
Results of dose assessment 
 
The dosimetric results of the Cycle 5 and Cycle 6 containment entry programme are shown in Tables 1 & 
2. Between 2001 and 2003, the total station collective dose received during normal power operation has 
remained constant at approximately 54 man.mSv. In 2001, the proportion of this dose received 
performing containment entries at power was 44%. In 2002, this proportion fell to 36%, but had risen 
again in 2003 to 51%. 
 
  

Table 1: Estimated doses for containment work activities, excluding radiological protection, 
by year. 
 
Calendar Year 2001 2002 2003
Neutron Collective Dose (man.mSv) 15.120 7.590 16.800
Gamma Collective Dose (man.mSv) 2.775 4.232 4.991
Collective Dose (man.mSv) 17.895 11.822 21.791
Number of people 43 129 119
Average Individual Dose (mSv) 0.416 0.091 0.183
Maximum Individual Dose (mSv) 1.595 0.803 1.052

 
 
Table 1 shows that over the period 2001 to 2003, collective doses have increased, although average and 
maximum individual doses have fallen. Also, it is interesting note that the contribution of the neutron 
component to collective dose is between 2 and 5 times the gamma component. 
 



 
The data for radiological protection staff (shown in Table 2) is not as complete as the data for bulk work 
activities, as RP staff were instructed to use the standard EPD task code, which has made the subsequent 
differentiation of gamma dose received in containment at power from other RP activities difficult.  
 

Table 2: Estimated doses for radiological protection activities inside containment, by year. 
 
Calendar Year 2001 2002 2003
Neutron Collective Dose (man.mSv) 5.610 2.600 3.800
Gamma Collective Dose (man.mSv) ~ 2.000 ~ 2.000 1.608
Collective Dose (man.mSv) ~ 7.610 ~ 4.600 5.408
Number of people 8 22 22
Average Individual Dose (mSv) ~ 0.951 ~ 0.209 0.246
Maximum Individual Dose (mSv) 1.590 0.430 0.781

 
 
However, this data shows that as the amount of work performed in containment grew, the numbers of RP 
staff required to manage these activities also increased. Twenty-two RP technicians and engineers were 
involved in 2002 and 2003 compared to just 8 in 2001. Over this period, the RP collective dose and the 
maximum individual dose fell, although the average individual dose rose to just under 0.25 mSv. Unlike 
the bulk of the containment work, the difference between the contributions of neutron and gamma 
radiations is less than a factor of 2. 
 
The impact of using Radworkers is clearly demonstrated by comparing the 2001 and 2003 collective 
doses. RP dose contributed approximately 30% to the overall collective dose received in containment at 
power in 2001, when use of Radworkers was minimal. In 2003, the scope of work enabled much greater 
utilisation of Radworkers and as a result, the RP contribution to containment collective dose fell to 20%.  
 
 
Scope of work performed 
 
The definition of “task” used in Figure 2 is simply a single Work Order. A better measure would be 
number of man-hours in each task category. Unfortunately, it was very difficult to obtain an accurate 
estimate of this parameter from our work management computer system, and information for 2001 is 
extremely unreliable. 
 
Despite these limitations, a clear trend shown in Figure 2 has been the increase in the amount of work 
performed in containment at power since 2001. This has increased from approximately 30 tasks in 2001 
to over 160 in 2003. In addition, the data is sufficiently robust to show that the relative contribution of 
each type of task has varied considerably over the period shown. Most tasks performed in 2001 were 
plant tours required to identify the location of a primary coolant leak (which caused a forced outage in 
March 2001) and the intensive leak searches & corrosion monitoring surveys subsequently required as 
part of the return to power safety case.   
 
In 2002 & 2003, regular entries were made for 1 to 2 days per month, increasing to 6 days per week in the 
month prior to the refuelling outages (RF05, May 2002 & RF06, October 2003). Mandatory leak searches 
and corrosion surveys were still being performed every 6 to 8 weeks, but additional tasks were 
incorporated to maximise the cost-effectiveness of the containment entry. Tasks included scaffolding, 
transmitter calibrations and plant operations. Corrective maintenance was also performed, mainly to keep 
a defective Emergency Boration System valve actuator operable. Significant modifications to the Steam 
Generator ventilation ductwork were also performed during the pre-RF06 period.  
 



Figure 2: Number & type of tasks performed during containment entries, by year. * denotes data for this 
period is significantly underestimated (see text for further detail). 
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e with containment entries at power varies considerably. Most European utilities 
ment entries to rectify faults that threaten an imminent reactor trip, where as some 
s have established a routine containment entry programme. For example, Three 

ntries every 6 to 8 weeks to execute a similar range of tasks as Sizewell B. The 
rued 12 man.mSv, equivalent to 20% of their normal operation dose in 2002 [2]. 

ntries, there was little published data or operational experience available to 
 constraint. The individual doses received during this programme were low 
ose limits and a company dose constraint of 10mSv [3]. Collective doses were also 
ontribution to overall normal operation dose was approximately twice that at 
rms of dose, the most significant tasks in 2001 and early 2002, were the primary 

nd subsequent corrosion monitoring inspections. By 2003, the most radiologically 
caffold construction on the upper floors of containment. Doses to radiological 
ostly received installing temporary shielding (on the lower floors) and 
Engineers on leak searches etc.  This difference in work area explains the variation 
atios between RP tasks and maintenance tasks highlighted in the results section.  

e neutron component of dose dominates when working inside containment. This 
 neutron:gamma ratio found on the upper floors, the conservative choice of k-
e variation in limits of detection for the albedo (~50µSv) and the EPD (<1µSv). 
 neutron spectra is essential to avoid significantly underestimating dose. For 
other UK power station received approximately 11 man.mSv (3.7 mSv, maximum 
working close to a Bioshield penetration. Lack of knowledge of the neutron spectra 
 underestimate neutron doserates. This lack of recognition persisted, even after 

workers’ neutron-activated jewellery and clothing at the RCA exit monitor [4]. 

 review, it is important to establish the “usefulness” of the work performed. A 
s a reduction of 3 days in the RF06 critical path, by modifying the Steam 
uctwork whilst at power (for a collective dose of approximately 1.5 man.mSv). 
ts were derived from other tasks. Individually, small tasks such as transmitter 



calibrations have negligible impact on outage scope and dose. And when many tens are performed 
together, the contribution to outage workload reduction is still rather small, but the radiological impact 
with respect to normal operation dose can become significant. 
 
  
Conclusions 
 
This work has shown that a wide range of tasks can be performed inside a containment building at power, 
for comparatively low individual and collective doses (although these represent significant proportions of 
the normal operation dose). However, to achieve these outcomes, an extensive input from RP engineers 
and technicians was required. For certain tasks, such as scaffolding & lagging on the RHR system, doses 
are clearly optimised by working in containment at power. However, the doses received on some other 
tasks, may not have been ALARA, especially during 2003. This paper recommends that further 
refinement of the justification arguments is necessary and that annual dose constraints of 1.5mSv and 15 
man.mSv are implemented for routine containment entry programmes at Sizewell B.   
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Sizewell B Power Station

• 4 Loop, 2nd Generation 
Westinghouse PWR

• 1200 MW, single unit
• First criticality 31 Jan 1995
• 18 month refuelling cycles
• Currently in Cycle 7: 

– November 2003 to Mar 2005
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External radiological hazards
• Fission neutrons

– Thermal & Intermediate energies 
– Fast neutrons (>25 keV); not measured directly by Albedo dosimeter

• “k-factor”
– Prior knowledge of neutron spectra & Albedo k-factor essential
– Higher k-factor = harder neutron spectra

• Activation & fission products
– 16O(n,p)16N; γ emissions at 6.1 & 7.1 MeV
– 58Ni(n,p)58Co; 59Co(n,γ)60Co; 134Cs/137Cs; 
– Crud still dominates radiation fields around certain components



Internal radiological hazards
• Surface contamination

– Activation & fission products
– Fixed & loose contamination <40 Bq/cm2

• Airborne radioactivity
– Particulate alpha < 0.001 Bq/m3

– Particulate beta/gamma & radioiodine < 0.1 Bq/m3

– HTO vapour ~10 to 60 kBq/m3

• Internal monitoring & bioassay?
– Estimated doses <1mSv; no formal internal dose assessment required
– (from static air sampling results & area occupancy)



Doserates @ 100% power

+21m (Head Cable Bridge)
~ 0.50  mSv/h (γ)
~ 50.00 mSv/h (n)

+6.5m (Ground Floor)
~0.01 to 0.03 mSv/h (γ)
< 0.005 to 0.20 mSv/h (n) 
Average n:γ ratio <0.5
k-factor: 2.0 to 2.8

+14m (LHSI Accumulators)
<0.005 mSv/h (γ)
<0.005 mSv/h (n)
Average n:γ ratio = 1
k-factor: 1.8 to 3.0

+21m (Main Operating Floor)
~0.01 to 0.10 mSv/h (γ)
~0.02 to 0.50 mSv/h (n)
Average n:γ ratio ~ 5
k-factor: 4.2 to 4.8

+28m (SG Steam Space)
0.02 to 0.15 mSv/h (γ)
0.08 to 3.00 mSv/h (n)
Average n:γ ratio ~10 
k-factor: 5.1 to 5.5



Radiation beams

• Pipe & cable penetrations
• Bioshield gates
• γ/n radiation beams

– Very steep doserate gradients
– Up to 20mSv/h per metre
– Beams may not interact with 

personal dosimeters
• No “multi-badging” of workers
• Access to areas prevented using 

barriers

3 mSv/h

0.03 mSv/h

1 mSv/h



Justification of entries
• Triviality of dose

– <0.05 man.mSv; no further justification or optimisation required

• Lower doserates at 100% power
– Especially near RHR system

• Improved industrial safety
• Resource minimisation

– Flatten resource peaks (esp. scaffolding) where demand > supply

• Improved outage mobilisation
– Install temporary shielding to enable faster release of plant areas

• Prevent a reactor trip (scram)
– Avoid unit loss & dose from a forced outage recovery



Personal dosimetry

• EPD 
– Doserate alarm; 500µSv/h
– Dose alarm; 100µSv
– Dose alarm ~ 50% lower than usual

• Albedo
– Max. k-factor of 5.5 used for all 

assessments
• Direct-reading electronic neutron 

dosimeter unavailable
• So, staff told to assume…..

– Total dose ~ 10x EPD on 21m & above
– Total dose ~ 2x EPD on 14m & below



Pre-job briefing tools
• ALARA Brief for all entrants
• Plant Information Sheets

– Photograph of equipment
– Radiological survey data
– Practical precautions (e.g. what side 

to stand)
– Map showing location

• Item Location Plans
– A2 drawings showing location of 

plant items
– Overlaid with general radiological 

conditions 
– Used in briefing room



Scope of work at power
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Maintenance etc. doses

Estimated doses for containment work activities, excluding radiological protection, by year.

Calendar Year 2001 2002 2003
Neutron Collective Dose (man.mSv) 15.120 7.590 16.800
Gamma Collective Dose (man.mSv) 2.775 4.232 4.991
Collective Dose (man.mSv) 17.895 11.822 21.791
Number of people 43 129 119
Average Individual Dose (mSv) 0.416 0.091 0.183
Maximum Individual Dose (mSv) 1.595 0.803 1.052

Barrier Tape



RP Doses

 

Estimated doses for radiological protection activities inside containment, by year. 
  
Calendar Year 2001 2002 2003
Neutron Collective Dose (man.mSv) 5.610 2.600 3.800
Gamma Collective Dose (man.mSv) ~ 2.000 ~ 2.000 1.608
Collective Dose (man.mSv) ~ 7.610 ~ 4.600 5.408
Number of people 8 22 22
Average Individual Dose (mSv) ~ 0.951 ~ 0.209 0.246
Maximum Individual Dose (mSv) ~ 1.590 0.430 0.781

Barrier Tape



Conclusions
• Wide variation in practices around world
• Little OE or published data available during planning

– Setting dose constraints was difficult….
– Difficulty in preventing increase in work scope 

• Individual & collective doses remained low….
– c.f. national limits & company dose constraint of 10mSv

• Some jobs justified & optimised when worked at power
– e.g. RHR scaffolding & lagging

• Some minor jobs not optimised when worked at power
– e.g. Transmitter calibrations, corrosion surveys?

• Proposed dose constraints for future containment entries
– 1.5 mSv per annum
– 15 man.mSv per annum
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AgendaAgenda

Drivers and Benefits of  Fuel Cleaning 

Overview Cleaning System

Review of Plant Experience 

Callaway Radiological Data

Questions & Answers



Benefits of Cleaning Reload FuelBenefits of Cleaning Reload Fuel

Reduce risk of Axial Offset Anomaly (AOA) on feed 
fuel by eliminating redistribution of crud from low to high 
power assemblies

Eliminate AOA on high duty, second cycle fuel
Lower fuel costs
Lower risk to fuel rod integrity as threatened by crud   

induced corrosion
Improve fuel cladding inspection
Lower crud inventory to minimize personnel radiation    

exposure during operation and refueling outages



Axial Offset Anomaly (AOA)Axial Offset Anomaly (AOA)

Unexpected depression in fissions in upper core

Caused by crud and lithium borate deposits on fuel 
in upper core

Exacerbated in high duty core

Impedes economic fuel performance

STP fuel duty has been limited by concern for 
AOA susceptibility.



Fuel CostFuel Cost

STP fuel cycles can be designed for four less feed 
assemblies than would otherwise be used 
(typically reducing from 76 to 72 assembly feed 
batches). 

Increases average discharge burnup by about 5%, 

Fuel cost reduced by about $1 M per cycle. 

Savings for future spent fuel storage and handling.



Equipment OverviewEquipment Overview
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Equipment OverviewEquipment Overview
Cleaning Chamber

Seismically qualified to support 
fuel, freeing the spent fuel 
handling hoist

Double-chamber configuration 
for maximum throughput

Crud traps are minimized by 
seal welding joints, sleeving
cables and polishing exposed 
parts.

Independent transducer 
assemblies may be easily inserted 
and removed for storage or repair



Equipment OverviewEquipment Overview

Redundant pumps and 
sets of 4 filter housings

Filters changed while 
other bank is isolated

Capture of the crud 
removed from the fuel 
assemblies

Process monitoring via 
various instruments

Pump/Filter Assembly



Equipment OverviewEquipment Overview

Independent transducer assemblies 
may be easily inserted and removed 
for storage or repair



Equipment OverviewEquipment Overview

Lowering dual cleaning 
chamber into spent fuel pool -
August 2002



Cleaning Fuel    Cleaning Fuel    ------ Fall 2002Fall 2002

120 reload assemblies 
cleaned 

5 assemblies per hour (fuel 
handler dependent rate).

Inspection is done with 

cameras at the cleaner.

Monitor filter radiation level 

and pump discharge process 

radioactivity



Cleaning Fuel Fall 2002Cleaning Fuel Fall 2002
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Initial cleaning time set 
at 6 minutes

4-minute cleaning time 

was more than adequate.



Cleaning Fuel Fall 2002Cleaning Fuel Fall 2002

Initial Filter Change criterion set 
@ 1.3 Gy h-1 based on ALARA 
consideration and conservatism 
for waste classification

Radiation level increase per fuel 
element  - 80 to 120 mGv h-1 

Increaed Filter change criterion 
to 2.6 Gy h-1 

Side stream surrogate sample 
using 0.45 micron glass filter 
media for off-site analysis 
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STP ResultsSTP Results

Before After



Radiation Field (ALARA) Radiation Field (ALARA) 
BenefitBenefit

Although reducing plant radiation fields was not a specific 

objective of the fuel cleaning, preliminary results are 

promising

Callaway reports overall decontamination factor in 

primary plant was about 50% (DF=2)

Local radiation fields reduced by up to 80%

Long-term use expected to have significant worker 

exposure benefit



Radiation Field (ALARA) BenefitRadiation Field (ALARA) Benefit

CALLAWAY CVCS NRHX DOSE TRENDS
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ConclusionsConclusions

The fuel ultrasonic cleaning system met all of STP’s
expectations.

We will be monitoring the performance of the 
upcoming fuel cycle regarding the effects of the fuel 
cleaning on RCS activities and on fuel performance.

STP is installing a fuel cleaning system in our twin 
unit in January. Some design improvements were 
identified during the initial system installation, and they 
have been incorporated. 



Questions???Questions???



The Effective Use of Tungsten as a Shielding 
Material in Nuclear Applications

Presenter:Presenter: Kenneth OhrKenneth Ohr
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What is Tungsten (besides a Metal)?

Tungsten Tungsten 
Symbol: W Atomic Number: 74
Density: 19.25 g/cc Appearance: Grayish-white metal
Origin: Cooled magma deposits in younger mountain 
ranges (Europe, Pacific Rim)

German: “wolfrahm” - “wolf froth” describing the way its ore 
would tear away tin during processing like a wolf devours sheep
Swedish: “tung-sten” - heavy stone

Uses include:
filament material for electric lamps, electron and television tubes, 
X-ray targets, windings and heating elements for electrical furnaces, 
high-speed tool steels and many other alloys contain Tungsten

But, why use it as Shielding?
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Why Tungsten?

Tungsten Tungsten 
High Density: 19.25 g/cc versus 11.34 g/cc for Pb
Ease of blending / forming

Easily blends in plastic
Can be extruded or molded
Can be used in metallic or powder forms

Reusable / Recyclable
Long-term disposal (is not a mixed hazardous waste)
Space considerations
Sufficient supply available
Expensive, but not prohibitively so
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Why Not Lead?

LeadLead
Also high Density, but not to the degree of Tungsten
Minimal blended / mixed uses (lead-impregnated rubber)
Reusable, but not readily recycled
Hazardous / Toxic material

Long-term disposal further complicated if lead is contaminated 
creating a mixed hazardous waste

Lead, however, is in ready inventory at all nuclear facilities 
in several forms that fit most basic applications
Lead wool blankets, flexible sheets, and bricks
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Tungsten versus Lead: Head to Head

Criteria Tungsten (W) Lead (Pb)

Density 19.25 g/cc 11.34 g/cc

Cost ~$12 per pound ~$4 per pound

Tenth-Factor Thickness ~1 inch ~2 inches

Shielding Factor 10x Lead in metal form
1.16x Lead in plastic pellet form

1x Lead in metal form
0.16x Lead in blanket form

Blending Easily blended in plastic Some impregnating in rubber

Re-use Reusable Reusable

Disposal Normal Potential Mixed Hazardous Waste

Toxicity Non-Toxic Toxic - handle with gloves

Space Considerations Similar load issues to pure lead 
applications

Bulky in blanket form, loading restricted 
in pure forms
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Selective Use: Choice of Applications

When to utilize Tungsten versus LeadWhen to utilize Tungsten versus Lead
Given the availability, low-cost, and inventory of lead 
shielding at nuclear facilities, wholesale replacement of lead 
with Tungsten is not practical or effective
Effective use is dependent on the circumstances and 
environment surrounding the individual installation
Tungsten is NOT necessary for the majority of standard 
applications where a layer of conventional lead blanket will 
provide the desired dose rate reduction

The value of Tungsten shielding is shown when “outside the 
box” thinking is required
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Selective Use: Key Factors

Key factors to considerKey factors to consider
Space and Environment considerations

Narrow clearances or space limitations
ex: 5 inch pellet shield wall versus 30+ layers of Lead blanket
Underwater applications

Long-term storage / disposal
Not a potential mixed hazardous waste 
Less toxic - ease in handling in pellet form versus lead shot

Potential for multiple applications
If a temporary installation, how can the material be used for the next 
application
Cost / benefit increases with multiple re-uses of material
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Tungsten-Plastic Pellet Application

Challenge #1:  The Unit 2 Condensate Demin ModChallenge #1:  The Unit 2 Condensate Demin Mod
Presented the challenge of working for several thousand Presented the challenge of working for several thousand 
personperson--hours in an area that is normally controlled as a hours in an area that is normally controlled as a 
Locked High Rad Area (LHRA)Locked High Rad Area (LHRA)

Plant Operations required adjacent Demins be kept on-line 
(ranging from 200-800 mrem/hr)
A 2.5 foot thick concrete wall would be removed that would 
normally serve as shielding
New Demin addition would allow only 5 inches of clearance 
from adjacent sources
Must consider other aspects:

Weight allowances (floor loading)
Flammability concerns (due to welding)
Ease of installation / removal
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The Challenge Evaluated

Why Tungsten versus Lead?Why Tungsten versus Lead?
Project challenged to find a solution that resulted in working dose 
rates of 0.5 mrem/hour or less with the existing LHRA conditions

Tungsten provided a 5 inch shield wall solution versus 30+ layers 
of Lead blanket (5 inches of clearance versus 30 inches)

Lead pellets/shot would represent purchase of 24,780 pounds of 
raw lead that would be a long-term liability to the station

Even diluted in plastic, Tungsten’s shielding properties for Co-60 
exceeded Lead (116% reduction versus same thickness of lead)

Initial costs off-set by multiple planned applications
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Tungsten / Plastic Pellets

Tungsten / 
Plastic Pellets

Would you do this with Lead?Would you do this with Lead?
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Tungsten / Plastic Pellets

Pellet size compared to pen tip.Pellet size compared to pen tip.
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Shield Wall Configuration

The 3 sections of the wall before installationThe 3 sections of the wall before installation
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Tungsten / Plastic Shield Wall

Tungsten 
Pellets in the 

Installed 
Wall

Tank 
Drains

Installed Wall: Top SectionsInstalled Wall: Top Sections
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Tungsten / Plastic Shield Wall

Area where new Condensate 
Demin Vessel will be  installed

Installed Wall filled with Tungsten / Plastic PelletsInstalled Wall filled with Tungsten / Plastic Pellets
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Tungsten versus Lead Comparison

280.0 mrem/hr

21.0 mrem/hr

0.5 mrem/hr

0 mrem/hr 50
mrem/hr

100
mrem/hr

150
mrem/hr

200
mrem/hr

250
mrem/hr

300
mrem/hr

350
mrem/hr

Contact with Demin

Lead Blankets

Tungsten / Plastic
Shield Wall
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Tungsten / Plastic Shield Wall Savings

Unit 2 Demin Mod Tungsten Shielding Savings:Unit 2 Demin Mod Tungsten Shielding Savings:

30.319 rem
Total Project dose: 3.320 rem

The same successful method was applied to the sister modificatioThe same successful method was applied to the sister modification on Unit 1 n on Unit 1 
with even greater results due to the dose rate differences betwewith even greater results due to the dose rate differences between the unitsen the units

Unit 1 Demin Mod Tungsten Shielding Savings:Unit 1 Demin Mod Tungsten Shielding Savings:

90.957 rem
Total Project dose: 7.247 rem
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Metallic Tungsten Application

Challenge #2:  U1 Steam Dryer Underwater Weld RepairChallenge #2:  U1 Steam Dryer Underwater Weld Repair
Presented the challenge of underwater welding and dive Presented the challenge of underwater welding and dive 
operations adjacent to the 10 rem/hour Steam Dryeroperations adjacent to the 10 rem/hour Steam Dryer

Location of plate to be cut-out and modified had clearance of 3 
inches prior to interfering with welding or requiring removal of
shield plates
3 inch steel plates used for other unit provided 4.3 factor 
reduction, which was insufficient for Unit 1 rad conditions 
Location of welding prevented remote tooling
Must consider other aspects:

Limited dose available for skilled diver/welders combined with end-
of-year annual limits
Solution must support modifications on three units (Quad / Dresden)
Installation must not interfere with bridge operations on Refuel floor
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The Challenge Evaluated

Why Tungsten versus Lead?Why Tungsten versus Lead?
Plastic coated lead sheets available, but in limited thicknesses
(1/8” and 1/4”) and presented a concern of water intrusion inside 
coating

Why Tungsten versus Steel Plates?Why Tungsten versus Steel Plates?
Tungsten metal powder, encased in steel cladding, provided a 
reduction factor of 11.8 in a clearance of 2.5 inches versus a 
reduction factor of 4.3 for steel plate

With limited available dose left for 2002, divers required a 
solution that would minimize exposure to allow completion of the
project within budgeted resources / personnel
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Tungsten Plates and Shield Platform

Tungsten 
Plates

Shield 
Platform

Shielded Platform and Tungsten Plates in the PitShielded Platform and Tungsten Plates in the Pit
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Tungsten Plates and Shield Platform

CloseClose--up view of the Steelup view of the Steel--clad Tungsten Platesclad Tungsten Plates

Tungsten 
Plates
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Diving with Shielding in Place

Additional 1 ft x 2 ft 
Tungsten panels

Tungsten Shielding in ActionTungsten Shielding in Action
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Tungsten versus Steel Comparison

2429 mrem/hr

565 mrem/hr

206 mrem/hr

0 mrem/hr 500
mrem/hr

1000
mrem/hr

1500
mrem/hr

2000
mrem/hr

2500
mrem/hr

3000
mrem/hr

General Area
(underwater)

3 Inch Steel Plate

2 Inch Tungsten w/ 1/2
Inch Steel Cladding
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Tungsten Plate Shield Savings

Unit 1 Steam Dryer Side Plate Mod Tungsten Plate Unit 1 Steam Dryer Side Plate Mod Tungsten Plate 
Shielding Savings:Shielding Savings:

141.1 rem
Savings above reflects absolute savings versus no shielding.  ReSavings above reflects absolute savings versus no shielding.  Realistically, the 3 alistically, the 3 

inch Steel plates would have been used at a minimum.  Against thinch Steel plates would have been used at a minimum.  Against that at 
alternative, the Tungsten plates saved the following dose:alternative, the Tungsten plates saved the following dose:

Tungsten Plate Shielding Savings versus Steel Plate:Tungsten Plate Shielding Savings versus Steel Plate:

21.9 rem
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Future Directions

With each of the originally designedWith each of the originally designed--for applications for applications 
completed, the Tungsten is available for additional completed, the Tungsten is available for additional 
applications at Quad Cities and other Exelon sitesapplications at Quad Cities and other Exelon sites
These include:These include:

Dresden Unit 2 Steam Dryer Mod (plates)
Irradiated In-Core probe shielding (pellets)
RWCU System small bore line shadow shielding (plates)
Wherever a mobile shadow wall is needed

Additional research is going into development of extruded Additional research is going into development of extruded 
Tungsten/plastic “tape” that can be easily wrapped around Tungsten/plastic “tape” that can be easily wrapped around 
piping and rubber encasing of Tungsten for custompiping and rubber encasing of Tungsten for custom--
formed pipe shieldingformed pipe shielding
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The Keys to Effective Use of Tungsten

Key factors to consider:Key factors to consider:
Space and Environmental considerations
Long-term storage / disposal
Potential for multiple applications

Remember:Remember:
Make the solution fit your needs
Lead still remains the simple fix, but sometimes a little 
creativity is required...
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Concluding Remarks

Thank You.

Comments?Comments?
Questions?Questions?



DC Cook Chemistry Strategies  toDC Cook Chemistry Strategies  to
Source Term ReductionSource Term Reduction
Post SG ReplacementPost SG Replacement

ByBy

Dr. David Miller, DC CookDr. David Miller, DC Cook

Patricia Robinson, (n,p) Energy, Inc.Patricia Robinson, (n,p) Energy, Inc.

4th ISOE European Workshop4th ISOE European Workshop

Occupational Exposure Mgt.Occupational Exposure Mgt.

Lyon, Fr.  24-26  March 2004Lyon, Fr.  24-26  March 2004



D.C. Cook 1,2D.C. Cook 1,2
1090 1090 MWeMWe, W-4 Loop, Ice Condenser, W-4 Loop, Ice Condenser

U1 R19 Refueling, October 2003
Forecast  1.25   man-Sv, 34.5 Days
Actual      0.799 man-Sv, 38.5 Days



Call Your Site Chemist  IFCall Your Site Chemist  IF……..

 IFIF…… PWR Shutdown  PWR Shutdown Curie ReleaseCurie Release is is NOT DECREASING NOT DECREASING outage to outage to
outageoutage

IFIF……Primary System Primary System Component Dose RatesComponent Dose Rates are  are NOTNOT
DECREASING DECREASING (e.g. valves, HX, pumps) outage to outage(e.g. valves, HX, pumps) outage to outage

 IFIF……Transient dose ratesTransient dose rates related to cavity flood up  related to cavity flood up is is occuringoccuring

 IFIF……RCS RCS Components ContaminationComponents Contamination levels are  levels are NOTNOT  DECREASINGDECREASING
outage to outageoutage to outage

 IFIF……Steam Generator Dose RatesSteam Generator Dose Rates are  are NOTNOT  DECREASINGDECREASING outage to outage to
outageoutage

SOURCE TERM REDUCTIONSOURCE TERM REDUCTION
OPPORTUNITIES EXISTOPPORTUNITIES EXIST



DC Cook U1DC Cook U1

 Steam Generator ReplacementSteam Generator Replacement
 Performed at End of a 3 Year ShutdownPerformed at End of a 3 Year Shutdown

 Fall 2000:  New SGFall 2000:  New SG
 B&W Model 51RB&W Model 51R

 Expected Significant Increases  in SourceExpected Significant Increases  in Source
Term Due to Replacement S/GTerm Due to Replacement S/G’’ss
 Consistent with US Operating ExperienceConsistent with US Operating Experience



US Operating History- Post SGRUS Operating History- Post SGR
High Co-58 Curie ReleaseHigh Co-58 Curie Release

TotalTotal
 Co-58, Co-58,CiCi..

Reference.  EPRI 1003389, Final Report 11/20031 Curie=37GBq

SGR=Steam Generator Replacement Outage



End of Cycle & ShutdownEnd of Cycle & Shutdown
Chemistry StrategiesChemistry Strategies

 Operating pH(t) = 7.1Operating pH(t) = 7.1
 Reduced to 6.5 pH(t)Reduced to 6.5 pH(t)

 During During DownpowerDownpower
 Optimize acid reducing environment.Optimize acid reducing environment.

 Controlled Forced OxygenationControlled Forced Oxygenation
 Peroxide Injection Mode 5Peroxide Injection Mode 5

 Increased Letdown Flow RateIncreased Letdown Flow Rate
 from 120 GPM to 200 GPM (27.2 to 45.2 mfrom 120 GPM to 200 GPM (27.2 to 45.2 m33/hr)/hr)
 2 Vessels operated in parallel2 Vessels operated in parallel

 Used PRC-01 New Technology for PurificationUsed PRC-01 New Technology for Purification
 Improve Particulate RemovalImprove Particulate Removal

•• Mitigate source term DepositionMitigate source term Deposition



DC Cook U1 R19DC Cook U1 R19

 Decision to Use NPE Engineered SolutionsDecision to Use NPE Engineered Solutions
 and PRC-01 technology and PRC-01 technology
 Based on Outstanding Results from Lead PlantsBased on Outstanding Results from Lead Plants
 Turkey Point-3,4, St. Lucie 1,2, VC SummerTurkey Point-3,4, St. Lucie 1,2, VC Summer

 Based on Expected Value Proposition to DC CookBased on Expected Value Proposition to DC Cook
 Lower Outage ExposureLower Outage Exposure
 INPO GoalINPO Goal
 Less ContaminationLess Contamination
 Avoided Removal of RTD LinesAvoided Removal of RTD Lines
 Lower Waste Disposal CostsLower Waste Disposal Costs



Engineered SolutionsEngineered Solutions
PRCPRC-01 Technology-01 Technology

 (n,p) Energy, Inc.(n,p) Energy, Inc.
 Technology Recently Advanced in Separation ScienceTechnology Recently Advanced in Separation Science
 Exclusively Licensed from Los Alamos National LaboratoryExclusively Licensed from Los Alamos National Laboratory

 Engineered Solution from (n,p) Energy, Inc.Engineered Solution from (n,p) Energy, Inc.
 First of A Kind Engineering IntegrationFirst of A Kind Engineering Integration
 New Ideas for Faster Shutdown SequenceNew Ideas for Faster Shutdown Sequence

 Response toResponse to
 Variable and Unpredictable Outage RCS Clean-Up TimeVariable and Unpredictable Outage RCS Clean-Up Time
 Cavity Transient Dose Rates During RefuelingCavity Transient Dose Rates During Refueling
 Degrading Plant  Radiation Worker ConditionsDegrading Plant  Radiation Worker Conditions

 Approach: Approach:    Use "Open Innovation" Teaming Use "Open Innovation" Teaming
 Smart People:   FPL HP -  Chemistry  -  Engineering  - OperationsSmart People:   FPL HP -  Chemistry  -  Engineering  - Operations
 Recognition of Other Smart People:  Science and EngineeringRecognition of Other Smart People:  Science and Engineering

ExpertsExperts
 Los Alamos National Lab - (n,p) Energy, Inc.Los Alamos National Lab - (n,p) Energy, Inc.



PRC-01 Media TechnologyPRC-01 Media Technology

Conventional
Mixed Bed

Resin

PRC-01PRC-01

Filter/ IX MediaFilter/ IX Media

 Particles to Big  to Ion ExchangeParticles to Big  to Ion Exchange

 To Small, < 0.1 micron , toTo Small, < 0.1 micron , to
Mechanically FilterMechanically Filter

 Existing Plant EquipmentExisting Plant Equipment
 Uses CVCS Demineralizer VesselUses CVCS Demineralizer Vessel



1st Use Turkey Point-3 and St. Lucie-21st Use Turkey Point-3 and St. Lucie-2
2000 Refueling Outages2000 Refueling Outages



Note: R20 Core/RHR Crud Burst Peak 0.7 µCi/cc, adjusted to full RCS Volume Equivalent
for R18, R19 comparison purposes

Turkey Point - 3:Turkey Point - 3:
Reduced Co-58 Peak @ ShutdownReduced Co-58 Peak @ Shutdown



Turkey Point - 4: SubstantialTurkey Point - 4: Substantial
Reduction Co-58 Shutdown Curie ReleaseReduction Co-58 Shutdown Curie Release



Turkey Pt-4 Precise PredictionTurkey Pt-4 Precise Prediction
Shutdown Co-58 Peak Determined from Steady State atShutdown Co-58 Peak Determined from Steady State at
Power Co-58 ConcentrationPower Co-58 Concentration

(59.6 kBq/g)

(8.5 kBq/g)

(282 Bq/g)

(11 Bq/g)

(15.1 Bq/g)



Turkey Point-4Turkey Point-4
SG Dose Rate TrendSG Dose Rate Trend

(59.6 kBq/g)

(8.5 kBq/g)

(3.14 Bq/g)



Accurate Forecasting ofAccurate Forecasting of
Shutdown PeakShutdown Peak
Turkey Point-3:  3rd PRC UseTurkey Point-3:  3rd PRC Use

(122 kBq/g)

(41 kBq/g) (13 kBq/g)

(4.1 kBq/g) Full RCS

(184 Bq/g)

(32.8 Bq/g)

(12 Bq/g) (2.6 Bq/g)



Turkey Point-U4R20 Faster ShutdownTurkey Point-U4R20 Faster Shutdown
Enabled by PRC TechnologyEnabled by PRC Technology

U4R20- 15 day 15 hour 45 minute Refuel OutageU4R20- 15 day 15 hour 45 minute Refuel Outage



Less Activity = Faster Clean-upLess Activity = Faster Clean-up
Critical Path Reduction OpportunitiesCritical Path Reduction Opportunities

 Turkey Point -3R21Turkey Point -3R21
 24 hour Shorter Clean-up24 hour Shorter Clean-up

 Turkey Point -4R21Turkey Point -4R21
 32 hours Shorter Clean-up32 hours Shorter Clean-up

 St. Lucie U1R12St. Lucie U1R12
 16 hours Shorter Clean-up16 hours Shorter Clean-up



Results: Turkey Point 3,4Results: Turkey Point 3,4
Decrease in Contamination LevelsDecrease in Contamination Levels

 RCS ValvesRCS Valves
 Before 1 to 5 Before 1 to 5 mRadmRad/ 100 cm/ 100 cm22 Smearable Smearable
 After:  50K to 100K After:  50K to 100K dpmdpm/ 100 cm/ 100 cm22

 Cavity  Contamination ReductionCavity  Contamination Reduction
 Before: 1 to 5Before: 1 to 5 mRad mRad/ 100 cm/ 100 cm22 Smearable Smearable
 After:  50K to 100KAfter:  50K to 100K dpm dpm/ 100 cm/ 100 cm22

 Requires Less Requires Less Decon Decon TimeTime

 Post 3rd Use PRCPost 3rd Use PRC
 Downward Trend ContinuingDownward Trend Continuing
 SG C/L Hot Leg: Reduced 6.8 R/hr to 3.8 R/hrSG C/L Hot Leg: Reduced 6.8 R/hr to 3.8 R/hr

                                                                                     (680  (680 mSvmSv/hr to 380 /hr to 380 mSvmSv/hr)/hr)

 Personal Contamination Events (Personal Contamination Events (PCIsPCIs))
 Reduced from ~200 Reduced from ~200 PCI's PCI's / outage/ outage
 < 50 < 50 PCI'sPCI's/outage/outage
 No Hot ParticlesNo Hot Particles



OE: Turkey Point OE: Turkey Point –– Unit 3 Unit 3
46% Reduction in Effective Dose Rate46% Reduction in Effective Dose Rate



Turkey Point Turkey Point –– Unit 4 Unit 4
EDR For Major Activity CategoriesEDR For Major Activity Categories



Results: Turkey Point-3 R18Results: Turkey Point-3 R18
Dose Reduction by Work CategoryDose Reduction by Work Category

- 0.1- 0.1SnubbersSnubbers- 2.8- 2.8ValvesValves

- 0.2- 0.2MOVsMOVs- 7.0- 7.0Rx CavityRx Cavity

- 6.6- 6.6Sludge LanceSludge Lance- 13.2- 13.2ISIISI

- 3.2- 3.2Rx Head R/RRx Head R/R
-12.5-12.5

(0.125 man-(0.125 man-SvSv))
S/G ECTS/G ECT

AverageAverage

Dose ReductionDose Reduction

(P-REM)(P-REM)

WorkWork

CategoryCategory

AverageAverage

Dose ReductionDose Reduction

(P-REM)(P-REM)

WorkWork

CategoryCategory

--45.8 REM45.8 REM

--(0.458 man-(0.458 man-SvSv))
Totals :Totals :



VC Summer R14VC Summer R14

Location:Location:

JenkinsvilleJenkinsville,SC,SC

Utility:Utility:

SCANASCANA

Reactor Supplier:Reactor Supplier:
W 3-LoopW 3-Loop

Capacity:Capacity:

740 net 740 net MWeMWe

 Hottest 3L Core Design-617Hottest 3L Core Design-617ºº F (325  F (325 ººC)C)

 32 32 µµCiCi/cc (1,184 /cc (1,184 kBqkBq/g) C-58 Peak Post/g) C-58 Peak Post
SGR (2nd RF)SGR (2nd RF)



Indications of "Cleaner Core"Indications of "Cleaner Core"
VC Summer - 3rd Sequential UseVC Summer - 3rd Sequential Use
PRC-01 ShutdownPRC-01 Shutdown

5.7

2.76

1.39

0

1

2

3

4

5

6

Co-58, 
[µCi/cc]

VCS R12 -PRC VCS R13- PRC VCS R14- PRC

Co-58 Shutdown Peak
Exponential Fit:
y = 12.225e-0.744x
R2 = 0.9981

(211 Bq/g)

(102 Bq/g)

(48 Bq/g)



VC Summer R13 VC Summer R13 (2nd PRC Outage)(2nd PRC Outage)

ED Data ED Data ““BB”” RHR HX  RHR HX vs vs RCS Co-58RCS Co-58

After: 60 mr/hr 
Before: 50 mr/hr



Indications of "Cleaner Core"Indications of "Cleaner Core"
VC SummerVC Summer
4th Sequential Use PRC4th Sequential Use PRC

Exponential Fit:
y = 12.225e-0.744x
R2 = 0.9981

FORECASTFORECAST

(48 Bq/g)

(22 Bq/g)



PRC-01 PWR Refueling OutagesPRC-01 PWR Refueling Outages……
23 Reactors 23 Reactors ……15 Sites15 Sites……35 RF Outages35 RF Outages

       = LEAD PLANTS
BWR: Hope Creek Screening Tests

PaloPalo
VerdeVerde

Ft CalhounFt Calhoun

SeabrookSeabrook

Salem 1,2Salem 1,2 HopeHope
CreekCreek

Sequoyah 1,2Sequoyah 1,2

CalvertCalvert
 Cliffs Cliffs

VC SummerVC Summer

Farley 1,2Farley 1,2

Vogtle Vogtle 1,21,2

St Lucie 1,2

Turkey Point 3,4

DC Cook-1,DC Cook-1,22

BeaverBeaver
Valley-1Valley-1

DiabloDiablo
Canyon-1,Canyon-1,22

PalisadesPalisades

 = NPP Planned Fall 2004



DC Cook: DC Cook: RCS Clean-UpRCS Clean-Up
1st & 2nd Shutdown Post SGR1st & 2nd Shutdown Post SGR

 1st Refueling Post SGR1st Refueling Post SGR
Core Release with Forced OxygenationCore Release with Forced Oxygenation
 88 uCi uCi/gram 58Co peak (296/gram 58Co peak (296 kBq kBq/g)/g)

 Cycle 18- Forced Outage (12 Month)Cycle 18- Forced Outage (12 Month)
Core Release with Forced OxygenationCore Release with Forced Oxygenation
 Expected > 10 Expected > 10 µµCiCi/cc  (370 /cc  (370 kBqkBq/g)/g)

 Actual:  = 0.89Actual:  = 0.89 uCi uCi/cc 58Co peak (33 /cc 58Co peak (33 kBqkBq/g)/g)

 2nd Post SGR2nd Post SGR
Core Release with Forced OxygenationCore Release with Forced Oxygenation
 Expected > 10 Expected > 10 µµCiCi/cc/cc

 Actual:  = 1.27Actual:  = 1.27 uCi uCi/cc 58Co peak (22.2 /cc 58Co peak (22.2 kBqkBq/g)/g)



DC Cook 1R19 ShutdownDC Cook 1R19 Shutdown
Post SGR Co-58 Curie ReleasePost SGR Co-58 Curie Release

 No Zinc InjectionNo Zinc Injection

 pH = 7.1 at PowerpH = 7.1 at Power

 PRC-01 Ultra Filtration TechnologyPRC-01 Ultra Filtration Technology
 1R18 1st Post SGR1R18 1st Post SGR

 1R19 2nd Post SGR1R19 2nd Post SGR

3,374 3,374 Ci Ci Co-58Co-58
1R181R18

633 633 CiCi. Co-58. Co-58
1R191R19

5 X Reduction5 X Reduction
Shutdown Co-58Shutdown Co-58

Curie ReleaseCurie Release



US Operating History- Post SGRUS Operating History- Post SGR
High Co-58 Curie ReleaseHigh Co-58 Curie Release

TotalTotal
 Co-58, Co-58,CiCi..

Reference.  EPRI 1003389, Final Report 11/20031 Curie=37GBq

SGR=Steam Generator Replacement Outage



Results: SG Cold LegResults: SG Cold Leg
50% to 66% Reduction in Dose  Rates50% to 66% Reduction in Dose  Rates

450 mSv/hr

100 mSv/hr



 Results: SG Hot Leg Results: SG Hot Leg
25% to 50% Reduction in Dose  Rates25% to 50% Reduction in Dose  Rates

400 mSv/hr

120 mSv/hr



DC Cook U1R18 DC Cook U1R18 Letdown HXLetdown HX
Electronic Dosimeter Used forElectronic Dosimeter Used for
Process MonitoringProcess Monitoring

DC Cook U2C13 - Letdown Hx
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DC Cook U1 R19DC Cook U1 R19
Outage Exposure Outage Exposure Final ResultsFinal Results

 Forecast:  125 REM (1.25 Forecast:  125 REM (1.25 SvSv))
 Final:  79.8 REM (7.98 Final:  79.8 REM (7.98 SvSv))

 Includes +10 REM (0.1 Includes +10 REM (0.1 SvSv) of) of
Emergent and ReworkEmergent and Rework

 ALARA:ALARA:
 - 10 REM  (0.10 - 10 REM  (0.10 SvSv))
 HP practices and shieldingHP practices and shielding

 Source Term:Source Term:
 - 35 REM ( 3.5 - 35 REM ( 3.5 SvSv) Reduction) Reduction
 Chemistry PracticesChemistry Practices
 PRC-01 Media Use for 2PRC-01 Media Use for 2

Refueling OutagesRefueling Outages

 Personnel Contamination EventsPersonnel Contamination Events
 47% Reduction47% Reduction

 RTD LinesRTD Lines
 ~ 30 - 50% lower Dose Rate~ 30 - 50% lower Dose Rate

U1C18U1C18

 Pressurizer Pressurizer DeckDeck
  ~ 30% lower than U1C18 ~ 30% lower than U1C18

 Regenerative HeatRegenerative Heat
ExchangersExchangers
 ~ 200% lower than U1 C18~ 200% lower than U1 C18

 Less Shielding andLess Shielding and
ScaffoldingScaffolding



DC Cook U1R19 Cost/BenefitDC Cook U1R19 Cost/Benefit
Value PropositionValue Proposition

 PRC-01 Technology & Good ChemistryPRC-01 Technology & Good Chemistry
 35 REM Reduction35 REM Reduction
 Valued at $18,000 per Man-Valued at $18,000 per Man-RemRem
 $630,000 Cost/Benefit$630,000 Cost/Benefit

 No RTD Line RemovalNo RTD Line Removal
 Costs Avoided for Removal = $2,500,000 USDCosts Avoided for Removal = $2,500,000 USD

 Critical Path- Faster Clean-UpCritical Path- Faster Clean-Up
 24 hours Reduction24 hours Reduction
 Critical Path Time ValuationCritical Path Time Valuation

•• $50,000 USD per hour$50,000 USD per hour
•• $1,200,000 Savings Provided Refueling Path is Critical Path$1,200,000 Savings Provided Refueling Path is Critical Path

 Reduced Low Level Waste Disposal CostsReduced Low Level Waste Disposal Costs
 Reduced Co-60 Curie Surcharge for ResinsReduced Co-60 Curie Surcharge for Resins

•• $250,000 saved$250,000 saved



ConclusionsConclusions

 Successful Reduced Source TermSuccessful Reduced Source Term
 Without Use of Zinc InjectionWithout Use of Zinc Injection

 Without Fuel DecontaminationWithout Fuel Decontamination

 Chemistry StrategiesChemistry Strategies
 Strict control on pH(t) during cycleStrict control on pH(t) during cycle

 Decrease pH at End of Cycle and ShutdownDecrease pH at End of Cycle and Shutdown

 (n,p) Energy Solutions and PRC-01(n,p) Energy Solutions and PRC-01
TechnologyTechnology
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BACKGROUND 
 
According to the latest (2000) Report of the United Nations Scientific Committee on the Effects of Atomic 
Radiation (UNSCEAR), an estimated 11 million workers worldwide are monitored for exposure to ionizing 
radiation.  They incur radiation doses attributable to their occupation ranging from a small fraction of the 
global average background exposure to natural radiation up to several times that value.   
 
The International Basic Safety Standards for Protection against Ionizing Radiation and for the Safety of 
Radiation Sources, BSS [1], establish a system of radiation protection of which the provisions for 
occupational exposure are a substantial component. Supporting guidance is provided in three interrelated 
Safety Guides, jointly sponsored by the IAEA and the ILO [2-4], describing, for example, the implications 
for employers in discharging their main responsibilities (such as setting up appropriate radiation protection 
programmes) and similarly for workers (such as properly using the radiation monitoring devices provided to 
them). 
 
It should be noted, however, that radiation protection is only one factor that must be addressed in order to 
protect the worker’s overall health and safety.  The occupational radiation protection programme should be 
established and managed in co-ordination with other health and safety disciplines, such as industrial hygiene, 
industrial safety and fire safety. 
 
Less than half of the occupationally exposed workers are exposed to artificial radiation sources.  The 
majority is exposed to elevated levels of natural radionuclides receiving a higher average annual dose than 
those workers exposed to artificial sources. Some of these exposures are amenable to control but others are 
not.   
 
INTERNATIONAL CONFERENCE 
 
In order to address these issues the first International Conference on Occupational Radiation Protection, 
hosted by the Government of Switzerland, was organized by the IAEA, which convened it jointly with ILO. 
It was co-sponsored by the European Commission (EC) and held in co-operation with the World Health 
prganization (WHO) and the OECD Nuclear Energy Agency (NEA) and also with UNSCEAR, the 
International Commission on Radiological Protection (ICRP), the International Commission on Radiation 
Units and Measurements (ICRU), the International Electrotechnical Commission (IEC), the International 
Radiation Protection Association (IRPA) and the International Society of Radiology (ISR). It was held at the 
Headquarters of the ILO, Geneva, from 26 to 30 August 2002, and attended by 328 participants from 72 
countries and 12 organizations.  
 
The Conference was the first international conference to cover the whole area of occupational radiation 
protection, including infrastructure development, radiation monitoring, stakeholder involvement, and the 
probability of causation of occupational harm attributable to radiation exposure. The Proceedings of the 
Conference [5] contain all the presentations and discussions as well as summaries of each session and the 
findings and recommendations of the Conference. The contributed papers are provided on a CD-ROM, 
which accompanies the Proceedings. 
 

The findings and recommendations of the Conference were considered in September 2002 by the IAEA 
General Conference, which requested the IAEA “… to look into the possibility of the IAEA co-operating 
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with the International Labour Organization and other relevant bodies in formulating and implementing…an 
international action plan for occupational radiation protection”. 
 
ACTION PLAN 
 
The Action Plan for Occupational Radiation Protection was developed by the IAEA in co-operation with the 
ILO and reviewed by the organizations involved in the Geneva Conference, the International Confederation 
of Free Trade Unions (ICFTU) and the International Organisation of Employers (IOE), and also by the 
programme committee, chairpersons, keynote speakers, rapporteurs and panellists. The overall objective of 
the Action Plan is to focus the efforts of the relevant international organizations, in particular the IAEA and 
ILO, to assist their Member States in establishing, maintaining and, where necessary, improving programmes 
for the radiation protection of occupationally exposed workers.  The Action Plan was approved by the IAEA 
Board of Governors on 8 September 2003.  
 
Proposed Actions 
 
The proposed actions for strengthening occupational radiation protection worldwide are grouped according 
to nine areas that provide a logical division of tasks to be carried out. A brief summary of the Action Plan 
(available on http://www-rasanet.iaea.org/downloads/meetings/action_plan_orp2003.pdf) is given below. 
 
ILO Convention 115 
 
The Geneva Conference noted that ILO has the overall responsibility for occupational safety and health, 
which it discharges in the radiation protection context mainly through the promotion of ILO Convention No. 
115 - a powerful tool for enhancing occupation radiation protection. The Action Plan proposes increased 
collaboration between the IAEA and ILO to further promote the ratification and implementation of ILO 
Convention No. 115. 
 
The ILO code of practice on “Radiation protection of workers (ionising radiations)” 
 
This code of practice, published in 1987, has continued to be used by all three parties in ILO (workers, 
employers and governments) as the basis for protection standards to be observed in activities involving 
exposure of workers to ionizing radiation.  However, there are differences between the terminology used in 
this code of practice and that used in more recent IAEA documents on occupational radiation protection that 
have been co-sponsored by ILO, and the view was expressed that the terminology used in the code of 
practice may need further consideration. 
 
Co-operation between the IAEA and ILO in reaching developing countries 
 
The Geneva Conference called for closer co-operation between the IAEA and ILO in strengthening 
occupational radiation protection in developing countries. The Action Plan brings up this issue, also 
emphasizing the importance of the participation of labour departments and of workers’ and employers’ 
organizations in the establishment of occupational radiation protection programmes. 
 
Information exchange to promote greater awareness and understanding 
 
Several of the findings of the Geneva Conference relate to information exchange between interested parties. 
Wider dissemination of information and more active involvement of workers, employers, regulators and 
radiation protection specialists in information exchange should lead to a better and broader understanding of 
radiation protection practices and promote the evolution of safety cultures in the workplace. Two actions 
should therefore be initiated: 
- Development of publicity materials in the form of posters and leaflets that target groups of workers 
identified as likely to benefit directly from the information provided.  
- The IAEA to provide a focal point, on a website, where networks may be established for exchanges of 
information, experience and lessons learned between interested parties. The European ALARA Network and 
the ISOE are good examples of such networks, as is ILO’s International Occupational Safety and Health 
Information Centre (CIS) with its national collaborating centres. 
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Education and awareness 
 
A) Basic education for workers 
 

 Occupationally exposed workers need to have a basic awareness and understanding of the risks posed by 
exposure to radiation and of the measures for managing those risks to enable them to understand the purpose 
of specific rules and procedures that they may be required to follow; to allay any unnecessary concerns about 
their safety and health; and to enable them to play the role that corresponds to their importance as 
stakeholders. It is therefore proposed that the IAEA, in consultation with ILO and drawing on the experience 
of trade unions and other stakeholder organizations, prepares and disseminates suitable information materials 
to workers’ representatives and labour educators. 
 
B) Education and awareness-raising of medical professionals 
 
In new areas of medical practice, especially interventional radiology, there is a potential for very high 
occupational exposures. Attention needs to be paid to the control and reduction of such exposures, and this 
requires continued efforts in graduate and postgraduate education and in awareness-raising of the medical 
professionals involved.  It is proposed that the IAEA, in consultation with professional medical bodies such 
as the ISR, critically examines existing postgraduate education and awareness-raising packages for medical 
professionals, including those now being produced by ICRP, develops and disseminates any further material 
as necessary. 
 
Exposure to enhanced natural radiation in the workplace 
 
The Geneva Conference concluded that clearer guidance was needed to assist regulatory bodies in deciding 
what activities to regulate and how to apply a suitable graded approach to the regulation of enhanced natural 
radiation that is compatible with protection against exposures from artificial sources. The IAEA has already 
initiated a programme of work on exposure to natural radiation, based on recommendations made at a 
technical committee meeting on The Assessment of Occupational Protection Conditions in Workplaces with 
High Levels of Exposure to Natural Radiation held in May 2001. In support of this programme, the IAEA 
should assist authorities in identifying activities involving exposure to natural radiation that may need to be 
controlled, and generate and disseminate additional sector-specific information on radioactivity levels, 
exposure conditions, and chemical and physical characteristics of airborne pollutants in workplaces 
involving naturally occurring radioactive material. 
 
Promotion of a holistic approach to workplace safety 
 
It is important that radiation protection and other safety measures in the workplace not conflict with each 
other - that, more positively, they reinforce each other in the overall context of safety awareness and safety 
culture. To promote a holistic approach the IAEA and ILO should collaborate in devising strategies for 
achieving a better understanding between radiation protection practitioners on one hand and occupational 
health and safety practitioners on the other and for developing coherent approaches to safety in the 
workplace. 
 
Formulation and application of standards for the protection of pregnant workers and their embryos and 
foetuses 
 
Presentations were made at the Geneva Conference which indicated that, in the case of certain radionuclides, 
some possible exposure routes for pregnant workers and their embryos and foetuses might not have been 
properly identified and that there might be a need for further international guidance on the formulation and 
application of standards for their protection.  The IAEA is to review current information on this issue in 
order to determine whether the issue warrants action at the international level. In addition to the work 
described in the presentations made at the Geneva Conference, relevant work has been done in a number of 
countries and by a number of bodies (such as ICRP). 
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Probability of causation of occupational harm attributable to radiation exposure 
 
ILO Convention No.121 (1964), concerning benefits in cases of employment injury, provides for 
compensation for diseases caused by ionizing radiation. The Geneva Conference noted, however, that 
occupationally exposed workers may develop diseases similar to those developed by members of the general 
public, including cancers. Some of these diseases may be attributable to radiation exposure at work, and a 
mechanism for deciding on attributability is essential. In several countries, mechanisms using probability-of-
causation schemes based on dose records and agreed risk factors are being applied. Such schemes, which 
need to be agreed between employers and workers, can provide for rapid and appropriate compensation to 
workers or their dependents.  
 
At the Geneva Conference, it was noted that dose reconstruction is an essential component of compensation 
schemes and the view was expressed that the international organizations should continue discussions directed 
towards the preparation of guidelines for assisting in the establishment of compensation schemes. An 
informal IAEA/ILO/WHO meeting held in 2000 produced a report on The potential for developing joint 
international guidance for aiding decision making on attributing cases of detrimental health effects to 
occupational exposure to ionizing radiations, including concrete recommendations for further work on this 
issue.  The Action Plan is in support of the IAEA continuing its work on developing international guidance 
for aiding decision-making on the attribution of cases of detrimental health effects to occupational exposure 
to ionizing radiation, in collaboration with ILO, WHO, NEA and other relevant bodies and drawing on the 
experience of other stakeholders.  
 
STEERING COMMITTEE 
 
In order to ensure the successful implementation of the Action Plan the IAEA and ILO has established a 
Steering Committee with the overall remit to advise on, monitor, and assist in the practical implementation 
of the Action Plan.  Participants in the Steering Committee consist of representatives of a number of 
interested Member States and interested international organizations, including employers’ and workers’ 
organizations. 
 
The first meeting of the Steering Committee was held in Vienna 4-6 February 2004. The meeting agreed on 
the Terms of Reference for the Steering Committee and proposed concrete actions to be taken for the 
implementation of the Action Plan, also advising on priorities. The Steering Committee will meet again in 
12-18 months. 
 
REFERENCES 
 
[1] FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS, INTERNATIONAL 

ATOMIC ENERGY AGENCY, INTERNATIONAL LABOUR ORGANISATION, OECD NUCLEAR 
ENERGY AGENCY, PAN AMERICAN HEALTH ORGANIZATION, WORLD HEALTH ORGANIZATION, 
International Basic Safety Standards for Protection against Ionizing Radiation and for the Safety of Radiation 
Sources, Safety Series No 115, IAEA, Vienna (1996). 

 
[2] INTERNATIONAL ATOMIC ENERGY AGENCY, INTERNATIONAL LABOUR OFFICE, Occupational 

Radiation Protection, Safety Standards Series No. RS-G-1.1., IAEA, Vienna (1999). 
 
[3] INTERNATIONAL ATOMIC ENERGY AGENCY, INTERNATIONAL LABOUR OFFICE, Assessment of 

Occupational Exposure Due to External Sources of Radiation, Safety Standards Series No. RS-G-1.3, IAEA, 
Vienna (1999). 

 
[4] INTERNATIONAL ATOMIC ENERGY AGENCY, INTERNATIONAL LABOUR OFFICE, Assessment of 

Occupational Exposure Due to Intakes of Radionuclides, Safety Standards Series No. RS-G-1.2, IAEA, Vienna 
(1999). 

 
[5] INTERNATIONAL ATOMIC ENERGY AGENCY, Occupational Radiation Protection: Protecting Workers 

against Exposure to Ionizing Radiation, Proceedings of an International Conference, Geneva, 26-30 August 
2002, IAEA, Vienna (2003). 



RADIATION PROTECTION IN THE DESIGN AND MODIFICATIONS OF 
INSTALLATIONS 
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In accordance with the basic principles of radiation protection, as outlined in the BSS, provisions 
are required to be made in the design to comply with the Radiation Protection Objective: “To 
ensure that in all operational states radiation exposure within the installation or due to any 
planned release of radioactive material from the installation is kept below prescribed limits and as 
low as reasonably achievable, and to ensure mitigation of the radiological consequences of any 
accidents,  furthermore to ensure with a high level of confidence that, for all possible accidents 
taken into account in the design of the installation, including those of very low probability, any 
radiological consequences would be minor and below prescribed limits. 
The fundamental role of optimization in the design of a plant and its components is to decide 
which engineering provisions for controlling radiation doses are practicable. In most cases, the 
optimization should achieve a balance taking into account the need for dose reduction, the need to 
ensure reliable energy production and the cost involved.  At the design stage of plant, or for a 
major modification or decommissioning where a major expenditure is involved, the use of a more 
structured approach is appropriate and decision aiding techniques can be used. More over those 
decision aiding techniques shall be installed in such a manner that would be opportunity to 
receive the results of control and monitoring and process them as soon as possible.  
From this point of view  the Armenian NPP, as it was designed constructed 25 years ago, many of 
systems for radiation protection and safety control are became obsolete and need to be 
modernized . 
The radiation monitoring of the ANPP internal areas, discharges, personnel dose is performed by 
several systems do not more meet the present sensitivity and reliability, national and international 
requirements.  
With help of EC -TACIS  2000 PROGRAMME the operational organization submitted to 
Armenian Nuclear Regulatory Authority for the approval the technical specification prepared by 
SOGIN organization, for modernization of radiation monitoring system (Improvement of I & C 
systems. Modernization of Radiation Monitoring System. Project A1.01/00B4).  
Purpose of this modernization is the adjournment of these systems by providing new automatic 
computerized monitoring system, by replacing not more usable radiation detectors, by adding 
monitoring sub-systems to perform new required functions, by improving the plant capability of 
monitoring personnel dose and vehicles entering or leaving the plant. 
In detail, the following are the objects of modernization: 
a) the automatic monitoring system “8004”: It is a 201 channels radiation-monitoring 

system designed for the remote management of movable detectors, stationary placed in the 
monitoring location (see Fig. 1). 
The results of the measurements are numerically presented in specific displays in the 
Radiation Monitoring Room and manually recorded by an operator that provides also to the 
calculation of the radiation dose associated to each numerical reading. 



One of the purposes of modernization of the 8004 system by introducing a new 
computerized system. It shall be capable to acquire the pulses/voltages signals from the 
existing detectors, to convert them into a digital format and to perform all the radiation 
dose calculations. It will provide also all the pieces of information to the operator through a 
computer based display system. 
 

 
 
The modernization equipment to be supplied takes the input signals from the existing “8004” 
RMS input rack in form of voltage pulses for the functions and the characteristics reported in 
Table 1. 
These signals need to be converted in a format suitable to be processed by a computer system, i.e. 
in digital format. This conversion can be done directly by a single component 
(Acquisition/Conversion Unit) or, more commonly, by two separate components (A/D 
Conversion Unit (ADCU) and Digital Acquisition Unit (DAU)). The ADCUs will perform the 
interface function between the existing system and the new equipment. They will perform also 
the conversion of the input signals in digital format to be used more properly by the following 
DAUs and will be suitable to the type of radiation measurement performed by the detectors 
connected to them. The DAUs will acquire the digital signals and will make them available to the 
Microprocessor Unit (µPU). The conceptual layout of the interface between old “8004” and new 
system is reported in Figure 3. 
 



 
 
TABLE 1 
 

Measurement 
Type 

Unit Unit 

Measure
ment 

Input signal 
amplitude 

(Volt) 

Duration 
(µs) 

Input Impedence 
(ohm) 

New System 
Input signal 

range 
(cps) 

γ−1 µr/s µr/s -0.8 5 150 3.5 – 700 10 

γ−2 µr/s µr/s -1.5 2 150 3.3 – 1100 95 

γ−15 µr/s µr/s   150 1.8x103-1.8x106 1 

β−gas1 Ci/l Ci/l -1.8 – 3 5 150 4 – 800 52 

β−gas2 Ci/l Ci/l -2 – 4 5 150 3.5 – 3500 13 

γ µr/s µr/s -4.5 5 150 2.4 – 2400 6 

γ µr/s µr/s -4.5 5 150 45 – 45000 0 

Aero
sol γ 

Ci/l Ci/l   150  8 

      Total 185 

 
b)Enhancement of aerosol radiation monitoring: The detectors that are in charge of the 
monitoring of gaseous aerosols through stack releases have accumulated more then 25 years of 
operation, are quite obsolete and do not more meet the present safety requirements. Therefore a 
new set of aerosol detectors shall be added to the system. 
This activity consists essentially on the replacement of the existing equipment with 8 complete 
devices for the continuous monitoring of the beta specific activity of the particulate phase in the 
air sampled in eight release points, called Continuous Air Monitors (CAM). The air pumps and 



the associated piping to transport the air to the collection devices are already operating in a 
satisfactory manner at the plant and are not included in the scope of supply. 
The Functional Characteristics of the new equipment shall be the following: 

1. Measurement range: 10-10   ÷ 10-7 µCi/ml  
2. The CAM’s volumetric activity values shall be updated every 5 - 10 minutes in normal 

operation. 
3. Since the existing air pumping system shall be used, the functional characteristics of the 

CAM shall cope with existing pumping system features. 
4. The volumetric activity values of eight CAMs, updated every 5 - 10 minutes in normal 

operation, must be shown locally and sent to the new 8004 computers for data 
management and storage.  

c)Replacement of the blow-down water radiation monitoring system: The same obsolescence 
phenomena affects also the system for the monitoring of the blow-down water of the primary and 
secondary circuits and of the service water. 
The monitoring of the SGB and Service Water (SW) lines, shall be performed by two separate 
systems, each based on two detectors (GM tubes) as follows: 
N. 1 detector for the lower part of the detection range (10-10 ÷10-8) 
N. 1 detector for the upper part of the detection range (10-9 ÷10-7) 
The two GM tubes, the reading of which shall cover all the measuring range, shall have distinct 
connectors for high-voltage input and for signal outputs. 
The Alarm capability of the system shall be the following: 
− The alarms must be user-configurable, with thresholds set-up by software over the entire 

operating range.  
− The audible warning will take place anytime the alarm set points have been exceeded. 
− Energy backup for the alarm indication and the reporting function of the system must be 

assured for about 15 minutes, after a loss of main power. 
− Low number of the false alarms (less than 1 ÷ 2 per month) for any chosen counting time. 
− The alarm must be displayed on a digital display both locally and in the ANPP Control 

Room. 
d)Improvement of the personal dose monitoring: Full adoption of the TLD technology to 
rapidly and efficiently monitor the dose to the ANPP and visitors personnel. 
To integrate the present supply of personal dose monitoring devices, a lot of Thermo-
Luminescence Dosimeters (TLD) badges must be provided completed by a specific reading 
equipment. 
c)Implementation of a vehicle monitoring system: Presently no monitoring is performed on 
vehicles entering of leaving the ANPP.  

The Vehicle Monitoring System (VMS), as shown in Fig. 4, shall be constituted by: 
− N. 2 (or more) shielded large surface detectors (normally plastic scintillator) on both side of 

vehicle portal;  
− The needed pre-amplifiers and other detector electronics; 
− The processing unit 
− The traffic light operated both by the operator and automatically by the process unit. 
− Audio and Visual alarm in case of threshold exceeding. 
− The servomechanism to unlock and open the door both by the operator and automatically by 

the process unit. 
− The software to automatism the scanning, to manage the data and to command the signaling 

and opening devices. 
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Unexpected Dose Increase at Cofrentes NPP during Refuelling Outage 

14 (2003) 
 

 
1.- Description of  the dose rate increase in the drywell. 
 
At the beginning of the outage 14 for refuelling at Cofrentes NPP (September 2003) elevated radiation fields 
were observed in the drywell. A three time increase was measured in contact with the surfaces of the reactor 
water recirculation system piping, the main source of the drywell general ambient dose rate. This behaviour is 
shown below in Figure 1. 
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Figura 1.  The historical BRAC point behaviour at Cofrentes 

 
 
This increase in RFO 14 was uniform in nature (no hot spots) and was accompanied by a 2X increase in general 
area dose rates. 
 



The surface specific activity for the isotopes deposited in the piping has increased significantly, and the isotopic 
composition (in percentage) over the last three refuel outages (RFO's 12, 13 and 14) is shown in Table 1.1 
through Table 1.2 below.  The radiation fields are dominated by the contribution of the Co-60 isotope accounting 
for approximately 85% of the dose in all three RFO measurements.   The significant change between Cycles 14 
and the previous two cycles is a 3X increase of the curies of Co-60 accompanied by similar increases in the 
percentage of Co-58 and Zn-65 on the pipes.  These isotopes are normally associated with a chemical 
incorporation from the coolant into the corrosion film of stainless steel, the classic source the drywell shutdown 
dose rates in BWR's. The total curies of isotopes associated with insoluble crud deposits (Fe-59 and Mn-54) 
actually decreased at the end of Cycle 14, indicating that the observed increase in radiation levels was due only 
to the incorporation of soluble species into the structure of the corrosion films on the pipes and NOT due to 
increased crud deposition.  
 
Note that Cr-51 makes up between 40 and 50% of the total isotopic curie inventory on the surface of the piping, 
although it contributes little to the dose rate.  This isotopic concentration of Cr-51 is very similar to other plants 
using hydrogen addition and is an indicator that, under reducing conditions, chromium is incorporated to the 
corrosion film. 
 
 
Table 1.1  Isotopic source of measured BRAC point radiation (corrected for decay to the first day of the outage). 
 

Isotope RFO12 RFO13 RFO14 % Change  
RFO 13 to 14

Cr-51 (microCi/cm2) 13.8 21.7 56.4 159.9%
Mn-54 (microCi/cm2) 1.9 1.8 1.5 -16.7%
Fe-59 (microCi/cm2) 1.0 1 0.8 -20.0%
Co-58 (microCi/cm2) 1.6 3 12.9 330.0%
Co-60 (microCi/cm2) 12.5 13.7 51.6 276.6%
Zn-65 (microCi/cm2) 2.6 2.7 8.5 214.8%
Sb-124 (microCi/cm2) 0.3 0.3 n/d *

 
Table 1.2  Percentage contribution of the various isotopes to the dose rates at the measured BRAC points 
(corrected for decay to the first day of the outage). 
 

% OF TOTAL DOSE 
RATE (CALC) RFO13 RFO14

Cr-51 0.40 0.6 0.4

Mn-54 3.45 2.9 0.7

Fe-59 2.98 2.8 0.6
Co-58 3.41 5.8 7.0
Co-60 84.26 83.1 88.2
Zn-65 3.88 3.6 3.2

Sb-124 1.63 1.3 0.0
Total 100.0 100.0 100.0

 
2.  Comparison of Cycle 14 with Previous Cycles 
 



From a reactor water chemistry standpoint, there is nothing unusual in the reported chemistry statistics for Fuel 
Cycle 14 that would indicate any significant change in shut down dose rates during RFO 14.  
 
The reactor water Co-60, both soluble and insoluble, were in their historical range and it was the case of  all of 
the other isotopes. The only significant change is the reduction in copper (and soluble Zn-65) in the reactor water 
for cycles 13th and 14th, due to the removal of the source of copper and natural Zn, the Admiralty Brass 
condenser, and it’s replacement with a condenser constructed of titanium in the RFO 12 (Sep-2000).  Many other 
BWR's have made similar changes and have seen similar reductions in copper without the observed increase in 
shut down dose rates.  
 
The summary of the feedwater cycle statistics for Fuel Cycles 12, 13 and 14 is that no parameter is significantly 
different than the previous 2 cycles except for the reduction in copper values (which is due to the condenser 
change out). Measurement of final feedwater cobalt levels shows that there was no systematic increase due to the 
power uprate and/or balance of plant equipment modifications. 
 
 
3.  Analysis of Possible Root Cause Scenarios  
 
A root cause analysis for the dose rate increase has been performed taking into consideration the chemistry, 
materials and operations. Next is a summary of the main causes analyzed: 
 
New cobalt sources introduced in the previous outage (RFO 13).  New components installed in the balance of 
plant for the power uprate and new components installed in the core (control rod blades), and the increased flow 
in the balance of plant systems and the core, could have affected the cobalt input in the reactor. However, 
available data show no increase in elemental cobalt in the feedwater from Cycles 12 and 13 and also no 
significant increase in reactor water cobalt concentration. This is not the root cause of the phenomenon.  
 
 
Crud Storm Depositing Fuel Deposits on Out of Core Surfaces.  There is no evidence of a crud storm 
occurring during operation or at either the mid-cycle or end of cycle shut downs.  There was no increase in 
insoluble reactor water activity during operation and only a slight increase during the EOC 14 shutdown.  If any 
thing, the gamma scan information shows a decrease in insoluble deposition on the piping compared to the 
previous Cycle 13. Again, this can be rule out as a cause of the 3X dose increase. 
 
 
Hydrogen Cycling.  It is recommended to minimize feedwater hydrogen cycling to limit shutdown dose rate 
effects.  There was slightly more cycling between low and nominal hydrogen levels in Cycle 14 vs. 13 (8 vs. 6), 
but there were more trips in Cycle 13 than 14.  Trips are usually considered to be more damaging than rate 
changes. Cofrentes is among the best in the BWR fleet in this topic. Again, this cause can be ruled out. 
 
RFO 13 Piping Decontamination Causing Rapid Co-60 Uptake.  A partial decontamination of the 
recirculation loops was accomplished in RFO 13. Actually, the majority of the recirculation system piping was 
not decontaminated during RFO 13 due to technical problems and in fact saw no decontamination solvents of 
any kind. The areas that were decontaminated only recontaminated to 90 to 130% of their pre-decontaminated 
values, which is the usual behaviour two years after decontamination. Therefore, the decontamination can be 
ruled out as the root cause on this basis. 
 
 
Low-zinc HWC Effect.  Plants that have implemented moderate HWC that were not injecting zinc have seen 
large increases in dose rates at the next refuelling outage. The phenomenon occurs because the low ECP's are 
established on the surface of the recirculation piping and cause a restructuring of the stainless steel corrosion 



film oxide from a hematite structure to a spinel structure stable at the low ECP's of HWC.  The spinel structure 
has a much higher capacity for cobalt (and Co-60) in its lattice than does hematite, thus there is a significant 
jump in Co-60 concentration in the film and a resulting increase in shut down dose rates.  When there is 
sufficient zinc in the water, zinc will preferentially exclude the cobalt (and Co-60) from the favored sites and the 
net result is no change in shut down dose rates.  Experience has shown that a value of 5 to 10 ppb is sufficient to 
mitigate the HWC dose rate effect, and since Cofrentes has been at 5 ppb zinc in reactor water since mid 1996, it 
can be rule out low reactor water zinc as a root cause of the 3X dose increase. Nevertheless, it is probable that 
the ECP on the piping at Cofrentes decreased significantly during Cycle 14 and may have reached the range of 
restructuring.   
 
 
Cooper effect in the ECP. The current hypothesis is that the root cause for the Cofrentes dose rate 3X increase 
might be the effect that Cu has played in the ECP changes and the subsequent restructuring of corrosion films 
under hydrogen water chemistry. At Cofrentes plant, since the initial operation under HWC (Feb-97) the ECP at 
the piping has been controlled by the presence of Cu species in the oxide layer. At 1 ppm H2 injection in FFW, 
the recirculation piping ECP was about +50 mV(SHE) in spite of a reducing environment in the bulk water .  
 
During the cycle 13th (first without the Admiralty Condenser) the piping ECP was reduced very slowly showing 
a value of -100 mV(SHE) after 18 months operation. 
On cycle 14th the ECP is assumed to have decreased more due to Cu depletion in the film. As the ECP is 
established at some value more positive than the normal HWC potential of –450 mV(SHE), the oxide on the 
stainless steel restructures. The resulting oxide is thicker than that formed at lower potentials and thus 
incorporates more Co-60, Co-59 and Zn-65 into it’s lattice. A factor of X thicker means that the resulting shut 
down dose rate is X times higher. The cause of the thicker oxide is debatable.  It may be that the spinel oxide 
formed at the higher ECP is thicker or it may be that the copper impurity promotes a defect structure that results 
in a thicker film.  In any event, the thicker corrosion film with its higher incorporated Co-60 content is the most 
likely the root cause of the higher dose rates in copper contaminated BWR's.  
Another possibility is that the film is no thicker but the copper presence induces a defect structure that allows the 
incorporation of X more interstitials than a “normal” film of the same thickness.  In both cases, the factor of “X” 
is due to the effect of copper on film properties 
 
4.-  Summary 
 
During the RFO 14 in September 2003, an unexpected dose rate increase in the Drywell was experienced. This 
phenomenon caused that the initial estimate of the collective dose for the outage was changed from 1,8 Sv-p to 
2,8 Sv-p. The final collective dose of the RFO 14 was 2,6 Sv-p. The dose rate increase was 3X in contact with 
the recirculation loops and in general areas was a 2X increase, from the historical values. 
 
The current hypothesis is that the elevated shut down dose rate observed in the Drywell during the RFO 14 were 
due to corrosion film restructuring process in the piping. This process has occurred in other BWR's after the 
implementation of moderate HWC and the attainment of ECP values below –230 mV(SHE). At Cofrentes, the 
effect occurred early in Cycle 14 when the ECP values finally dropped as copper concentration decreased to low 
levels. The resulting restructured corrosion films are believed to have grown to a higher thickness than normal 
because of the effect of copper compounds deposited on and in the legacy oxide. The resulting thicker films 
incorporated a proportional increased amount of Co-60, Zn-65, Mn-54, and Cr-51 resulting in significantly 
higher dose rates.   
 
Plant chemistry control during Cycle 14 was excellent and no change in the operation of the plant during Cycle 
14 could have prevented the observed phenomenon from occurring. 
 



•  Increase in average BRAC contact dose rates of
~3X
•  Increase in drywell general dose rates of   ~2X in
lower areas
•  Uniform increases…no hot spots

•  Final outage collective dose 2,6 Sv-p. Previous
estimate 1,8 Sv-p

The Problem Observed During RFO 14:

Summary of Chemistry Data

• Reactor water cobalt-60 constant over past 3 cycles
Higher than average for the fleet

• Measured feedwater cobalt also constant
• Soluble cobalt-60 incorporation in corrosion film increased in
cycle 14, also Zn-65 and Mn-54
• Reactor water copper decreased Cycle 12 to Cycle 14
• Conductivity constant and typical of fleet apart from transient in
Cycle 13
• Good control of hydrogen (with less shutdowns and more turn
downs in Cycle 14)
• Reactor water zinc slightly lower than fleet average
• ECP decreased slightly Cycle 12 to 13 but no data for Cycle 14

Root Cause Scenarios That Can Be Ruled Out (I) 

•  New Sources of Cobalt
No increase in either soluble or insoluble Co-60 or Co-58

•   BOP Modifications during RFO 13
No significant change in composition of the final feedwater  including

elemental cobalt…except for Cu reduction

•   Power Uprate (from 104% to 110%)
No increase in either soluble or insoluble Co-60 or Co-59
Decrease in RW insoluble Fe and Mn…so no flow erosion of deposits

•   Crud Storm Moves Fuel Deposits to Out of Core Surfaces
Isotopic composition of dose source unchanged except for decrease in curd

•   Hydrogen Cycling
No real significant change form Cycle 13 to 14…operation equal to best in

BWR Fleet

• Impurity Transient (s)
Lube oil impurity transient in Cycle 13 (> 10 µS/cm) , nothing  > 0.27 µS/cm

in Cycle 14

• Chronic Impurity Ingress
Cycle median conductivity of 0.0997 µS /cm and identification of all small

conductivity spikes eliminates this concern

• RFO 13 Piping Decon Caused Rapid Co-60 Uptake
Only small portion of system decontaminated and that area recontaminated to

values of only 80 to 90% of EOC13 values

Root Cause Scenarios That Can Be Ruled Out (II)

BEST ESTIMATE ROOT CAUSE SCENARIO 
• The ECP of stainless steel surfaces dropped to lower values

early in Cycle 14 when coolant copper concentrations reached a
very low level

• Restructuring of the stainless steel corrosion films occurred at
this lower potential

• The new corrosion film incorporated more Co-60 as the film
restructured and resulted in a significant increase (~3X) of the
curie content of Co-60, Co-58 and Zn-65.

7

CONCLUSIONS

• The elevated shut down dose rates seen during the 14th

outage were due to corrosion film restructuring process
• The effect occurred suddenly when ECP dropped as
copper concentration decreased to a low level.
• The copper concentration  decreased  due to the previous
change of the main condenser from copper to titanium. 

•  No change in the operation of the plant could have
prevented the phenomenon from occurring

ACTION PLAN
To Control Rate of Radiation Buildup during Cycle 15

Minimize hydrogen turn-downs
Increase reactor water zinc to 6-7ppb
Operate with maximum RWCU capacity

To Reduce Radiation Fields at next Refueling Outage
Chemical decontamination of the recirculation loops and
reactor clean-up system

Longer Term Action
Cobalt reduction campaign to reduce fields over a 10
year period
Enhance dry well shielding

UNEXPECTED DOSE RATE INCREASE AT COFRENTES NPP, SPAIN (BWR-1100MWe)

IN THE DRYWELL DURING REFUELLING OUTAGE 14 (2003)

TASAS DE DOSIS EN EL POZO (C.N. COFRENTES)

Historical Evolution of the BRAC Dose Rate in
the Drywell
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ANALYSIS AND DISSCUSSION OF OCCUPATIONAL INTERNAL EXPOSURE CAUSED 
BY RADON AT NPP 

Wang Haoyu 
（Ling'ao nuclear power plant，Shenzhen，China） 

I INTRODUCTION  

Ling'ao nuclear power plant consists of 2 units 1000MW PWR type in China; while was commissioned 
in 2002 and designed by FAMATOME Company. It is completely sameness with adjacent Daya bay nuclear 
power plant in aspects of capacity, design, and so on in which commissioned in 1994. 

At Ling'ao and Daya bay nuclear power plant, the case of internal exposure has always been as far as 
possible to avoid, which all administers regard it very important; so vast fund has been put into for the 
individual protection, to give worker enough training and good control. Since nuclear power plants 
commissioned, no one has been detected internal contamination that measured internal dose exceeding 
0.25mSv caused by artificial radionuclides. But internal exposure caused by natural radionuclides which 
radon progeny always has been ignored. The internal exposure caused by radon progeny has been excluded 
occupational exposure all through. In recently, the internal exposure from radon progeny has been 
investigated at Ling'ao nuclear power plant. The result shows the internal exposure from radon progeny 
should be focused and valuably taken intervention. The effective dose by radon should be recorded in the 
individual dose document, which dose contribution for collective dose is not very slighting during outage. 

II RADON SOURCE AND EXPOSURE TRAIT AT PWR 

PWR as the type of Ling'ao nuclear power plant, the reactor containment is airproof building and close 
to no air exchange with outer air during one refueling cycle. Containment was built by concrete, the 
thickness of wall about 80-100cm, so the radon has been separated out from architectural materials 
constantly. During normal operation, no fresh air hardly has been supplied, just a closed circuit ventilation 
inside containment to take away heat by equipments produced. During period of normal operation, work staff 
seldom enters into containment, except for emergent maintenance. The mostly observing phase in the 
beginning of outage, the system EBA (containment sweeping ventilation) fail to start, but a great deal work 
have been carried inside containment in advance. In the phase, the end of refueling cycle, the activity of 
radon and radon progeny in air of containment hardly get to balance that radon release and radon progeny 
decay by passed 12 months. Commonly, the phase last more than two days, and total man-hour work about 
500-700man-hours. Measurement result proves activity of radon keep about the scope of 
4500Bq/m3-5500Bq/m3 inside containment atmosphere during this phase in Ling'ao nuclear power plant. 

Compare with activity of artificial radio nuclides aerosol inside containment, the average activity of 
aerosol caused by Co-60, Co-58, and other artificial nuclides often keep less than 1Bq/m3 in normal 
condition, but radon progeny always has been deducted as ambient by radiated monitor in nuclear power 
plant. In fact, effective internal dose from radon progeny takes major contribution more than artificial 
nuclides aerosol, while the following context give analysis of internal exposure caused by radon progeny.  

III INTERNAL EXPOSURE ANALYSIS FROM RADON PROGENY 

Radon diffuses air as form of noble gas with 
stable chemical quality. It decays with 3.82days 
half time and produces a series of progeny. Figure 
1 shows these radon progeny decay with different 
radioactive ray including α, β, γ ray and different 
half time. The radionuclide 210Pb in 22 years half 
time always has been regard final stable nuclide, 
other nuclide after 210Pb have been considered 
unimportant. Currently, the research of internal 
exposure caused by radon progeny just has been taken care of 218Po(RaA), 214Pb(RaB), 214Bi(RaC) and 
214Po(RaC'), compared with half time of radon, the activity in air of these four radionuclides easily get to 
balance with activity concentration of radon, and these four radio nuclides nearly deposit high concentration 
until same activity concentration with radon in air because of very short half time less than radon. 

3.82day

218Po 214Pb 214Bi 

164us 

214Po

210Ti 

22y 

210Pb

5day 

210Bi 

138day

210Po 

stable nuclide 

206Pb

α α

α 

β

β β α

3min 27min 20min 

α

β γ 

β γ 
222Rn 

Fig 1 

Research that internal exposure mostly causes by α ray from radon progeny, β and γ ray to internal 
exposure may be ignored. Worker often intakes radon progeny in containment, while radon progeny 
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continuously expose in body until stable nuclide. That means radon progeny release all energy by alpha 
decay, which is so called 
alpha potential energy. Figure 2: radon progeny alpha potential energy value 

Nuclide Sign Radioactive
type 

α Energy 
Ej(MeV) Half time 

Atom 
quantity 
per Bq 

Alpha potential 
energy per atom 

(MeV) 

Alpha potential 
energy per Bq 

(MeV) 
222Rn Rn α 5.48 3.82d 4.7×105 19.2 9.1×106

218Po RaA α 6.0 3.05min 263 13.7 3610 
214Pb RaB β, γ / 26.8min 2315 7.7 17779 
214Bi RaC β, γ / 19.7min 1703 7.7 13084 
214Po RaC' α 7.68 164µs 2.4×10-4 7.7 1.8×10-3

 

Figure 2, the list shows 
alpha potential value is 
different in varies radon 
progeny. RaA, RaB and RaC 
take major internal exposure 
contribution, so the total 
alpha potential energy is 
given by following formulas: 

( ) ( )
j

j

j
pj

j
PP

A
jENjEE

λ∑∑ ==             (3.1) 

Ep is total alpha potential value of all radon progeny; λj is decay constant of nuclide j; total alpha potential 
value of all atom is NjEp(j)=EP(j) Aj/λj. 
The alpha potential energy concentration per cube meter in air is: 

( ) jp
j

jpp jECVEC λ// ∑==             (3.2) 

Cp is alpha potential energy concentration (J/m3); V is air volume; Cj is activity concentration of radon progeny. 
 To take potential energy value of RaA, RaB and RaC 

into formula 3.2; and change 1MeV= 1.63×10-13J; 
Figure 3

No. Time Humidity Radon 
ambient Count Radon concentration

(Bq/m3) 
1 9:30/Apr.22 65 2 4651 5241 
2 10:00 64 2 4313 4860 
3 14:30 60 8 4221 5079 
4 14:50 61 8 4357 5213 
5 7:20/Apr.23 60 10 2609 3038 
6 7:48 59 23 2917 2917 
7 10:23 58 9 884 976 
8 10:40 58 9 912 1025 
9 11:00 56 9 806 997 
10 11:23 56 9 702 862 
11 11:52 57 9 573 678 
12 13:40 56 9 395 458 
13 13:57 56 9 392 463 

 

CP =（0.59CA+2.90CB+2.13CC）×10-9J/m3         (3.3) 
CA, CB, CC are each other part of RaA, RaB, and RaC 

activity concentration. 
The measurement of radon at Ling'ao nuclear power plant 

had been carried in twice, in which on April 22. 2003 (first 
outage) and on May 12.2002 (mini outage that reactor 
operated only two months). Figure 3: radon concentration in 
containment building (from at 11am Apr 22.2003 to at 2pm Apr 
23.2003) The red means reactor shutdown just now; the blue 
means reactor shutdown after 8 hours; the yellow means 
system EBA (containment sweeping ventilation) start that 
radon concentration rapidly decreases. 

According to statistics, from reactor 
shutdown to system EBA in line, 482man.hours 
has been performed at this outage. 

Radon in the airproof building follow this 
formula dN/dt + KST-Nλt=0 to balance.  

In the dN/dt + KST-Nλt=0;   N is radon 
activity concentration, Bq/m3; K is release 
constant, Bq/cm2s; S is building area, m2; λ is deca
result:    N=KS/λ（1-e-λt）      (3.4) 

Coefficient K relate to building materials an
K=1.83×10-2 Bq/cm2s without any protection measu

Chinese national standard regulates when rad
intervention measurement should be adopted; and w
some intervention measurement must be adopted, ev

The measurement in figure 3 shows the av
4385Bq/m3. According to balance theory, radon
concentration balance when air inside containmen
potential energy of radon progeny that RaA, RaB, an

To consider radon progeny concentration CA=C

 

Figure 4: radon concentration in RX at mini outage at 12am May 12.2002) 

Measurement 
point Measurement site Radon 

count 
Radon concentration

(Bq/m3) 
1 Annulus minus 3.4meter 7678 3378 
2 Annulus 0 meter 6930 3049 
3 Beside personal airlock 8 meter 10761 3946 
4 Annulus 16 meter 7621 3353 
5 Annulus 20 meter 6470 2847 
6 Average 7174 3157 
y constant; t is time change.  Resolve the equation getting 

d ventilation condition in room, and it always is given 
rement for radon. 
on concentration get to 500Bq/m3 at workshop, some 

hen radon concentration get to 1000Bq/m3 at workshop, 
en worker in this work condition is occasionally. 

erage radon concentration at beginning of outage is 
 and radon progeny have been considered getting 
t building get enough time to decay. The total alpha 
d RaC should be calculated: 

B=CC=4385 Bq/m3 and take them into 3.3: 
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Alpha potential energy concentration of radon progeny in observing phase: 
CP =（0.59CA+2.90CB+2.13CC）×10-9（J/m3）= 2.46×10-2（mJ/m3）(3.5) 
Based on the international BSS recommendation standard: change coefficient between dose rate and 

alpha potential energy concentration is 1.4 mSv (mJhm-3)-1. 
The internal exposure dose rate inside containment building in this phase: 
HE =2.46×10-2（mJ/m3）×1.4mSv/(mJ.h.m-3

)=34.4uSv/h          (3.6) 
According to the result, internal dose rate caused by radon progeny is about 34.4uSv/h at this phase. 

Considering the scope of 500man.hour - 700man.hour under this atmosphere condition at every outage, the 
collective dose caused by radon is about 20man.mSv per outage. If four outages have been performed in 
Daya bay area, the collective dose caused by radon is about 80man.mSv. 
Figure 5: radon concentration change after ventilation in containment 

As mentioned analysis, internal exposure 

level has been determined ventilation condition. 
Figures 3 also show the radon concentration after 
ventilation, system EBA (containment sweeping 
ventilation) put into operation that radon 
concentration rapidly decreases. 

Workers do maintenance work during outage 
under good ventilation condition, except for 
maintenance of containment ventilation system. 
The total man.hours have been recorded more than 
4000man.hours during period of ventilation system 
maintenance at first outage in Ling'ao NPP. When 
the ventilation stopped; radon quickly increases to 
more than 500Bq/m3 in one day. Supposed radon 

and radon progeny getting concentration balance (in fact, radon progeny is less than radon in few day, and 
balance coefficient F nearly from 0.4 to 0.8), conservatively, follow formula 3.5 and 3.6: 
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The collective dose reaches 16man.mSv caused by radon in one outage during ventilation system 
maintenance. The average internal dose rate keeps about 4uSv/h in containment without ventilation. 

As above assessment, collective internal exposure caused by radon progeny is more than 36man.mSv 
in every outage. It takes dose contribution about 20man.mSv at beginning of reactor shutdown that EBA fail 
to start, and takes dose contribution more than 16man.mSv during the period ventilation system maintenance. 

Compare the level with collective dose of common 
outage; Internal exposure caused by radon just takes about 5 
per cent of collective dose in one outage. 

According to the ALARA principle, the purpose of 
radiated protection that takes as low as reasonable attainable 
measurement to decrease personal exposure. If the intervene 
measurements accord with radiated protection principle, and 
easily realization, and cheap cost, the measurements should 
be adopted. The next section introduces some intervene 
measurement for reducing internal exposure of radon and 
radon progeny. 

IV INTERVENTION MEASUREMENT FOR 
REDUCING RADON INTERNAL EXPOSURE AT NPP 

As figure 6 shows, the mode of ventilation is forced 
to continuously close circuit ventilated during normal 
operation. The design original purpose that cooled air takes 
away heat in containment. As limit of nuclear safety and 
environment requirement, it is difficult to sweep ventilation 
for reactor during normal operation frequently, so it is 
difficult to reduce radon inside containment. In fact, radon 
progeny has mostly caused internal exposure, and radon 
progeny exists in air as aerosol, so some measurements for 

Figure 6: ventilation condition in containment building 

filter filter 

fan fan

Filter
 
EVF

Reactor 

EBA
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purifying air to decease aerosol in air are attainable. 

The flow of closed circuit design 185000m3/h by fan (figure 6) inside containment, and the volume of 
containment are about 50000m3/h. That means ventilation cycle more than 3.7 times per hour inside 
containment building. A bulk of air can be purified by filter at front of fan about 16 minutes. 

The simple filter in front of fan filtrate particle, and the original design purpose is to protect fan. This 
design may be good utilized for reducing radon progeny, to replace simple filter with absolutely filter or 
effective filter. The massive radon progeny would be constantly adsorbed by filter at the form of internal 
closed circuit, and radon progeny concentration quickly decrease to quite low level, though the radon 
concentration has no any change. 

The above way is very simple and attainable to reducing radon progeny, but maintenance of 
periodic test must be performed and filter change 

only be arranged in outage. So effective filter 
has been widely recommended to install. 

The measurement had been performed 
after intervention action in Ling'ao nuclear 
power plant. 

Compare the value (figure 7) with 3.5, 
absolutely filter more trouble that use time is short and 
Figure 7: radon progeny alpha potential energy value concentration after intervention action 

Measurement 
point Measurement site Radon progeny 

count 
Radon concentration 

(nJ/m3) 
1 Annulus minus 3.4meter 1473 2860 
2 Annulus 0 meter 1368 2656 

3 Beside personal airlock 8 
meter 1302 2702 

4 Annulus 16 meter 1590 3303 
5 Annulus 20 meter 1384 2869 
the alpha potential energy value of radon 
progeny decrease from 2.46×10-2mJ/m3 to 

2.88×10-3mJ/m3 and internal exposure dose rate from 34.4uSv/h to 4.03uSv/h after adopted intervention 
action. The radon progeny exposure is less about 10 times than before. 

6 Average 1423 2878*

The discussion above, the intervention had been adopted when ventilation system operate. The 
internal closed circuit can be utilized to adsorb radon progeny. If ventilation system is out of service, which 
means this measurement cannot be utilized. The paragraph mentioned before, maintenance of ventilation 
systems only has been arranged at outage. In the condition, to reasonable arrange ventilation maintenance 
and shorten maintenance time is effective way to avoid deposit of radon progeny. And design system EVF 
may be utilized to reducing radon progeny. 

System EVF (figure 6) is designed to purify air inside containment. EVF is made up of fans, absolute 
filter and iodine filter, and original design purpose that filtrate artificial radionuclide aerosol and iodine while 
high activity in containment air. According to this function of absolute filter, to start EVF during other 
ventilation systems in maintenance can avoid deposit of radon progeny. 

In fact, the continuous monitoring detector for radon may be set in containment during outage. The 
reasonable alarm threshold can be set. If monitor shows radon progeny reach the level that should be 
considered to intervene, EVF would be operated to adsorb radon progeny and to reduce radon exposure. 

V CONCLUSION 

The assessment of radon exposure indicates internal exposure level caused by natural radionuclide at 
NPP. Investigation result shows radon has valuable been monitored and focused during outage and some 
special condition. Compare radon concentration at NPP with international standard, 500-1000Bq/m3 often 
should be considered to adopt intervention action in workshop. Though dose contribution takes few than 
collective dose in nuclear power plant, it yet is most one of source of internal exposure.  

Because external exposure takes most contribution in nuclear power plant, excessive protection and 
devotion has not been suggested to measure for reducing radon exposure. The simple measurement and 
system design function should be best utilized as possible as recommended in paragraph 4 to avoid radon 
exposure. The concept accords with ALARA principle. 
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Establishment and Application of a National Recording Level in Korea 
D.H. Cho, S.H. Na, B.S. Lee, J.J. Oh, W.C. Choi, B.K. Seo 
Korea Institute of Nuclear Safety 
P.O. Box 114, Yusung-Gu, Daejeon, Korea 
 
ABSTRACT – This article analyzes data on the radiation doses of Korean nuclear power plant workers. The trend in 

the individual average annual doses during the period from 1998 to 2002 is compared between different exposure 

groups. Using the 2002 national dose data for Korean Nuclear Power Plants, the article discusses the effects of 

collective and individual doses for the doses below the LLD or 0.1 mSv.  

INTRODUCTION 

In Korea, the Korea Institute of Nuclear Safety (KINS) establishes reference levels such as the dose limit and it controls 

the occupational dosage for all radiation workers. KINS has been developing Web-based Korea Information System on 

Occupational Exposure (KISOE) since 2003. In 2002, around 22,000 workers participated in occupational radiation 

exposures in Korea. The number includes workers in the fields of industry, research, health care, education, public 

institutes and nuclear power plants. 

Of the sixteen nuclear power plants (NPPs) that are operational Korea, twelve have a pressurized water reactor and four 

have heavy water reactors. They are located in Kori, Youngkang, Uljin and Wolsung. In 2002, the number of workers in 

the controlled area of these NPPs including personnel and external workers, was 11,004. 

OCCUPATIONAL DOSE CONTROL IN KOREA 

The Atomic Energy Act of Korea states that KINS is responsible for maintaining the occupational dose control. KINS 

operates a national accreditation program for personnel dosimetric services. In Korea, there are three external 

dosimetric service company for medical and industrial users of ionizing radiation and four internal processors for their 

own staff. The NPPs have their own dosimetric services, which have been approved by KINS.  

Every three months, the dosimetric services report individual occupational doses to the national dose keeping center 

which is located at the Korea Radioisotope Association. A recording level is not applied. The measured data including 

data bellow the lower level of detection (LLD) are reported and kept as occupational doses. 

To accurately compare the occupational doses for similar radiation works, the following requirements should be met. 

Firstly, the dose data should be measured with the same level of accuracy. Secondly, the same evaluation procedures 

should be applied for the correction and modification of the measured data. 



Korea maintains the measurement accuracy of occupational doses through the dosimetry performance test program 

established in 1995. The program sets out the LLD as 0.1 mSv for thermoluminescent dosimeter (TLD) and assures the 

accuracy of measured data. Dosimetric services in Korea asses occupational doses with different LLD values. The 

dosimetric processors of NPPs maintain the LLD in the range of 0.04 to 0.07 mSv.  

Decrease in occupational exposure at Korean NPPs 

To study the exposure characteristics of radiation workers, the workers were divided into the following four groups 

based on annual dose ; 

• Group 0 : zero 

• Group 1 : 0.01 mSv/y to 0.29 mSv/y, which is below the constraint level for the general public 

• Group 2 : less than 1 mSv/y 

• group 3 : greater than and equal to 1 mSv/y.  

The average individual occupational dose for all the workers and specific job categories is calculated and controlled to  

analyze the effectiveness of radiation protection. The collective doses for the five-year period from 1998 to 2002 at 

Korea’s NPPs are shown in Table 1. 

The average annual occupational dose for all radiation workers at NPPs decreased from 1.19 mSv/y in 1998 to 0.80 

mSv/y in 2002. The dose reduction rate was around 10 percent per year between 1998 and 2002, with a total rate of 49 

percent. For Group 3, however, the reduction rate was around 30 percent ranging from 4.42 mSv/y in 1998 to 3.24 

mSv/y in 2002. This reduction is due more to improvements in the radiation work environment than to stricter control 

of high dose exposure. Nonetheless, long-term refueling techniques and the operation of a new reactor are the main 

reasons of the large reduction rate for all workers from 2001 to 2002. 

ESTABLISHMENT AND APPLICATION OF A NATIONAL RECORDING LEVEL 

For the dosimetric results of personnel, some workers complained that they never worked near radiation during 

dosimetric service period and that although the dosimeter had been kept at the back of a drawer their dosimetric result 

was not zero. On the other hand, some workers said that they worked a radiation work environment but their dose was 

always reported as zero. Such criticisms undermine confidence in the low dose measurement. To improve the reliability 

of low dose measurements and the consistency of analysis, a national recording level should be established and applied 

to occupational dose data. 

To accurately compare the occupational doses of workers at NPPs, especially among nations that use international 

database such as the ISOE, the same evaluation procedures should be applied in the correction and modification of the 



measured data. In Korea’s Atomic Energy Act, a requirement exits only for the LLD, 0.1 mSv (TLD) or 0.15 mSv 

(Film) per measured period, but not for the recording level (RL). The personal dosimeter used in NPPs is the TLD ; it 

has an LLD below 0.07 mSv/month. This study analyzes the effects of applying a national RL to the 2002 individual 

and collective doses in the following cases :  

• The RL is set at 0.1 mSv which is a minimum requirement for TL dosimeter’s the LLD of TLDs in Korea.   

• The RL is set at 0.07 mSv which is a realistically maintained level of LLD.  

The results are presented in Table 2 and Table 3. 

RESULTS AND DISCUSSION 

Table 2 presents the number of workers for each group, along with the number of workers following the application of 

the RL. Although Table 2 shows 50 percent of all workers received zero doses, the number of zero-dose workers 

increased by nearly 10 percent after the RL of 0.1 mSv had been applied. However, 67 percent of these workers 

belonged to Group 0 or Group 1 (dose < 0.3 mSv/y) regardless of whether the RL was applied.  

After the RL had been applied, around 35 percent of the workers in Group 2 and Group 3 (dose ≥ 0.3 mSv/y) recorded 

a change in their individual annual dose. The difference between the cases with and without the RL is calculated for all 

workers using the following formula: 

%CV = (ENR - EAR) / EAR ,                                                                        (1) 

where ENR is the dose before the RL is applied and EAR is the dose after the RL is applied. 

The personnel doses are analyzed with the workers whose doses are being changed by the application of RL of 0.1 mSv 

and the results are follows:  

• The average personnel dose decrease is shown as 20 %CV in Group 2 and 4 %CV in Group 3. 

• The maximum individual dose decrease is 0.77 mSv/y in Group 1.  

Only 0.02 mSv/y and 0.04 mSv/y of the average annual dose were decreased for all workers by applying an RL as 0.07 

mSv and 0.1 mSv respectively. For dose-changed workers, the average of dose decrease is 0.06 mSv/y and 0.1 mSv/y. 

With an RL of 0.07 mSv and 0.1 mSv, the decreased amounts in the unit of collective dose are 110 and 230 man-mSv, 

respectively, from 8,790 man-mSv.  

When the RL is applied, the amount change in the collective dose is relatively small in a national recording system. In 

establishing a national RL; however, the following points should be considered::  

• The individual doses close to the RL (several cases they are believed to be exposed by actual sources and it is called as 

Assured Dose in this paper) should not be neglected 

• The information on the uncertainty which would be raised by the application of the RL (sometimes called as a latent 

annual dose) should be described in an information sheet for worker. 



In conclusion, the RL of  0.1 mSv for a measuring period is not a suitable in Korea because the assured dose (0.39 

mSv/y) will be discriminated as zero dose and the maximum individual dose is shown to be decreased as 0.77 mSv/y.  

A value of 0.07 mSv is recognized as a reasonable level for the national RL. The latent annual dose for a zero dose is 

0.05 mSv/y (max. 0.19 mSv/y) and for a non-zero dose is 0.06 mSv/y (max. 0.43 mSv/y). 

Table 1. Average individual dose per year at Korean NPPs for the period 1998 to 2002  

All Group 2 and 3 Group 3 

Year 
Collective 

dose 

(man-Sv) 

No. of 

workers 

(person) 

Average 

Dose 

(mSv) 

Collective 

dose 

(man-Sv) 

No. of 

workers 

(person) 

Average 

Dose 

(mSv) 

Collective 

dose 

(man-Sv) 

No. of 

workers 

(person) 

Average 

Dose 

(mSv) 

1998 

1999 

2000 

2001 

2002 

13.64 

11.83 

10.79 

10.10 

8.79 

11,448 

10,727 

10,835 

11,077 

11,004 

1.19 

1.10 

1.00 

0.91 

0.80 

13.43 

11.62 

9.20 

8.54 

7.37 

4,081 

4,149 

3,769 

3,534 

3,286 

3.29 

2.80 

2.44 

2.42 

2.24 

12.76 

10.83 

9.64 

8.89 

8.61 

2,888 

2,886 

2,757 

2,523 

2,396 

4.42 

3.75 

3.50 

3.52 

3.24 

 

Table 2. Number of workers by applying the RL for each group. 

No. of Workers in 2002 
Reporting Level 

Group 0 Group 1 Group 2 Group 3  

Not Applied 

0.07 mSv per measure period 

0.1 mSv per measure period 

5,544 

6,152(▲608) 

6,456(▲912) 

1,677 

1,118(▼559) 

  875(▼802) 

1,387 

1,356(▼31) 

1,319(▼68) 

2,396 

2,378(▼18) 

2,354(▼42) 

 

Table 3. Effects on individual and collective doses by applying an RL. 

Items RL Group 0 Group 1 Group 2 Group 3 Total 

No. of workers whose 

individual dose changed by 

applying an RL  

0.07 mSv 

0.1 mSv 

608 (10 %) 

912 (14 %) 

268 (24 %) 

277 (32 %) 

407 (30 %) 

467 (35 %) 

846 (36 %) 

974 (41 %) 

2129 (19 %) 

1901 (17 %) 

Average %CV and max. dose 

difference (mSv/y) for 

changed persons 

0.07 mSv 

0.1 mSv 

-   (0.19) 

-   (0.39) 

45.6 % (0.38) 

64.5 % (0.77) 

10.7 % (0.43) 

19.1 % (0.58) 

2.0 % (0.30) 

4.1% (0.53) 

19.4 % (0.43) 

29.2 % (0.77) 

Change of average annual 

dose by applying an RL for 

changed worker and for all 

workers (mSv/y) 

0.07 mSv 

0.1 mSv 

0.05 (0.05) 

0.07 (0.07) 

0.06 (0.01) 

0.11 (0.03) 

0.06 (0.02) 

0.10 (0.04) 

0.05 (0.02) 

0.09 (0.04) 

- 

- 

Collective dose and changed 

amount (man-mSv) 

0.07 mSv 

0.1 mSv 

0(▼30) 

0(▼65) 

182(▼16) 

189 (▼29) 

803(▼23) 

781 (▼47) 

7699(▼39) 

7624 (▼86) 

8683 (▼109) 

8593(▼228) 



SEMIENPIRICAL METHOD FOR CALCULATING EQIAVALENT DOSE RATES 
OF NON-STANDARD OPERATIONS DURING TRANSPORTATION OF SNF IN 

DRY SHIELDED CANISTER 
 

P. Hovhannisyan   V. Atoyan 
Armenian NPP 

For effective implementation of ALARA approach, one should correctly know the values of expected 
equivalent dose rates. Doses of the personnel who will carry out preparation of workplaces will depend on 
accuracy of such estimation as well as the doses received by the personnel, which will perform work. 
 In cases complicated for calculation, the most close to reality results can be received through application of 
so-called “semiempirical” methods of calculation. The algorithm of calculation is given below (Fig.1) in a 
schematic way. 

Experimental 

data of meas-
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Data. 
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given entry conditions.
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Features of a design 
in the case of con-
crete application.
Fig.1 
ion algorithm used the data of EDR measurements from the container loaded with a nominal SNF, 
ainer design specific features,  the container configuration for such usage, work performance proce-
hnique, and also tabulated and analytical formulas of calculating radiation protection. The 

ent comparison of the measured values of equivalent dose rate with precomputed dose rate has 
orrectness of the calculation algorithm: the divergence did not exceed 3 per cent. 

cedure of (from spent nuclear fuel storage pool of Unit 2 to Unit 1) the spent nuclear fuel 
tation in " FRAMATOME “ Company manufactured container, in case of loading the container with 
tandard (other, than the design)  SNF, we carried out semiempirical calculation of expected 
nt dose rates. Those coordinates in areas potentially attended by the personnel who conduct work 
ected ( Fig.3). 
ion of capacity of a doze from DSC in a radial direction was carried out by the following method: 
at a distance of 1 m in a radial direction from DSC with SNF ten-year period of storage was meas-

lation of activity SNF with a period of storage 1 year and 3 years to activity SNF with a period of 
f 10 years was defined, using data from publications [1]. 

tor was applied to an estimation of capacity of a EDR at a distance of 1 m in a radial direction from 
h SNF 1 and 3-years periods of storage. 

Pγ,t =(At /A10 )* Pγ10 year, measured.
ion of dose-rate (P�) in a cabin of the crane and on a workplace of the worker who is taking out wa-
carried out as follows: 
ive energy of photons was accepted 1 Mev, according to the power spectrum SNF given in reference 
ion [1]. 



---Since dose-rate from the basis of the fuel can exceeds many times the dose-rate in a radial direction the 
source was accepted as a disk with measured, for SNF with 10-years time delay, dose-rate at a distance of 10 
sm above the center. 
---Multiplicity of easing differs from those at measurement of dose-rate since there is no cover fuel can, that 
results in decrease of easing in 25 times and to the appropriate increase of EDR also in 25 times. 
---In case of moving SNF with a period of storage 1 year and 3 years were applied the appropriate factors of 
increase of EDR because of increase of activity SNF. 
---The principle of the conservative approach was applied - was considered, that the burn-up of fuel 32 MW 
day / kg of uranium and the relation activities, is the greatest one noted in publication. 
The formula, used for calculation of dose-rate is taken from [2];   
 The designations represented in figure 2;       “Q” - is a dimensional constant. 
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The estimation of radiation conditions near the DSC is carried out at the following initial data: 
---Results of measurement EDR (mSv/h) the DSC with SNF 10-years endurance and burn-up of 32 MW day 
/ kg of uranium. 
---Time of operation of the DSC lifting and lowering makes (10+10 =20 minutes 
---Time of transportation  from  unit 2 to  unit  1 makes 20 minutes 
---Time needed for partial water, discharge makes 10 minutes. 
--- SNF reloading with endurance 1 year and 3 years is supposed. 
---The distance from the top basis of the DSC up to the worker who is taking out water (worker *2), makes 
1,5 m. 
---The distance from a cabin of the crane up to the basis of DSC makes: 
Height-6m; horizontal distance 2m and 12 m, accordingly at lifting, lowering and at transportation of the 
DSC. 
---Thickness of protection lining of top basis DSC - steel 20 sm. 
Calculation of EDR from the DSC (was carried out at full loading - 56 fuel assembly and storage SNF 1year 
and 3 year) and dozes on workplaces of the crane operator and the worker making partial water discharge.
 Value of dose-rate makes: 
At a distance of 1 m from a lateral surface of the fuel can: 
1 year of storage SNF-10.9-6.48 mSv/h; (calculation) 
3 years of storage SNF - 2.16-3.24 mSv/h; (calculation) 
10years storages SNF - 0.72-1.08 mSv/h; (measurement) 
 Dozes on workplaces for one operation movement: 
     Cabin of the crane operator:                  On all body of the worker (plums of water) 
1 year of storage SNF: 0.215-0.1 (mSv); (calculation)                      0.578 mSv; (calculation)    
3 years of storage SNF:  0.64 - 0.032 (mSv); (calculation)                0.187 mSv; (calculation) 



10years storages SNF:  0.011 - 0.0055( mSv); (measurement)             0.06 mSv; (measurement) 
Smaller values of a doze in a cabin of the crane for a case of installation of lead protection of 13 mm. 
Results of calculations are resulted in the below-mentioned table: 
             

 The shorthand notation existence in the text: 

h(m) of 
worker #1

Pg  
Ts=10

Crane 
R=2м;h=6м 

Crane 
R=12м;   
h=6м  

Ts=1 
Pg 

Ts=3 
Pg

Ts=10 
Pg

Ts=1
D

Ts=3
D

Ts=10
D

0,1 4,53 42,16 13,60 4,53 0,25 0,08 0,03
0,2 4,50 Pg; Ts=10 Pg; Ts=10 41,88 13,51 4,50 0,25 0,08 0,03
0,3 4,45 0,53 0,12 41,42 13,36 4,45 0,25 0,08 0,03
0,4 4,39 D; t=20 D;t=20 40,80 13,16 4,39 0,24 0,08 0,03
0,5 4,30 0,01 0,001 40,03 12,91 4,30 0,24 0,08 0,03
0,6 4,21 Pg; Ts=3 Pg; Ts=3 39,13 12,62 4,21 0,23 0,08 0,03
0,7 4,10 1,58 0,35 38,13 12,30 4,10 0,23 0,07 0,02
0,8 3,98 D; t=20 D; t=20 37,04 11,95 3,98 0,22 0,07 0,02
0,9 3,86 0,02 0,004 35,89 11,58 3,86 0,22 0,07 0,02
1 3,73 Pg; Ts=1 Pg; Ts=1 34,69 11,19 3,73 0,21 0,07 0,02

1,1 3,60 5,28 1,17 33,46 10,79 3,60 0,20 0,06 0,02
1,2 3,46 D; t=20 D ;t=20 32,22 10,39 3,46 0,19 0,06 0,02
1,3 3,33 0,06 0,014 30,98 9,99 3,33 0,19 0,06 0,02
1,4 3,20 29,75 9,60 3,20 0,18 0,06 0,02
1,5 3,07 28,54 9,21 3,07 0,17 0,06 0,02
1,6 2,94 27,35 8,82 2,94 0,16 0,05 0,02
1,7 2,82 26,20 8,45 2,82 0,16 0,05 0,02
1,8 2,70 25,09 8,09 2,70 0,15 0,05 0,02

mean value 3,73 34,71 11,20 3,73 0,21 0,07 0,02
Dose-rate at a distance of 1 m, depending on a storage time. 

Ts=10 measured 0,72 1,08 1,08
Ts=3calculated 2,16 3,24 3,24
Ts=1 calculated 6,48 9,72 10,8

     Dozes for operation of lifting & lowering: in the cabin of the crane
      The same at protection -13 mm Pb

Ts=10;D=0,008 D=0,04
Ts=3;D=0,023 D=0,012
Ts=1;D=0,077 D=0,039
An operating time of 10 minutes (taking out of water)
Designations and dimensions

Ts -storage time ; Pγ -dose-rate; D -dose
Tstorage=Ts (year) Pγ(mSv/h) D (mSv)

D
S
C Р2

Р3

Р1

1,5м

0‐1,8м  

EDR – equivalent dose-rate;  
DSC –Dry shielded canister; 
SNF – spent nuclear fuel; 



 
 
 
Conclusions: 
Correct pre-computation of dose-rate and using of principle “ALARA” allowed us exclude inexpedient op-
erations (plums of water) and considerably to reduce a collective doze (almost in 8 times). 
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The New System of Radiation Protection of Itinerant Workers 
 in the Czech Republic 

 
Karla Petrová 
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Abstract 
 
The radiation protection of itinerant (called “outside” in EU directive and “external” in the Czech 
legislation) workers in the light of the new legislation adopted after the harmonisation with the EU 
directives in last two years in the Czech Republic is described. With respect to new legislation being in 
force from 2002, SÚJB is authorized to issue and register radiation passports. Forms of these 
passports, rules of the forms filling and verification of registered data are laid down in new special 
Decree of SONS  No.419/2002 Coll. on personal radiation passports. The radiation passport consists 
of two parts, one part is permanent with the possibility of ten years dosimetric results registration and 
second part with detailed registration of annual doses will be changed every year. During 2003 SUJB 
has issued 2 050 personal radiation passports. The licensing process and requirements for undertakings 
and operators are described  and  the actual problems which raised during the implementation  process 
are also identified. The recent status of the international recommendations as well as the necessity of 
the unified and clear approach on this field is also discussed.  
 
Introduction 
 

In 2002, the Decree No. 419/2000 Coll. on personal radiation passport, defining the 
requirements for monitoring, evaluation and registration of exposure so called “external workers”, 
came into force. The Decree follows the principles of EU Directive No.90/641/EURATOM, which 
could be seen from some point of view as an extra requirements for radiation protection of this defined 
group of radiation workers. External workers are defined as a workers performing any kind of 
activities in controlled area operating by different licensee than the employer of the worker. The idea 
is to have a centralised on-line network enabling the control of summarised doses of any worker in any 
moment or to equip external workers with a personal document containing actual dosimetric data of 
worker. 
The Czech Republic has developed the Central Register of Occupational Exposure (CROE) however it 
is not now working in on-line mode so it was decided to realise the idea of the system of personal 
radiation passport. The general requirements were introduced into the new Atomic Law in 2000 and 
the details are defined in the above mentioned Decree.  

 
System description 

 
The development of the system of personal radiation passport was not easy and time 

consuming process mainly because the discussions with lawyers involved. It was difficult to explain 
them the principle of radiation passport in the frame of the radiation protection system. They had to 
understand why we want to force radiation protection only for one group of workers. The often and 
somehow logical question from their side was – “is there some gap in the recent system?” When they 
understood what is the aim of the radiation passport they requested to have a system with the full 
responsibility of SUJB as a state office – what means in the practice to respect the rules of any other 
official documents issued. With respect to this Decree 419 specifies personal data of worker which are 
necessary to send to SUJB with the official request for radiation passport. These data are introduced 
by SUJB into the issued passport. Each passport has own unique registration number. The distributed 
passports are registered in CROE and all changes has to be announced to SUJB. When worker finish 



the employment, his passport must be returned to SUJB. When the same worker will start to work as 
external worker for another employer – he will receive the same passport and the history will continue.                     
 
The Czech radiation passport consists of two parts as was already mentioned. One contains the dose 
results for every month and will be changed every year. This part should be confirmed by radiation 
protection officer at the end of the calendar year and shall be sent to SUJB. All issued passports are 
registered in CROE. The results of the worker’s monitoring confirmed in the passport are used for the 
approval of the annual doses of workers  registered in CROE.    

There is necessary to distinguish the cases when worker works as an employee for more than one 
employer from the cases when the worker category A is sent by his employer to perform certain 
activity for another licensee – operator of controlled area – only in this second case the worker has a 
status of external worker in accordance with the definition and he is equipped with the personal 
radiation passport.   

The obligation to equip radiation workers with the personal radiation passport is in the Czech 
legislation, in reality as many other obligations, on the side of licensee - employer of external workers. 
The activity in controlled area could be performed in the Czech Republic only by the worker 
employed by the holder of the licence of SUJB. In the case when employer of external worker is not a 
licensee ( this case could happen when employer is not handling with a source of ionizing radiation 
but he is performing the services in controlled area) the radiation protection of external workers shall 
be assured in full extent by the operator of controlled area.   It means, in fact, that operator of 
controlled area shall to categorize a worker as a category A, to equip him by the personal dosemeter, 
to control his qualification in radiation protection and health fitness and – in the relevant case – he 
should equip him also with the personal radiation passport. The best way is to include all this 
requirements into the contract signed between the employer and operator. Self employed workers shall 
equip with radiation passport themselves. The operator of controlled area has to control the radiation 
passports of external workers before they start to work in his controlled area.         

 
The records in the personal radiation passport can be written only by the radiation protection officer of 
the employer. When the external worker changes the employer and he will continue to work as an 
external worker also in new employment – this fact is entered into the part A of the passport and part 
B is sent to SUJB. A new part B  is sent back to employer. SUJB registers all issued passports, their 
loss, changes etc. SUJB introduce into the passport also the changes of the basic data as a numbers of 
personal documents or surname of women for example.   

 
If the worker terminates the employment and he is continuing the work as an external worker for the 
moment – his complete passport is returned to SUJB where is archived. If worker starts sometimes in 
the future to work as external worker again he/she is equipped again with the same part A of the 
passport and with the actual new part B.    
 
When the worker is sent to work as external worker abroad – he/she is equipped with the radiation 
passport by his employer. In the case he is working as self employed worker – he has to be equipped 
with the passport by himself.    

 
Problems identification 
 
The following problems have been identified during the introduction of the passport into the practice: 
 
The requirement of EU directive that the personal radiation document has to be issued and registered 
by the national authority determines that this documents are very official ones and their system has to 
follow the legislative requirements for these official documents – similar as personal and travel 
documents.  
 
It is not so difficult to introduce the system of radiation passports into the nuclear power plants where 
the personal monitoring and the regime in controlled areas is very well organized,  however there are 



another more problematic areas as medicine and different kind of services performed in controlled 
areas – the operators here are not able very often to ensure adequate personal monitoring of possible 
external workers – mainly from the technical point of view but also from the point of view of 
financing. 
 
There are also some practical problems of the system of radiation passports – the issue and distribution 
of passport could take some time – it could be limiting in some cases when worker is sent to perform 
an urgent work, the question is also where the passports should be stored during the work 
performance. 
 
What could be seen as a one principal problem is the situation when the company is a licensee in more 
countries and its workers are going to perform the activities as an external workers to third country – 
who is responsible (which authority) for radiation passport issue, for dose summarization and control? 
The question arise also for the situation when the external worker is going to work to the country 
outside of European Union – where the passport should not be accepted. There could be appreciated 
the recent effort of IAEA to develop also a new technical recommendation on this field. In this context 
the co-operation on the international level could be very fruitful for all committed bodies.                
 
Conclusions 
  
The system of personal radiation documents has been introduced into the practice in the Czech 
republic in accordance with the EU legislation. Some problems and incoherencies have been identified 
during the process of their development and it could be very useful and progressive to work out some 
more detailed recommendation for this purpose to ensure some necessary level of unification within 
the Europe. However we can see also the positive influence of this new system to the radiation 
protection. We noticed that during the introduction of the system into the practice the companies with 
the external workers had to be more interested in the recent radiation protection requirements, in many 
cases they went through the licensing process because they are forced by the operators of the 
controlled areas to have own license. Operators are taking the full radiation protection responsibility 
for external workers only exceptionally what is logical and understandable. Many meetings and 
discussions passed with all involved parties where a lot of problems in radiation protection not only 
connected with the radiation passports have been cleared.         
 



The European ALARA Sub Network 
Pascal Deboodt, Belgian Nuclear Research Centre (SCK•CEN), Belgium 

Hanne Troen, RISØ National Laboratory, Roskilde, Denmark 
 
As already mentioned elsewhere, the European ALARA Network (EAN) - born in 1996 - already gave rise 
to a lot of  “products” such as 12 issues of the European ALARA Newsletter and 7 workshops. But one also 
has to add that the EAN may be considered as the “father” of some networks devoted to very specific topics. 
One of these is the European ALARA Sub Network (EASN) which is focusing on the Nuclear Research 
Centres. 
  
This sub network has been launched in 2001 and 5 European countries are actually represented in its Steering 
Committee. 
 
The main objectives of the EASN can be summarised as follows. 
 
Considering the attention already paid to the other sectors of the nuclear world, such as for the NPP’s with 
the ISOE Network, taking into account the characteristics of the Nuclear Research Centres, keeping in mind 
that some research reactors belonging to these centres were planned to be decommissioned (or still 
undergoing such operation), it appeared quite clearly that these installations are faced with specific problems, 
certainly as far as the optimisation is concerned. 
 
The main objective is to share information and to establish a network of contact persons which are involved 
by the RP implementation in their centre. 
 
By means of visits of installations, publishing data (dose records, incidents/accidents), comparing ALARA 
approaches, the EASN tries to fulfil these objectives. 
 
The poster recalls some key information like members, meetings, perspectives and also the contact person. 



The European ALARA Sub Network (EASN)*

*Sponsored by the EC-DG Research Nuclear Energy 
Programme

Born in 2001 as a spin-off of the European 
ALARA Network (EAN)
Members: 5 countries (+ interest from 5 others)

Objectives: exchange of information, contact 
persons
Meetings: 4 since 2002, oral presentations, 
visits of installations
Perspectives: extension, case studies, global 
ALARA approach



Evolutions to Reduce Occupational Exposure During Outages in Korean NPPS 
H.J. AHN, S.K. KIM Korea Hydro and Nuclear Power Co., Seoul, Republic of Korea 

 

Introduction 
The function of ALARA infrastructure in the KHNP(Korea Hydro and Nuclear Power) has been 
strengthened since the project of IAEA/RAS-22 was launched. During the last three years several good 
practices were introduced by the IAEA project and many of them were implemented or further developed 
into normal practice in Korea NPPs. Significant improvement in radiation work environment have achieved 
by the use of quick installation of flexible lead shields and a blower system in line with the S/G manhole. 
Among many good practices, the control of water level in RCS, which may have different practice in each 
country, and the elimination of the trapped gas inside Steam Generator will be discussed in-depth in this 
paper 
 

Collective dose trend in YGN Unit 3&4 
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YGN(YongGwang NPP) unit 3&4 has been operated since it was constructed in 1995 and 1996 for each, 
which has a capacity of 1,000MWe per unit of 2 loops, PWR. Y3&4 has been achieved 6 times of one cycle 
trouble free operation including Y3-7th cycle on 
2003 and 2 times of the highest unit capability 
factor on the world since commercial operation 
on 1996. According to the WANO performance 
indicators report on 2002, Y3&4 has 0.52 man-
Sv/unit in the annual collective dose on 2002, 
which was far below the world average 0.78, and 
KHNP average 0.58. Annual collective dose on 
2001 was recorded 0.55 man-Sv/unit on Y3&4, 
0.83 on the world average, 0.70 on KHNP.        Fig. 1 Annual collective& Indivisual dose on YGN 3&4 

Table 1. YongGwang NPP 2 Outages for year 

 1997 1998 1999 2000 2001 2002 2003 
Unit 3 2nd 3rd 4th 5th  6th 7th

Unit 4 2nd  3rd 4th 5th 6th  
 
Based on annual exposure history the annual collective dose was evaluated approximately 500 man-mSv if it 
was performed routine maintenance job with 1 unit outage. Robot has been used to plug and sleeve the tube 
of steam generator since Y4-5th in 2001. The dose reduction using the robot for tube plug accounts for 70 
man-mSv approximately. The dose occurred during the steam generator maintenance was account for 35% 
on 2003, but approximately 40% on average of the past results. Fig.2 shows the collective dose trend of 
maintenance of the steam generator & refueling for each outage. This dose was largely dependant on 
radiation source, engineering tool, and worker’s skill. As shown on the Fig.2 the collective dose for each 
work is tend to decrease, but the dose for steam generator plugging was risen peak at Y3-4TH and Y3-5TH and 
the all of dose was slightly increased at Y3-6TH. The reason was that tubes to be plugged or sleeved and all of 
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this work was implemented by hands. This high dose was solved by utilizing the robot in the later which was 
performed a series of working process to plug & 
sleeve instead of worker’s jumping into the steam 
generator chamber. The dose mounted at Y3-6TH 
was come from the increased radioactivity by 
tramp uranium in the reactor core that was loaded 
the long-term fuel since Y3-6TH outage. This was 
made out by the shut down chemistry and the gas 
purification at Y3-7TH.  
                                                  
Fig. 2 Dose Trend for each outage 
 

Engineering Techniques to reduce radiation sources 
 

Considering RCS Level 
From Y3-2TH ALARA, maintenance section raised the issue to fill up RCS water during the low cavity 
maintenance to cut down dose rate. Reactor coolant water was filled to 115' to alleviate the radiation from 
the reactor core during stud hole cleaning and other works in the reactor low cavity, which was cut down the 
environmental radiation of the cavity to 90 %. All of these were decided to adopt the process and engineering 
tools throughout the discussion on ALARA meeting.                              
 

Properly Humid air extraction system 
Some of the problems were still pending without making out clearly due to changing the authentic design. 
The collective dose for the steam generator ECT (Eddy Current Test) was recorded high in the summer 
because ECT probes & heads are frequently stuck to the steam generator tube on the humid air. It was come 
from the design problem that containment building HVAC was lined up only one chiller system. It was 
delayed to complete the ECT during outage because ECT probes and heads were happened so many troubles 
due to stick into the steam generator tube. The workers were substantially exposed high radiation to fix these 
problems. It was identified as malfunction rising from much humidity. To ease the trouble the probe was 
substituted with durable material persisted in humidity. And it was also installed high volume fan to extract 
the humid air. After changing the material and installing the high volume fan, the troubles were considerably 
reduced. It was finally taken short the times to implement ECT and reduce the collective dose for ECT.  
 

Mock-up training 
Mock-up training was implemented 2 – 3 times for the high radiation works including jumping into the 
steam generator, the pressurizer to get accustomed. These technological behaviors guaranteed reliable and 
speedy works, consequently leads to decrease the collective dose. A variety of mock-up tools were prepared 
to mock-up training including the exact replica of the steam generator chamber for nozzle dam install, in-
core instrument seal table for replacements, RCS boundary valve for lapping, pressurizer internal for heater 
removal, as shown on Fig. 3. 



 
Fig. 3 Mock up training facilities 

 
An evolutonal Technique for shutdown chemistry 

Radionuclides dissolved in RCS were drawn back to the demineralizer by extracting the coolant from RCS to 

CVCS during operation. Especially it was critical step to remove the radionuclides by shut down chemistry 

facing the outage for the better radiological field condition. Iodine is mainly released to RCS through small 

defects in the fuel clad. In normal operation, iodine exits in the alkaline-reducing coolant as iodide ion. This 

is easily removed by anion exchanger of demineralizer operating in the borate form. During the initial stages 

of shutdown reducing conditions are maintained (acid-reducing conditions) but both the pH and temperature 

are reduced. During the acid–oxidizing phase, especially when excess hydrogen-peroxide is present, fission 

product iodine is mainly oxidized to the iodate ion, IO3
-, particularly at low concentration which further 

radiolytic oxidation of I2, HIO. This ion is less efficiently removed by the anion exchange resins. This would 

be especially reminded when iodine spiking occurred by fuel failure. Also the reactor vessel head is removed 

and refueling cavity is flooded with incomplete iodine removal leads to the continuing release of volatile 

molecular iodine(I2) or hypoiodous acid(HIO). Under these circumstances the workers are vulnerable to 

inhale and expose to diffused radionuclides in the containment building. Table 2 show that the radioactivity 

in RCS was decreased during shut down chemistry. H2O2 was added after iodine was efficiently removed. 

The procedure states that after the concentration of iodine should be decreased to 0.01uCi/g hydrogen 

peroxide could be added. 

 

Table 2. Radioactivity in the RCS during Y4-6TH shutdown chemistry 

(unit : μCi/cc) 
Date Co-58 Co-60 I-131 T/A REMARKS 

10.13 11:06 2.601E-03   1.236E-01 Coast down, CVCS  
10.14 00:05 6.013E-03   5.153E-02 RX. POWER 5% 
     05:35 6.341E-02 9.172E-04 2.814E-01 1.038E+00  
10.16 03:40 2.261E+00 1.144E-02 6.463E-05 2.701E+00 H2O2 Pouring 
     04:40 2.293E+00 1.149E-02 6.649E-05 2.700E+00 RCP1A,1B→2A, 2B exchange 
     05:10 2.253E+00 1.064E-02 9.689E-05 3.024E+00 CVCS 02F → 01F;dif. pr Hi 
     05:40 2.402E+00 1.030E-02  2.920E+00  
     10:31 1.806E+00 8.945E-03 7.798E-05 2.205E+00 RCP 1A, 1B  
10.17 01:46 5.820E-01 2.877E-03  7.286E-01 RCP 2A, 2B  
     18:05 1.763E-01 1.162E-03 6.495E-04 2.527E-01 RCP 1A,1B op. 
     22:20 1.340E-01 9.501E-04  2.097E-01 RCS pr : atm.. 
     06:10 9.884E-02 5.705E-04 3.841E-04 1.491E-01 Charging p/p 1EA 
10.21 10:54 6.230E-03 2.120E-04 1.398E-04 8.148E-03  

 

 



An evolutional discharge system to eliminate radioactive gases from the reactor coolant 
The main causes of lower dose at Y3-7THoutage(last year) comes from the gas purification that gaseous 
radionuclides are extracted from the RCS by operating CVCS and temporary low volume recirculation 
directly before opening the steam generator man-way. The latter is carried out by extracting the gas in RCS 
through the PZR man-way and extracting line is connected to Low Volume Purge Recirculation System. 
Empty space of the steam generator and the pressurizer was filled with gaseous radionuclides after the RCS 
drain to mid-loop. Before opening the steam generator man-way, temporary hose and movable blower were 
connected pressurizer man-way to the low volume recirculation(Fig.4) and operated until the concentration 
of gas decreased below the limit of as follows. 

I-131        : below the 0.01 μCi/cc 
Xe-133       : below the 0.05 μCi/cc 

Total Activity   : below the 0.05 μCi/cc 
 
As a result of purification there 
are lowered the dose rate and the 
concentration of radio-nuclide in 
S/G and containment air as 
shown on table 3. The improve-
ment of radiological condition in 
RCA finally brought about the 
reduction of the number of 
internal exposure, the occupation 
exposure and speed up the outage 
milestone.                             Fig. 4  Schematic diagram of iner-gas extraction system 
 

Table 3. Containment air concentration around the S/G for each outage 
                                                                       (unit : Bq/cc) 

Y3-3 Y3-4 Y3-5 Y3-6 Y3-7  
S/G 1 S/G 2 S/G 1 S/G 2 S/G 1 S/G 2 S/G 1 S/G 2 S/G 1 S/G 2 

G N/D N/D 1.05E-01 5.07E-02 N/D N/D N/D N/D N/D N/D 
P 5.05E-05 4.21E-05 4.54E-05 3.11E-05 N/D N/D 1.50E-06 1.35E-05 N/D N/D 
I 1.51E-06 N/D N/D N/D N/D N/D N/D 2.48E-06 N/D N/D 

 
 

Evolutional temporary shielding techniques for the use of lead or water 
 

Stainless shield containing 3 tons of water was provided to shield the high radiation at Y4-5TH , which was 
used to shield the radiation from the reactor upper guide support (UGS) in the reactor cavity during replacing 
the in-core instrument seal table next UGS and also used to protect the workers by shielding the radiation the 
reactor lower internal during lifting 
 



It was made use of valuably to shield in various situations by extending with lead shield. Fig. 5 shows the lay 
out diagram that water shield was laid between UGS and in-core instrument seal table. It was decreased the 
work place radiation to 80 % after shielding. Before using this water container a lead brick was installed for 
high radiation shield, but it was required to prepare more efficient shield in the Y3-4TH ALARA. 
 

Fig. 5 Lay out Diagram for water shields 
 



Information and Training for Outside Radiation Workers at Krško NPP 
 

Borut Breznik  
 

Krško Nuclear Power Plant, SI-8270, Slovenia, Borut.Breznik@nek.si 
 
 
Abstract 
 
According to the basic safety standards the undertaking shall inform exposed workers about the health risks 

involved in their work, general radiation protection procedures and precautions to be taken in the controlled area. 
Using available information and knowledge based on international recommendations related to radiation protection, 
nuclear energy and specific plant design and procedures, the topics of interest have been selected and prepared for 
computer presentation or film. The paper presents the requirements, suggestions and facts included in this 
information, such as radiation protection practice in general and nuclear power plant specific information.  The 
presentation will provide a useful example on how to inform and train periodically radiation workers from outside 
undertakings. 

 
 
Introduction 
 
Outside radiation workers should be informed about the radiological protection rules in the 

controlled area. Usually these rules and administrative procedures are plant specific. In addition to these 
information the plant design and main sources of ionising radiation are important for the presentation.  
International and national regulations [1] have been put in place to define the requirements for the 
undertakings regarding information and training for the exposed workers. Using recent tools such as 
digital video production on discs (DVD) it is easy to perform desired training scope. Radiation Protection 
Department of Krško NPP has produced for a reasonable cost DVD-s in three languages (Slovenian, 
Croatian and English) for training of outside workers.  They provide most of the basic training 
information in about half an hour. The trainers use them as one of the main tools to inform the 
professional radiation workers before they start to work.  According to the regulations, the required 
programme should take eight hours or one working day. In this day, the workers complete the written test 
and required radiation protection procedure such as whole body counting and registration in plant 
dosimetric system. The aim of this article is to present the approach for the part of the training supported 
by DVD technology. 

 
  
Video production 
 
Following modernisation of the plant facilities, steam generators replacements, implementing new 

regulation and improved radiation protection procedures in recent years, there was a need to replace old 
video tapes on plant radiation protection rules. The new digital technology of movie making  enable 
simple compilation of the desired training materials. The radiation protection department took an active 
role in acting and presentation of the radiation protection rules. The outage time was used to present 
authentic working environment and tasks. 
 

Selection of the topics 
 
The following main topics were selected for the video presentation: 
 
- location of the plant and general technology information 
- operation  scheme of the pressurized water reactor 
- work in main control room and safe operation 
- environmental issues of electric power production 
- main plant buildings and controlled areas 



- evacuation alarm  
- radioactive waste production 
- refuelling 
- regulatory framework and agreement on radiation protection 
- radiation protection programme 
- main sources of radiation and radiation levels at primary components 
- ALARA and outage planning 
- internal and external exposure to radiation 
- personal dosimetry and whole body counting 
- radiation work permit and related controls 
- entrance to the controlled area and the required procedure  
- basics about safe work in controlled area 
- instructions against contamination and exposure 
- posting and designation of areas 
- contamination control 
- electronic dosimeter alarms 
- foreign material exclusion 
- presentation of RP technician work 
- example of pre-job briefing 
- presentation of self-assessment 
- respiratory protection 
- decontamination 
- personal contamination monitoring at the exit from the controlled area 
- dose records and reports 

 
 

The text was prepared by RP superintendent and reviewed by training manager. 
Professional speakers were engaged for different languages.  Draft version was presented on the occasion 
of the OSART visit at the plant and a few comments of the team members were taken into account for the 
final version.  The master version of the film is available to the plant for any future changes if necessary. 

 
The film provided by computer DVD presentation is a part of the poster session at the 4th European ISOE 
Workshop. 

 
 
Conclusion 
 
To support training efforts at the nuclear power plant it is suitable to prepare video presentation on 

the topic of radiation protection rules and procedures. It may contain also description of basic information 
related to nuclear power plant, it’s safe operation, environmental issues and monitoring.  Using modern 
training tools to present real working environment and  entrance or exit procedures related to the 
controlled area,  ALARA work planning and radiation work control, help outside workers to become 
familiar with the radiation protection requirements and standards before starting their work. 
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CONTROL OF OCCUPATIONAL EXPOSURE USING 
 REMOTE MONITORING SYSTEMS 

 
M. P. Lunn  

British Energy Generation Ltd. Sizewell B Power Station, United Kingdom 
 
 
Introduction 
 
Advances in electronic dosimetry, portable radio technology and digital video have enabled the development 
of Remote Monitoring Systems (RMS) that provide a powerful dose control tool for the Operational Health 
Physicist. North American utilities have led the implementation of these systems, often with coverage of the 
entire plant, feeding back to a centralised control room. These large-scale systems typically cost around 
€500,000 [1]. 
 
In Europe, and especially the UK, implementation of RMS technology has been slower and on a smaller 
scale. US utilities have justified the high capital cost of their systems by significantly reducing the number of 
contract RP technicians required during refuelling outages, saving up to €1,000,000 [1]. In the UK, the 
number of contract RP technicians employed during outages is already minimal, and with the generally low 
doserates found on Gas-Cooled Reactors, RP engineers have traditionally considered RMS to be an 
extravagance.   
 
However, the commissioning of the UK’s first PWR and a significant increase in the number of AGR Vessel 
entries, have increased the radiological protection challenges facing the British Health Physicist, thus 
prompting a re-evaluation of this view. This paper reviews the development of a “budget” RMS system and 
it's application in a recent refuelling outage (RF06) at Sizewell B.  
 
 
User’s description 
 
Three RMS terminals were installed at the containment control points (located at the Steam Generator 
Channel Head platforms and Refuelling cavity). A fourth terminal was set up at the Shift Health Physicist’s 
desk in the Outage Control Centre (OCC).  
 
Dosimetric data was transmitted from Siemens EPD Mk2 dosimeters, along with video images from digital 
cameras to the local control point. All of this information was displayed on a single PC monitor, which 
enabled RP technicians to pan, tilt & zoom the cameras, take still photographs and record DVD-video of 
work activities; as well view real-time dose and doserate data from the worker’s EPD. A screenshot is shown 
in Figure 1. Based on this information, the RP technician at the local control point could formulate and issue 
advice directly to the worker using a wireless intercom.  
 
 
Technical description 
 
The IT infrastructure required to support this particular RMS system is relatively simple: The general layout 
of the equipment in shown in Figure 2. A PC, LCD monitor, Ethernet switch, telemetry base station, UDS-10 
and Long Range Ethernet (LRE) hubs, plus their power supplies, were mounted into a trolley. Up to 4 JVC 
VN-C30U digital cameras and the base station were plugged into the Ethernet switch via sockets mounted on 
the rear of the trolley. The LRE hubs connected to the Engineering LAN via plant computing system 
terminals positioned at various locations inside containment. Voice communications were provided by a 
Telex BTR700 wireless intercom system. 
 



Figure 1: Screenshot from a Sizewell B RMS Terminal 
 

 
 
Justification of RMS technologies 
 
The financial justification for this system was straightforward. Firstly, most of the remote dosimetry 
equipment had been purchased over a number of years previously. The digital cameras were purchased as a 
replacement for an obscelescent CCTV system. The total cost of the three control points, and OCC terminal 
(excluding the intercom system) was less than €70,000.  
 
The major problem experienced in justifying the use of RMS, was the risk of radio-frequency interference 
(RFI) with reactor protection systems and the threat to IT security by connecting wireless networked 
equipment to the secure plant computing LAN. The telemetry system operates at 2.4 GHz, with an effective 
radiative power up to100mW. Although this type of wireless equipment is based on modern IT industry 
standards, the Sizewell B safety case only permitted radio equipment that operated below 1GHz and 10mW 
effective radiative power, as these were the upper limits at which the reactor protection system equipment 
had been tested during station construction, 10 years previously. 
 
Despite many tens of reactor-years experience with identical RMS products at other Westinghouse-designed 
PWRs, and independent verification of the minimal RFI risk presented by this equipment, the Safety Case 
Managers within British Energy placed strict limitations on where and when this equipment could be used. 
 
IT security concerns were overcome by placing a firewall between the telemetry server and the Engineering 
LAN.   
 



Figure 2: Schematic diagram of the Sizewell B Remote Monitoring System 
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Operational experience with an RMS 
 
The system was commissioned shortly before the start of the refuelling outage; therefore RP technicians only 
received minimal training on its operation. 
 
The images & telemetry data enabled the Shift Health Physicist to have a good knowledge of work progress 
and radiological safety standards within containment. The plant managers were very enthusiastic about the 
live video images, but less interested in the real-time dosimetric data being transmitted to the OCC. This was 
a significant improvement on previous outages, where the inability to see exactly what was happening inside 
containment had led to significant delays in the outage critical path.  
 
From a radiological protection point-of-view, the main uses of the system during RF06 were: 
 
• Real-time personal monitoring - All workers entering the Refuelling Cavity & Steam Generator channel 

head platforms were issued with a teledosimeter. This removed the need for an RP Technician to enter 
these areas to perform repetitive radiation surveys. In addition, a wrapped teledosimeter was left on the 
SG platform to enable maintenance staff to check doserates on equipment removed from the channel 
heads (the RP technician reviewed the telemetry data and issued appropriate instructions to the workers 
via the intercom).   

 
• Retrospective monitoring - All transmissions from the workers EPDs were logged to a database on the 

TeleTrak server. The dose and doserate data was then combined with the workers position (obtained 
from the video images) to build a doserate profile of the work area. 

 
• Area Gamma Monitoring - EPDs were placed around the Refuelling Cavity and the doserate profile 

during RPV Headlift and In-Vessel component moves was recorded. During lower cavity 
decontamination, EPDs were placed on an industrial vacuum cleaner. Receipt of a doserate alarm 



indicated that the vacuum filter required changing, removing the need for an RP technician to 
periodically check the surface doserate on the filter. 

 
• Training - Data logged to the database and the video images have been used to enhance ALARA briefs. 
 
 
Despite the lack of operator training, most RP technicians were enthusiastic about using the equipment, and 
quickly developed the knowledge to use the system effectively. Indeed, the RP technicians were keen to 
exploit the potential offered by RMS and developed some novel uses for the equipment. However, it also 
became noticeable that some technicians quickly became over-reliant on RMS. In particular, there was a 
noticeable lack of contamination monitoring and some breakdown in contamination control where RMS was 
being used. Also, it quickly became apparent that a dedicated RMS operator is required at each control point. 
RP technicians can’t provide job cover using RMS and answer routine RWP enquiries etc. at the same time. 
 
 
Conclusions 
 
The benefit derived from a system that combines telemetry, video and voice communications is synergistic. 
We found that the system can be used in a variety of ways to significantly enhance radiological protection 
control in high radiation areas and to significantly reduce the dose received by RP staff covering such jobs. 
Indeed, it is estimated that the use of RMS saved at least 10 man.mSv of Radiological Protection dose during 
RF06 
 
However, it is important to note that RMS is a monitoring tool to support existing monitoring techniques & 
arrangements. Suitably qualified & experienced staff are required to interpret the data and provide suitable 
advice to the work party. In addition, detailed training on the limitations of RMS, explicit procedures for 
dealing with equipment malfunction and actions on receipt of alarms are required to ensure that radiological 
safety is not comprised when using these systems.  
 
Within British Energy and the wider UK RP community, development and purchase of RMS equipment is 
best justified to Managers by emphasising the key role of real-time video images in outage duration 
reduction, with telemetry data being an additional, incidental benefit. 
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BACKGROUND 
 
According to the latest (2000) Report of the United Nations Scientific Committee on the Effects of Atomic 
Radiation (UNSCEAR), an estimated 11 million workers worldwide are monitored for exposure to ionizing 
radiation.  They incur radiation doses attributable to their occupation ranging from a small fraction of the 
global average background exposure to natural radiation up to several times that value.   
 
The International Basic Safety Standards for Protection against Ionizing Radiation and for the Safety of 
Radiation Sources, BSS [1], establish a system of radiation protection of which the provisions for 
occupational exposure are a substantial component. Supporting guidance is provided in three interrelated 
Safety Guides, jointly sponsored by the IAEA and the ILO [2-4], describing, for example, the implications 
for employers in discharging their main responsibilities (such as setting up appropriate radiation protection 
programmes) and similarly for workers (such as properly using the radiation monitoring devices provided to 
them). 
 
It should be noted, however, that radiation protection is only one factor that must be addressed in order to 
protect the worker’s overall health and safety.  The occupational radiation protection programme should be 
established and managed in co-ordination with other health and safety disciplines, such as industrial hygiene, 
industrial safety and fire safety. 
 
Less than half of the occupationally exposed workers are exposed to artificial radiation sources.  The 
majority is exposed to elevated levels of natural radionuclides receiving a higher average annual dose than 
those workers exposed to artificial sources. Some of these exposures are amenable to control but others are 
not.   
 
INTERNATIONAL CONFERENCE 
 
In order to address these issues the first International Conference on Occupational Radiation Protection, 
hosted by the Government of Switzerland, was organized by the IAEA, which convened it jointly with ILO. 
It was co-sponsored by the European Commission (EC) and held in co-operation with the World Health 
prganization (WHO) and the OECD Nuclear Energy Agency (NEA) and also with UNSCEAR, the 
International Commission on Radiological Protection (ICRP), the International Commission on Radiation 
Units and Measurements (ICRU), the International Electrotechnical Commission (IEC), the International 
Radiation Protection Association (IRPA) and the International Society of Radiology (ISR). It was held at the 
Headquarters of the ILO, Geneva, from 26 to 30 August 2002, and attended by 328 participants from 72 
countries and 12 organizations.  
 
The Conference was the first international conference to cover the whole area of occupational radiation 
protection, including infrastructure development, radiation monitoring, stakeholder involvement, and the 
probability of causation of occupational harm attributable to radiation exposure. The Proceedings of the 
Conference [5] contain all the presentations and discussions as well as summaries of each session and the 
findings and recommendations of the Conference. The contributed papers are provided on a CD-ROM, 
which accompanies the Proceedings. 
 

The findings and recommendations of the Conference were considered in September 2002 by the IAEA 
General Conference, which requested the IAEA “… to look into the possibility of the IAEA co-operating 
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with the International Labour Organization and other relevant bodies in formulating and implementing…an 
international action plan for occupational radiation protection”. 
 
ACTION PLAN 
 
The Action Plan for Occupational Radiation Protection was developed by the IAEA in co-operation with the 
ILO and reviewed by the organizations involved in the Geneva Conference, the International Confederation 
of Free Trade Unions (ICFTU) and the International Organisation of Employers (IOE), and also by the 
programme committee, chairpersons, keynote speakers, rapporteurs and panellists. The overall objective of 
the Action Plan is to focus the efforts of the relevant international organizations, in particular the IAEA and 
ILO, to assist their Member States in establishing, maintaining and, where necessary, improving programmes 
for the radiation protection of occupationally exposed workers.  The Action Plan was approved by the IAEA 
Board of Governors on 8 September 2003.  
 
Proposed Actions 
 
The proposed actions for strengthening occupational radiation protection worldwide are grouped according 
to nine areas that provide a logical division of tasks to be carried out. A brief summary of the Action Plan 
(available on http://www-rasanet.iaea.org/downloads/meetings/action_plan_orp2003.pdf) is given below. 
 
ILO Convention 115 
 
The Geneva Conference noted that ILO has the overall responsibility for occupational safety and health, 
which it discharges in the radiation protection context mainly through the promotion of ILO Convention No. 
115 - a powerful tool for enhancing occupation radiation protection. The Action Plan proposes increased 
collaboration between the IAEA and ILO to further promote the ratification and implementation of ILO 
Convention No. 115. 
 
The ILO code of practice on “Radiation protection of workers (ionising radiations)” 
 
This code of practice, published in 1987, has continued to be used by all three parties in ILO (workers, 
employers and governments) as the basis for protection standards to be observed in activities involving 
exposure of workers to ionizing radiation.  However, there are differences between the terminology used in 
this code of practice and that used in more recent IAEA documents on occupational radiation protection that 
have been co-sponsored by ILO, and the view was expressed that the terminology used in the code of 
practice may need further consideration. 
 
Co-operation between the IAEA and ILO in reaching developing countries 
 
The Geneva Conference called for closer co-operation between the IAEA and ILO in strengthening 
occupational radiation protection in developing countries. The Action Plan brings up this issue, also 
emphasizing the importance of the participation of labour departments and of workers’ and employers’ 
organizations in the establishment of occupational radiation protection programmes. 
 
Information exchange to promote greater awareness and understanding 
 
Several of the findings of the Geneva Conference relate to information exchange between interested parties. 
Wider dissemination of information and more active involvement of workers, employers, regulators and 
radiation protection specialists in information exchange should lead to a better and broader understanding of 
radiation protection practices and promote the evolution of safety cultures in the workplace. Two actions 
should therefore be initiated: 
- Development of publicity materials in the form of posters and leaflets that target groups of workers 
identified as likely to benefit directly from the information provided.  
- The IAEA to provide a focal point, on a website, where networks may be established for exchanges of 
information, experience and lessons learned between interested parties. The European ALARA Network and 
the ISOE are good examples of such networks, as is ILO’s International Occupational Safety and Health 
Information Centre (CIS) with its national collaborating centres. 
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Education and awareness 
 
A) Basic education for workers 
 

 Occupationally exposed workers need to have a basic awareness and understanding of the risks posed by 
exposure to radiation and of the measures for managing those risks to enable them to understand the purpose 
of specific rules and procedures that they may be required to follow; to allay any unnecessary concerns about 
their safety and health; and to enable them to play the role that corresponds to their importance as 
stakeholders. It is therefore proposed that the IAEA, in consultation with ILO and drawing on the experience 
of trade unions and other stakeholder organizations, prepares and disseminates suitable information materials 
to workers’ representatives and labour educators. 
 
B) Education and awareness-raising of medical professionals 
 
In new areas of medical practice, especially interventional radiology, there is a potential for very high 
occupational exposures. Attention needs to be paid to the control and reduction of such exposures, and this 
requires continued efforts in graduate and postgraduate education and in awareness-raising of the medical 
professionals involved.  It is proposed that the IAEA, in consultation with professional medical bodies such 
as the ISR, critically examines existing postgraduate education and awareness-raising packages for medical 
professionals, including those now being produced by ICRP, develops and disseminates any further material 
as necessary. 
 
Exposure to enhanced natural radiation in the workplace 
 
The Geneva Conference concluded that clearer guidance was needed to assist regulatory bodies in deciding 
what activities to regulate and how to apply a suitable graded approach to the regulation of enhanced natural 
radiation that is compatible with protection against exposures from artificial sources. The IAEA has already 
initiated a programme of work on exposure to natural radiation, based on recommendations made at a 
technical committee meeting on The Assessment of Occupational Protection Conditions in Workplaces with 
High Levels of Exposure to Natural Radiation held in May 2001. In support of this programme, the IAEA 
should assist authorities in identifying activities involving exposure to natural radiation that may need to be 
controlled, and generate and disseminate additional sector-specific information on radioactivity levels, 
exposure conditions, and chemical and physical characteristics of airborne pollutants in workplaces 
involving naturally occurring radioactive material. 
 
Promotion of a holistic approach to workplace safety 
 
It is important that radiation protection and other safety measures in the workplace not conflict with each 
other - that, more positively, they reinforce each other in the overall context of safety awareness and safety 
culture. To promote a holistic approach the IAEA and ILO should collaborate in devising strategies for 
achieving a better understanding between radiation protection practitioners on one hand and occupational 
health and safety practitioners on the other and for developing coherent approaches to safety in the 
workplace. 
 
Formulation and application of standards for the protection of pregnant workers and their embryos and 
foetuses 
 
Presentations were made at the Geneva Conference which indicated that, in the case of certain radionuclides, 
some possible exposure routes for pregnant workers and their embryos and foetuses might not have been 
properly identified and that there might be a need for further international guidance on the formulation and 
application of standards for their protection.  The IAEA is to review current information on this issue in 
order to determine whether the issue warrants action at the international level. In addition to the work 
described in the presentations made at the Geneva Conference, relevant work has been done in a number of 
countries and by a number of bodies (such as ICRP). 
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Probability of causation of occupational harm attributable to radiation exposure 
 
ILO Convention No.121 (1964), concerning benefits in cases of employment injury, provides for 
compensation for diseases caused by ionizing radiation. The Geneva Conference noted, however, that 
occupationally exposed workers may develop diseases similar to those developed by members of the general 
public, including cancers. Some of these diseases may be attributable to radiation exposure at work, and a 
mechanism for deciding on attributability is essential. In several countries, mechanisms using probability-of-
causation schemes based on dose records and agreed risk factors are being applied. Such schemes, which 
need to be agreed between employers and workers, can provide for rapid and appropriate compensation to 
workers or their dependents.  
 
At the Geneva Conference, it was noted that dose reconstruction is an essential component of compensation 
schemes and the view was expressed that the international organizations should continue discussions directed 
towards the preparation of guidelines for assisting in the establishment of compensation schemes. An 
informal IAEA/ILO/WHO meeting held in 2000 produced a report on The potential for developing joint 
international guidance for aiding decision making on attributing cases of detrimental health effects to 
occupational exposure to ionizing radiations, including concrete recommendations for further work on this 
issue.  The Action Plan is in support of the IAEA continuing its work on developing international guidance 
for aiding decision-making on the attribution of cases of detrimental health effects to occupational exposure 
to ionizing radiation, in collaboration with ILO, WHO, NEA and other relevant bodies and drawing on the 
experience of other stakeholders.  
 
STEERING COMMITTEE 
 
In order to ensure the successful implementation of the Action Plan the IAEA and ILO has established a 
Steering Committee with the overall remit to advise on, monitor, and assist in the practical implementation 
of the Action Plan.  Participants in the Steering Committee consist of representatives of a number of 
interested Member States and interested international organizations, including employers’ and workers’ 
organizations. 
 
The first meeting of the Steering Committee was held in Vienna 4-6 February 2004. The meeting agreed on 
the Terms of Reference for the Steering Committee and proposed concrete actions to be taken for the 
implementation of the Action Plan, also advising on priorities. The Steering Committee will meet again in 
12-18 months. 
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The legal requirements on emergency preparedness come from Acts  of  Slovaka republic as the Act on State 
Safety Supervision of Nuclear Facilities, The Act on Civil Protection of population and the Act on Protection 
of Public Health.  
The operating organization, regulatory bodies and public authorities shall cooperate to prepare emergency 
plans according to these Acts in which the contents and conditions of the emergency planning are specified, 
exercises and reviews are demanded.  
 
On-site emergency plan  with Emergency Plan Implementing procedures are the basic documents for 
emergency planning on NPP 
Management of response to emergency including exposure management shall be handled by Emergency 
Response Organization.  
Thera are  the centers at which management is present during the  emergency at NPP Mochovce : 

- Main Control Room 
- Emergency Control  Room 
- Emergency Control  Center 
- Operational Support  Center 
- Technical Support  Center 
- Information Center 
- Off-site Assesment Centre 

NPP Mochovce owns facilities and equipment for the  permanent  environment monitoring  at site and within 
the 20 km emergency planning zones. 
The  major tasks of the Emergency Response Organization, which are carried out in compliance with defined 
procedures after an extraordinary event, are as follows : 

- assesment  of extraordinary events 
- warning and notification of the plant personal and population in the surroundings 
- analysis and evalution of on-site radiation situation  
-      exposure management :  - taking measures for protection of the workforce (turn-back dose) 

    - coordination of the activities of monitoring teams in environment 
    - coordination of the rescue teams (turn-back dose) 
    - recommendations for public protection  

- implementation of activities to remove the extraordinery event and to return  to a safe state  
 
 
Events are renked in the Emergency Plan in compliance with their radiological consequences  as follows: 

- 1.Degree – „the alert state“ 
- 2.Degree -  „ On-site Emergency“ 
- 3. Degree – „ Off-site Emergency“ 

Accident phases relevant for emergency planning :  
- a pre-release phase 
- a release phase 
- a post- release phase 

 
The following emergency ( urgent) countermeasures for the pre-release and release phases are available to 
protect from radiological hazards in case of extraordinary event: 

- Sheltering  
- Evacution  
- Administration of stable iodine 
- Personal protective measures 



 
In the emergency plan are established intervention levels for timely and effective implementation of 
protective measures. 
Intervention level is a level of avertable equivalent dose  at wich intervention measures should be considered. 
Intervention Levels in terms of avertable individual dose for following protective measures: 
 
PROTECTIVE   MEASURES  
 

 
INTERVENTION    LEVELS   (mSv) 

Sheltering 10 mSv (averted dose in 48 hours) 
Evacuation 50 mSv (averted dose in 7 days) 
Iodine prophylaxis 100 mSv (averted dose in thyroid) 

 
  
EMERGENCY  PREPAREDNESS 
The frequency of education courses is specified for personal involved in the emergency preparedness by 
Emergency plan. Education courses are arranged for different groups with regard to their functions. Special 
amphasis is given to the courses to train the complete plant shift crew. 
Shift emergency drills and emergency exercises are organized for special groups  and for others personal.  
All emergency facilities, equipments and tools are available during the life-time of the operation NPP.They 
are permanently checked and tested  
In the the emergency planning and preparedness   NPP  Mochovce cooperates very closely with NPP 
Jaslovske Bohunice, NPP Dukovany and NPP Temelin. 
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Executive Summary 
 
In October 2000, Quad Cities Generating Station entered its sixteenth Refueling outage 
on Unit 1 and discovered dramatically different radiological conditions in the Drywell as 
well as Turbine Building steam-affected areas.  The root cause behind the unexpected 
radiological conditions was determined to be a reaction between recently-injected Noble 
Metals (chemical compounds containing Platinum and Rhodium) and Depleted Zinc 
Oxide passively injected through the Feedwater system.  This reaction, coupled with the 
historically high inventory of Cobalt-60 on in-core components, resulted in a loosely-
bound corrosion layer on the fuel that was readily transported rather than the desired 
tightly-bound layer anticipated from Zinc (DZO) injection. 
 
This excursion was previously unidentified in the industry as the practice of Noble 
Metals Chemical Addition was new to the domestic-Boiling Water Reactor (BWR) 
industry and has resulted in industry guidance on both Zinc Injection and Noble Metals 
Chemical Addition.  Extent of condition of this issue has extended beyond Quad Cities 
Unit 1 and includes, to a lesser extent, Quad Cities Unit 2 and several other domestic 
BWRs. 
 
Upon shutdown for Q1R17 in November of 2002, Drywell surveys indicated that the 
Recirc System dose rates had stabilized.  However, the Main Steam System dose rates 
had increased by 25-100%.  A steam dryer modification was performed during the outage 
that reduced the moisture carryover by 94% upon start-up.  With conditions somewhat 
stabilized the Station is no longer in a reactive mode but is moving to a proactive mode 
for the long-term recovery of the Quad Cities units. 
 
Background 
 
As an older Boiling Water-type Reactor (BWR), Quad Cities has been engaged in 
evaluating chemical remedies to both mitigate Inter-Granular Stress Corrosion Cracking 
(IGSCC), and reduce Source Term creation and transport.  This quest for Optimal Water 
Chemistry has included Hydrogen Addition (HWC), Depleted Zinc Oxide (DZO) 
Injection, and Noble Metals Chemical Addition (NMCA). 
 
The primary purpose of HWC is the protection of stainless steel components by 
scavenging oxygen, ultimately decreasing corrosion on the piping surfaces.  Several 
negative side-effects exist in conjunction with HWC, namely the increase in N-16 
production and resultant high energy gamma dose rates during power operation and the 



costs associated with the high injection rates needed to maintain the required hydrogen 
concentration throughout the entire volume of water passing though Recirculation piping.  
At Quad Cities, HWC effectively protects core internals from IGSCC but only marginally 
protects Recirculation Piping while resulting in increases in dose rates in Steam-Affected 
areas five to seven times. 
 
Depleted Zinc Oxide (DZO) is injected to reduce the amount of Co-60 incorporated into 
the primary system corrosion films and thereby reduce dose rates on primary system 
piping.  The Zinc competes with cobalt for sites in corrosion films and inhibits corrosion 
on stainless steel surfaces.  DZO also suppresses the release of established Co-60 from 
fuel cladding and in core cobalt-bearing materials.  Implementation of DZO injection at 
Quad Cities Unit 2 was effective in reducing build-up of dose rates on Recirculation 
Piping and resulted in the lowest dose outage in Quad Cities history at 149 rem (1.49 Sv). 
 
Noble Metals Chemical Addition (NMCA) consists of Platinum and Rhodium injected 
into the primary system where they deposit on the piping and other vessel surfaces.  
Recirculation System piping and vessel internals are further protected from inter-granular 
stress corrosion cracking (IGSCC) and less hydrogen (HWC) is required to be injected 
due to the catalytic effect of Noble Metals on the piping surfaces.  In terms of HWC 
consumption, NMCA is highly effective and reduces the required Hydrogen injection 
flow rates to one-fifth of former flow rates. 
 
Each of these components affects the oxide layer on the fuel and other metal surfaces in 
and outside the core.  Changes to any of these components affect both the composition of 
the oxide layer, and how tightly or loosely it is bound to the metal surfaces.  This, in turn, 
affects the concentration of various isotopes (namely Co-60) in reactor water. 
 
Unit 1 Shutdown Radiological Conditions 
 
Unit 1 commenced its sixteenth Refueling outage (Q1R16) on 14 October 2000 with 
radiological conditions in the Drywell expected to mirror those of Unit 2 seen during its 
fifteenth Refueling outage (Q2R15) on February 2000.  The radiological conditions on 
Unit 2 reflected the best Drywell conditions seen without the use of Chemical 
Decontamination of Recirculation piping in plant history.  Injection of DZO on Unit 1 
was planned to result in equally beneficial conditions during the Q1R16 outage. 
 
The actual As-Found radiological conditions included the following anomalies: 
• Reactor Water Chemistry spikes in activity at shutdown including increases in Co-60 

activity approximately 15 times normal eventually increasing by a factor of 1000 
early in the outage; 

• Drywell dose rates elevated by three to five times expected values (similar to what 
was historically seen pre-Chemical Decon in past outages); and,  

• Secondary (Steam Side) dose rates elevated two to five times normal with the 
Moisture Separator elevated ten times normal. 

 



The most dramatic impact was seen on the second elevation of the Drywell where the 
largest scope of inspection and maintenance activities were to be performed. 
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Radiological Response 
 
The increased dose rates identified did not match any known model at that time.  This led 
to several major actions to allow both for exposure reduction and for the need to 
complete the required Refuel outage activities. 
• Installation of additional lead shielding (including shielding of the Main Steam Lines 

- now a significant source); 
• Deferral of high dose work scope where prudent; 
• Re-evaluation of all ALARA planning packages and respiratory requirement 

evaluations; 
• Increased radiological job coverage with augmented technician and management 

staffing utilizing resources from other Exelon nuclear stations; and, 
• Implementation of daily Station ALARA Committee meetings. 
 
In parallel with outage exposure control activities, an expert team was formed to 
determine the root cause of the unexpectedly high dose rates.  This team was comprised 
of personnel from the Quad Cities Generating Station, other Exelon Station and 
Corporate RP/Chemistry experts, General Electric, and Electric Power Research Institute 
(EPRI).  Three additional teams were formed to begin evaluation of other long-term 
consequences of the conditions and likely remedies. 
 
Root Cause 
 
The root cause of the Q1R16 High Shutdown Drywell Dose Rates was determined to be a 
combination of the Fuel Crud Corrosion Layer Not Being Optimally Stabilized and the 
High Initial Co-60 Inventory in the Primary Coolant.  Other contributing causes were 
determined to be application of NMCA during a mid-cycle outage (with no immediate 
fuel removal) and excessive Hydrogen (HWC) cycling. 
 
Simply stated, historically high Co-60 levels at Quad Cities Unit 1 were disturbed when 
NMCA was implemented on a system where DZO was not applied for a long enough 



interval thereby not allow the fuel deposit DZO-affected corrosion films to stabilize.  
This condition was further exacerbated when DZO was not injected at a high enough 
concentrations to effectively stabilize the fuel deposits. 
 
Chemistry Parameters 
 
In retrospect, several trends become readily apparent.  Insoluble Co-60 concentrations in 
reactor water increase by a factor of fifty after the application of NMCA as shown below.  
Currently, the insoluble Co-60 has decreased slightly from pre-Q1R16 levels but 
continues to hover around the 1.0e-03 uCi/ml level.  

1.0e-6

1.0e-5

1.0e-4

1.0e-3

1.0e-2

1.0e-1

1.0e+0

-42 -32 -22 -12 -2 8 18 28 38 48 58 68 78 88 98 108 118 128 138 148 158 168 178 188

WEEKS BEFORE / AFTER NOBLE METALS

Similarly, soluble Co-60 concentrations were also seen to increase by a factor of two 
following NMCA application.  Currently, soluble Co-60 has begun to steadily decrease as 
the combination of DZO/hydrogen management and increasing RWCU flow-rate take 
effect. 
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Finally, prior to Q1R16, DZO concentration in reactor water steadily decreased to 2 ppb 
despite no significant change to the input rate.  DZO concentration has been maintained 
between 5 and 10 ppb following Q1R16. 
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During cycle 17, DZO has been maintained in the 5-10 ppb range.  Additionally, 
hydrogen cycling has been minimized.  The soluble and insoluble Co-60 levels have 
stabilized and even begun to decrease, particularly in the case of the soluble form. 
 
Lessons Learned 
 
Many technical and management Lessons have been Learned as a result of the Unit 1 
high dose rates.  Initially, the Quad Cities experience was communicated to the industry 
with recommendations by General Electric as part of Service Information Letter (SIL) 
631 (subsequently revised once).  This letter documented their initial position regarding 
DZO injection rates (5-10 ppb) and other chemistry parameters. 
 
Beyond the technical recommendations, this event also served to reinforce the need for 
open communication between departments and to differentiate between laboratory (test) 
results and real-world results.  When discrepancies are noted between hypothesized 
responses and actual results, actions must be developed and the differences investigated 
immediately. 
 
Actions Taken during Cycle 17 
 
The site is maintaining the DZO concentration between 5 and 10 ppb.  Additionally, the 
cycling of hydrogen has been minimized.  Reactor Water Cleanup (RWCU) flow-rate has 
been increased on both units and the remaining stellite bearing control rod blades 
continue to be removed.  The steam dryers on both units have been modified to reduce 
the moisture carryover in order to reduce steam side dose rates.  The Station planned on 
performing a Recirc System chemical decon during Q1R17 (November 2002), however, 



data showed that the noble metals would not redistribute from core surfaces to the Recirc 
piping.  The decision was made to not take the risk of running an entire cycle without 
IGSCC protection of the Recirc piping and the chem decon was deferred until Q1R18.   
 
To help offset the impact of decon deferral, a scope reduction team was formed to look at 
reducing the scope of Q1R17.  The team consisted of Site and Corporate Engineering, 
Operations, Chemistry and Radiation Protection personnel.  A total of 260 rem of work 
was removed from the outage. 
 
Q1R17 As-Found Conditions 
 
Upon shutdown for Q1R17, Drywell surveys indicated that the Recirc System dose rates 
had stabilized.  However, the Main Steam System dose rates had increased by 25-100%.  
The steam dryer modification was performed during the outage and reduced the moisture 
carryover by 94% upon start-up.  With conditions somewhat stabilized the Station is no 
longer in a reactive mode but is moving to a proactive mode. 
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Looking Forward: The Exposure Reduction Charter 
 
A comprehensive action plan has been put in place to move Quad Cities from fourth 
quartile to first quartile exposure performance.  Six teams were formed to attack the 
source term issues.  Each team consists of Quad Cities, Corporate and Industry personnel. 
The teams address the following areas: 
 

• Exposure Reduction 
• Chemistry Optimization 
• Cobalt Transport 
• Cobalt Reduction 
• RWCU Capacity Increase 
• Fuel Cleaning 
 

The first steps have been taken to return Quad Cities to low dose performance.  However, 
there is still a lot to be done.  This Exposure Reduction Charter is the detailed plan that 
will drive the Station forward in exposure reduction. 
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1. Commonly used radio-isotopes 
2. Nuclide and isotope lists

1. Radionuclide Handbook comprises a prepared list mode 
of data for all natural and calibration radionuclides, 
cosmogenic, medicine, long lived anthropogenic (man 
made) isotopes and actinides as well as most of relevant 
radionuclides taking place in (n,) and (n,n´) interactions 
and more.

2. The essential preference lies in the presentation of the 
decay structure of more than 150 isotopes, where 
overviews of decay chains for natural nuclides and 
actinides are included, and in addition, of lists in energy 
order for nuclide libraries necessary for analyse software 
packages.
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3. Reference lines, 
4. Latest state of data
5. Accredit laboratories

3. Indicated are interference and coincidence disturbance in 
the de-excitation of photons and alpha decays as well as 
marked out reference photon and alpha lines free of any 
disturbance.

4. Latest data are used and compared from official data 
banks, NDS, TOI, ... with references necessary for 
accredit laboratories.

5. The Handbook is used in more than 120 Laboratories 
world wide as well as in reference laboratories such as 
the CTBTO
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ABSTRACT – Information sharing through ISOE system has known to be an effective tool to support for 

decision-making process. The ISOEDAT distributed to the member states since 1995 has never been operated 

in Korea because of operational conflicts with computer environment in Asian region. In this regard, both the 

CEPN and the KINS devoted to recognize the sources of conflicts that were eliminated recently. In parallel, 

the database and task allocation of radiation works during outages has been modified to adopt the formula of 

task groups described in the ISOEDAT. Various efforts are being devoted to implement the new actions for 

management. Concerns and lessons learned obtained from these modifications will be presented in this paper 

as well as the pilot test results for grouping radiation work assignments during the outage. 

1. Introduction 

In nuclear power plants, each data of occupational doses allocated in a radiation work permit is 
used as a basic tool for ALARA implementation which is of interest to plant manager. Further 
follow-up assessments are normally carried out by radiation protection group for feedback to the 
enhancement of radiation protection programmes. 

The operators of nuclear power plants (NPPs) would assign radiation works according to the 
procedure, which might have different practice in NPPs. In this process, validation, analysis and 
efficiency of the allocated work has been a main interest in Korea NPPs; however, inequality or in-
consistency among the compiled data-groups are the difficult aspects to assess or compare those 
data. Thus, a common practice of classification for radiation works, which the NPP operators are 
seeking for a better solution, has evolved in Korea and the result will be presented in this paper. 

The new ISOEDAT revised to make compatible with Korean computer environment was tested 
successfully at the end of a project to renovate the information system on NPP activities. The 
project was to merge all Computer system used to manage radiation works in Korean NPPs into a 
centralized RAM, which is a subsidiary system of ERP. In order to adopt ISOEDAT infrastructure, 
the project was modified urgently and the task groups described in the ISOEDAT was reviewed. 
Significant efforts were devoted to reflect them into the procedure of radiation work permit (RWP), 
many of them require new actions for management. 



The new system will be used to compare the Korean specific field data with other sister NPPs 
including indicators obtained from ALARA activities. It is now fully operational except the part of 
ISOEDAT in RAM. Although significant efforts have been devoted to adopt new requirements for 
management, the RAM does not provide ISOE equivalent data yet due to lack of motivation to 
learn a new system and/or poorly evaluating the value of the use of ISOE system for actual 
radiation work. 

As a result of pilot test, the infrastructure of ISOEDAT input task category was not fully acceptable 
to Korean NPP work environment. In order to improve the system, the following recommendations 
should be resolved: 
•  further revision of task categories based on characteristics of NPP types, for example, 

PWR/PHWR, Framatom/Westing House 
•  further guidance to understand the job code in RWP (improperly classified work category will 

cause wrong  statistical result, for example, S/G work or Valve work) 
•  further training to understand ISOE task categories (initial and periodical) 
•  enhanced sustainable mechanism for information exchange as well as convenient communication 

channel (national and international) 
•  user manual 
 

2. KHNP's Power Generating Facilities 

 



3. Radiation Safety Management System 

• To enhance the reliability of radiation control data and raise the efficiency of radiation work 
permit process, 
• Major Functions are: 
  - Radiation worker registration 
  - Issuance of radiation work permit 
  - Record radiation worker history 
   (Dose, training, medical examination) 

4. Network 

 

5. System Configuration 

 



6. Job Code Control 

Job Descriptions 
Code No. 

KHNP (Old Code) ISOEDAT (New One) 

A100 Refueling REFUELING 

S/G - PRIMARY SIDE 
B100 S/G Inspect. & Maint. 

S/G - SECONDARY SIDE 

C100 Pump Inspect. & Maint. REACTOR VESSEL OR INTERNAL 

D100 In Service Inspection PHR & SI SYSTEM 

E100 Containment LLRT CVCS & COOLANT PUMP SEAL WATER SYSTEM 

F100 PHR P/P Maintenance PRIMARY CIRCUIT 

G100 Valve Inspect. & Maint. VALVE WORK 

H100 Incore detecting Sys. Maint. GENERAL WORK 

I100 RCP Inspect. & Maint. RCS PUMP 

J100 PZR Inspect. & Maint. PZR 

K100 Snubber Inspect. & Maint. ROUTINE INSPECTIONS 

L100 Filter Replacement INSULATION 

M100 Floor Decontamination CONTROL ROD DRIVE 

N100 R/W Treatment 

O100 Sys. Operation, Radiation Control, etc. 

DOSE BY SYSTEM  

NOT LIST ABOVE 

 



 

Experiences with electronic personal dosimeters at Dukovany Nuclear 
Power Plant-Czech Republic. 

 
Božena Jurochová, Zdeněk Zelenka 

Personal Dosimetry Department NPP Dukovany, Czech Republic 
 
 

The Dukovany Nuclear Power Plant operates four WWER-440 type reactors. Unit 1 has been 
operating since 1985, Unit 2 and Unit 3 since 1986, Unit 4 was connected to the grid  in 1987.  

 
  At Dukovany NPP occupational dosimetry is performed by approved  Personal Dosimetry 
Service. The basic facilities for measuring external exposure are film badge (legal dosimeter), 
electronic personal dosimeter (EPD) and radiophotoluminescent dosimeter (RPL)  as operational 
dosimeter, TLD for measuring doses to the extremities and TLD albedo dosimeter  as neutron 
dosimeter.  
 
The presentation is based on the experiences with electronic personal dosimeters gathered at 
Dukovany NPP for the last three years. Electronic Personal Dosimetry System (EPDS)  was 
devoloping by Czech company VF, a.s. and from 2002 year is also used at Temelin NPP (Czech 
Republic), SE VYZ Bohunice (Slovakia) and SE Mochovce NPP (Slovakia) as well. EPDS is designed 
for Merlin Gerin, Siemens and RADOS electronic dosimeters. 
 
 
Description  of EPDS at Dukovany NPP: 
 
• Electronic Personal Dosimeter (EPD) – DM 90, DMC 90, DMC 2000XB, DMC 2000S Merlin 

Gerin, (together 1000 pieces)  
• Physical layer (HW) – 10 pieces of  date terminals, 3 pieces of personal computers and server 

interconneted by  LAN 
• Logical  layer (SW) – database ORACLE, SW controlling the process of input and output in/from 

controlled area, application SW for management of EPDS  and  data analysis   
 
 



 
Picture 1:Chart of disposal EPDS at Dukovany NPP 
 
Input to controlled area- the worker comming  into the controlled area takes out EPD from the stack  
and  enters  it on the data station by using his identity card. Everybody has to enter  the code of device, 
the code of work task and the number of radiation work permit if it is necessary before his entrance to 
controlled area.  It is possible to choose the codes on the touch screen of data terminal. List of codes 
contains 50 codes for devices and 62 codes for work tasks in controlled area. 
Output from controlled area- the worker has to check out EPD on the data station at the each exit 
from controlled area. He obtains the information about his  personal dose and the information about 
his annual dose from beginning of the year on the screen  of terminal. 
 

 
Picture 2: Arrangement of data stations of 
Electronic Personal Dosimetry System 

 
Picture 3: Data station of Electronic Personal 
Dosimetry System – input to controlled area 

 



Results: 
 

� Electronic Personal Dosimeter is used for operative measuring of external radiation 
exposure  of personnel at controlled area of Dukovany NPP. EPD is suitable instrument 
for this object, that  works reliably. 

� Application SW for data analysis is used for daily monitoring of personal doses and for 
evaluation of collective doses during outages. System gives information about collective 
doses on devices and collective doses for select work tasks during outages. In addition 
EPDS  allows the calculation of dose indexes ID.  ( ID  is the ratio of the relevant collective 
dose  and the number of equivalent working hours). This information is applicable for 
planning doses on special working activities for next outages and allows a detection  
radiation sources also. 
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Table 1: Collective effective doses  (CED) and average personal effective doses (Average IED) on select devices during four outages at Dukovany NPP 
in 2002 year 

 
Unit 1 2 3 4

Device CED [mSv] Number of 
person

Average IED 
[mSv] CED [mSv] Number of 

person
Average IED 

[mSv] CED [mSv] Number of 
person

Average IED 
[mSv] CED [mSv] Number of 

person
Average IED 

[mSv]
Steamgenerator 44,45 82 0,54 45,17 105 0,43 61,54 106 0,58 88,14 105 0,84
Reactor 29,38 118 0,25 19,41 102 0,19 31,04 110 0,28 80,41 169 0,48
Pressuriser 1,36 4 0,34 2,99 6 0,5 2,01 6 0,34 0,9 3 0,3
Primary coolant pump 10,7 43 0,25 6,75 44 0,15 8,06 40 0,2 13,62 26 0,52
Primary circuit 5,23 15 0,35 3,26 18 0,18 6,93 12 0,58 15,23 15 1,02
Safety injection system 1,48 18 0,08 3,07 22 0,14 1,72 19 0,11 1,52 15 0,1
 
 
 
 
 
Table 2: Number of  hours ( ∑ man-hours) and dose indexes ( ID ) on select devices  during four outages  at Dukovany NPP in 2002 year  

Unit 1 2 3 4

Device Σman-hours ID
[µSv/manhours] Σman-hours ID

[µSv/manhours] Σman-hours ID
[µSv/manhours] Σman-hours ID

[µSv/manhours]
Steamgenerator 2604 17,07 4660 9,69 4021 15,3 5778 15,25
Reactor 12382 2,37 15932 1,22 14464 2,15 30624 2,63
Pressuriser 177 7,68 327 9,14 247 8,14 321 2,8
Primary coolant pump 1768 6,05 2655 2,54 1913 4,21 2640 5,16
Primary circuit 223 23,45 247 13,2 277 25,02 917 16,61
Safety injection system 881 1,66 1258 2,44 1007 1,71 1048 1,45
 
 
 

I
CED

man hoursD =
−∑    [µSv/man-hours] 

 
  



Table 3: Collective effective doses  (CED) and average personal effective doses  (Average IED) on select devices during four outages at Dukovany 
NPP in 2003 year            

                
Unit 1 2 3 4

Device CED [mSv] Number of 
person

Average IED 
[mSv] CED [mSv] Number of 

person
Average IED 

[mSv] CED [mSv] Number of 
person

Average IED 
[mSv] CED [mSv] Number of 

person
Average IED 

[mSv]
Steamgenerator 133,98 105 1,28 34,05 80 0,43 41,51 74 0,56 36,78 67 0,55
Reactor 54,26 128 0,42 24,25 133 0,18 26,51 109 0,24 30,99 105 0,3
Pressuriser 1,91 3 0,64 0,42 6 0,07 3,07 5 0,61 1,55 4 0,39
Primary coolant pump 16,3 38 0,43 5,53 43 0,13 8,09 43 0,19 8,29 39 0,21
Primary circuit 8,03 9 0,89 2,53 11 0,23 3,69 10 0,37 3,45 14 0,25
Safety injection system 1,51 12 0,13 0,66 14 0,05 2,34 15 0,16 1,05 12 0,09
 
 
 
 
 
Table 4: Number of hours ( ∑ man-hours) and dose indexes ( ID ) on select  devices  during   four outages at Dukovany NPP in 2003 year  
 

Unit 1 2 3 4

Device Σman-hours ID
[µSv/manhours] Σman-hours ID

[µSv/manhours] Σman-hours ID
[µSv/manhours] Σman-hours ID

[µSv/manhours]
Steamgenerator 7737 17,32 2701 12,61 2207 18,81 1872 19,65
Reactor 12761 4,25 8029 3,02 7636 3,47 7340 4,22
Pressuriser 310 6,15 210 1,98 238 12,88 204 7,6
Primary coolant pump 2690 6,06 1841 3 1936 4,18 2332 3,56
Primary circuit 631 12,73 245 10,34 137 26,96 197 17,52
Safety injection system 761 1,98 474 1,38 530 4,42 423 2,49
 

 

I
CED

man hoursD =
−∑    [µSv/man-hours] 
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