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Abstract 
The hosting site for the ITER nuclear fusion experiment was finally chosen in 
France (Cadarache). The radiation protection program for the ITER personnel 
involved into operation and maintenance activities will be then tested in the near 
future. Related studies were mainly carried out during the last ten years and 
important assessments were performed at the Frascati ENEA Research Center in 
Italy. In this ambit individual and collective doses to the operators were calculated 
for different categories of working activities involving more and less critical 
systems. The radiation protection organization was outlined and the related 
program was proposed. 
A short review of the analyses performed in this field by the Italian investigators of 
the ENEA Radiation Protection Institute is shown here. 
The principal parameter taken into account in these evaluations was the collective 
dose due to the different working activities. This quantity has been assessed 
considering the following radiological source terms: a) the prompt radiation during 
the plasma burning phase, b) the gamma radiation due to the neutron activation of 
the solid structures, c) the activated corrosion products (ACPs) generated in the 
water cooling system (WCS) by corrosion of the inner wall of the piping under the 
neutron flux, d) tritium concentration in the atmosphere of the working premises. 
Individual doses have been integrated over the different worker typology, 
considering the design evolution for the different systems and the required person 
power. Ordinary, inspection and maintenance activities were taken into account to 
assess the person power, sometime also construction, plant modifications  and 
unscheduled maintenance were included in the working activities list.    
The collective dose assessed for ITER fusion projects has been compared with that 
of the fission power stations and analogies and differences have been pointed out. 
In this review the dose assessment process is recalled starting from the safety 
solution anticipated in the projects. The computational tools are then considered 
and discussed. The results are presented in three stages: the activity inventory, 
the individual dose rate or the committed dose and the collective dose. 
The assessment of the collective dose due to scheduled and unscheduled 
maintenance, inspection and other working activities for the main systems of last 
ITER plant design is also analyzed and updated. 
As a consequence of the personnel dose results, a radiation protection program has 
been proposed for ITER. This scheme is outlined and discussed in the current 
review. 

Introduction 
Personnel radiation protection is one of the main issues for the ITER project in the 
frame of the radiological safety. This aspect was clear since the first design stage 



of the machine and the need of pointing out the general safety of the fusion energy 
in comparison with the fission one was the reason for early studies in this field. 
The Frascati research group of the Radiation Protection ENEA Institute was firstly 
involved in the assessment of the radiological safety of the ITER workers more than 
fifteen years ago.  At that time, the ITER plant design was in a preliminary phase 
and the related fusion technology was still at the beginning of its development. 
Hence, the first approach was based on the analogies with the nuclear fission 
power stations and on some general assumptions [San93]. The related results were 
affected by a considerable approximation but nevertheless the situation was 
suddenly clear that the worker safety in a ITER-like thermonuclear fusion facility 
has to deal with radiation levels and related protection problems comparable with 
those of the fission power stations. Since the first assessment the main parameter 
used for the comparison was the overall collective dose due to normal and 
maintenance activities also named as Occupational Radiation Exposure (ORE). 
In 2003 and earlier, ORE was quantified for maintenance activities and for ITER 
incidents, which are defined as “event sequences not planned but likely to occur 
one or more times during the life of the plant but not including operational 
events”. 
Preliminary evaluations were done also for remote handling (RH) activities, on the 
base of engineering judgment on completeness of operations adopting a criteria of 
similarity with other applications. Only draft speculations were issued for the 
waste management (WM). These last two activities have been considered in detail 
more recently by other authors [Dip05, Pin05] and will be integrated in this work 
with the previous results related to the other systems. 

Systems and Working activities 
The buildings that constitute the core of the ITER plant have been designed to 
complement the protection of the personnel from exposure to radiation and 
contamination and to complement the confinement barriers that limit the spread of 
contamination to the external environment in accidental conditions. These 
buildings are referred to as the radiologically controlled buildings and are the 
following: 

• tokamak building, 
• tritium building, 
• hot cell building, 
• low level radwaste building, 

The ITER operation will require many hundreds of workers involved in one of the 
following categories of working activities: 

a. Machine operations and surveillance 
b. Routine maintenance  
c. Waste processing 
d. Tritium handling 
e. In-service inspection and periodic testing 
f. Scheduled modifications 
g. Special maintenance 

the categories b, f and g include the Remote Handling (RH) approach, that will be 
used in extensive way in the facility. 
The doses relevant to Machine Operations and Surveillance activity are basically 
due to typical tasks like equipment checks, valving, control room operations and 
walking along the pathways. 



Routine Maintenance involves any component repair or preventive overhaul that 
may be scheduled or expected. Typical tasks of this category are valves and pumps 
adjusting and replacing. 
Exposures related to Waste Processing include operations, surveillances, testing 
and maintenance required for waste system operation; exhaustive information 
about this system is not available at the present design stage. 
Tritium handling incorporates all the operations related to tritium systems like 
storage, fuelling, recovery and reprocessing. The major part of such operations 
takes place in the Tritium building. 
In-service inspection should include the examination of the main part of the 
machine, like In-Vessel and Out-Vessel components, piping, valves and pumps. The 
type of tests and frequencies should  follow the appropriate Codes, like ASME for 
pressure components. 
Periodic Testing will include controls on systems and components like flowrate, 
pressure and temperature transmitter, limit switch, snubber, diagnostics and 
leakage test of the various barriers and containments. The Scheduled Modifications 
are all the changes foreseen in the machine operative workplan in order to perform 
the Physics and Technology programs (new diagnostics, addition or substitution of 
systems, etc.). 
Special Maintenance is generally of a non recurring nature and not readily 
predictable. It includes unexpected repair or replacement of equipment and 
components and implementation of design changes, pointed out during the 
operational life of the machine. 
ITER systems that have been considered in the dose rate assessment are those 
situated in Tokamak, Tritium, Hot Cell and RadWaste Buildings. The main ones in 
the first two buildings are:  
- Primary cooling systems (heat exchangers, pressurizers, pumps, etc.) 
- Neutral Beam Injector 
- Radiofrequency (LHW, ECW) 
- Magnet cryogenic and power supply systems 
- Plasma exhaust system 
- Pellet injector 
- Gas puffing 
- Fuel clanup 
- Tritium common processes 
- Backing and conditioning systems 
- Diagnostics 
- Transfer unit 
- Auxiliary systems (compressed air, power supply, cryogenic, etc..) 
 

The workers that have to inspect, repair and replace the main components of the 
ITER systems will undergo to a radiological exposure. The level of such an exposure 
depends on the radiological dose rate around the component of interest and on the 
working activities needed to guarantee the normal system operation. 
 

Radiation source terms and dose rates 
The radiation sources are of three main types: 

• neutron , x and gamma radiation produced during tokamak operation (mainly 
during the DT phase); 



• X, beta and gamma radiation from the activated components removed from 
the vacuum vessel during maintenance; 

• X, beta, gamma and delayed neutron radiation due to the inventory of 
radioactive materials directly (e.g. tritium) or indirectly (activated corrosion 
products and dust) connected with tokamak operation, but present also when 
the tokamak is not in operation. 

The radiation deriving directly from tokamak operation is primarily a factor in the 
tokamak building. During tokamak operation, the radiation sources include X, 
gamma and neutron radiation from neutral beam injectors, gamma and neutron 
radiation from inside the vacuum vessel (VV), and gamma and beta (tritium) 
radiation from activated coolant. The radiation fields which will exist during and 
after the start of the DT phase have been estimated throughout the tokamak 
building during the design studies. These fields are constituted by the emissions 
from a few isotopes. The field strength decreases rapidly as short-lived isotopes 
decay, then remains fairly constant as longer-lived isotopes dominate. Shielding 
thickness is, in general, sufficient to reduce the dose rate in the tokamak galleries 
and in the tokamak crane hall below 10 µSv/h, within 24 hours of a DT pulse, 
allowing personnel access under the normal radiological protection surveillance 
procedures. 
To assess the individual and collective doses to the ITER personnel the following 
specific source terms were considered: 
a) activated corrosion products (ACPs) on the inner surface of the cooling pipes and 

of the other components of the tokamak cooling water system (TCWS), 
b) airborne tritium in working premises, 
c) activation from neutrons produced during plasma operation, 
d) ACP in the coolant 
e) activation due to the delayed neutrons of 17N produced in the coolant. 
Sources d and e were shown to have a low influence on the final result and were 
neglected in the radiation safety analyses [San93, San00, San99, San98]. 
The shielding for the radiation produced from the core of the tokamak is initially 
provided by the bioshield, a hollow cylindrical concrete structure located around 
the cryostat, forming the pit. The bioshield has a number of plugs installed in front 
of each of the ports, designed for the in-vessel components removal and 
replacement, and that provide access for remote maintenance activities inside the 
vacuum vessel. The tokamak crane hall is shielded by a 2 m thick bioshield lid on 
the top of the cryostat. The lid is made up of removable concrete blocks to allow 
controlled access into the pit should any repairs be required. 
During maintenance, gamma and beta radiation comes from the plasma-facing 
components which have been extracted through the ports from inside the VV. These 
components are handled in casks which move on floor-supported air-bearing 
vehicles. To reduce the weight of the casks, no shielding materials are used in the 
casks themselves. The shielding function is performed instead by the buildings, 
structures, and passageways through which the casks move. Most radioactive 
components and materials are moved to either the hot cell building or the low level 
radwaste building. Objects will exit the tokamak building via a lift shaft located in 
the gallery space and be delivered to the hot cell complex. Shielding is provided, 
along this path, by the building structural elements. A concrete thickness of 1 m is 
provided in the floor slabs; in certain locations, a wall thickness of 500 mm is used 
where it provides both adequate strength and sufficient shielding. All other 
radioactive materials are located in the tokamak complex, the hot cell, or the 
radwaste buildings. 



Also for this source of radiation the shielding is provided by the thickness of the 
building structures supplemented, where necessary, by local shielding. 
A specific method was implemented to assess the worker safety during the hands-on 
operation at the tokamak cooling water system (TCWS). On the average working 
activities at the TCWS are defined to take place at least 5 days after plasma shut 
down. Therefore other source terms like 16N in the coolant or prompt radiation 
from plasma burning were not considered to assess doses due to these operations. 
PACTITER code [Tar97] was used to evaluate ACP inventory in TCWS components. 
ACP results for TCWS loops were extrapolated from the PACTITER output [Dip00] 
related to 5 days after plasma shut down at the end of 20-year operation. 
Tritium contribution to the collective dose was also considered. The room 
concentration was assumed according to the criteria reported in Table 1 [Mos00, 
Mos97]. 
The DAC in Table 1 is the derived activity concentration of HTO (equal to 3 105 
Bq/m3 [Icr78, Icr94]) that is responsible of an annual dose of 20 mSv in 2000 hours 
of exposure. The related dose rate is 10 microSv/h. 
A summary of the radiological source terms is reported with some comments and 
assumptions in Table 2.  
As an example, in the following, the radiological sources considered for the 
maintenance of the in vessel systems are recalled. The sources considered in this 
case are the neutron activation due to the plasma burning, the Activated Corrosion 
Product (ACP) on the inner surface of the TCWS pipes and components and tritium 
concentration in the atmosphere of working premises.  Areas that are interested to 
the workers access were identified for all the ports in one of the following three 
positions [San00]: a) outside bioshield, b) outside cryostat (but inside bioshield), c) 
outside vacuum vessel (but inside cryostat). Also the condition of the further port, 
closed or open, was considered due to the high dose rates coming from the in-vessel 
components. In the actual design cryostat and vacuum vessel barriers are 
represented by the same wall, therefore the situation has changed but the method 
is still valid. 
 



Table 1 - Tritium Oxide DAC Levels Assumed for ORE for Heat Transport Systems 
 

Location Component Comments HTO 
DAC 

Protective 
factor 

During inspection, maintenance with 
components unopened 

1 2 

Work on open components with potential 
hold-up* of water containing tritium 

50  1000 

Final activities before close-up 2 2 

Heat 
Transport 
Vault 

All except 
valves 

Final activities after close-up 1 2 
All valves During inspection, maintenance with 

components unopened and final activities 
after close-up 

1 2 

Valves <13cm Component open 1 2 

Heat 
Transport 
Vault 

Valves >13cm Component open 2 2 
Components with potential hold-up opened 50 1000 Components 

with 
potential 
hold-up* 

Components with potential hold-up un-
opened or final activities after close-up 

0.1 1 
Outside the 
heat 
transport 
vaults 

All other 
components 

 0.1 1 

*These are components with internal parts that may retain water, even after they 
have been drained and dried.  Examples are pump internals, filter housing, and 
heat exchangers. 
 

Table 2 - Radiological source terms and assumptions 
 

Source term Considered in the  
assessments 

Comments and assumptions 

Direct radiation Sometime Hands on activities take place after plasma shut 
down 

Neutron activation 
 

Yes It is important inside bioshield only. Continuous 
updates of the specific calculation are needed  

Atmosphere 
activation  

Sometime Very low contribution 

Dust 
 

Never Low contribution and possible control. It could be 
a concern in some specific maintenance scenario. 

Airborne tritium  
 

Many times Concentration extrapolated from known 
situations. Specific analysis should be needed 

Activated 
corrosion products 

Almost always Assessment performed with PACTITER code 

17N delayed 
neutron 

Never Low contribution due to the loop length 

16N Never  Very short half life to be a concern during 
maintenance 

 
The average dose rate values assumed for the different positions with respect to 
the closure plates in the previous design are reported in Table 3. 
The dose rate due to neutron activation was extrapolated from the results of 
complex 3D neutron transport and activation calculations [Was00]. The calculation 
of the dose rate around the TCWS components was assessed considering ACP 
inventory with the help of the PACTITER computer code a modified version of the 
PACTOLE code which has been extensively used and validated by the French nuclear 
industry for PWR ACP predictions.  



To evaluate the shielding effectiveness of the water cooling system components the 
MCNP (Monte Carlo for n particles transport) [Mcn00] code was used and the dose 
rate data, shown in Table 4, were assessed. 
 

Table 3 – Assumed dose rates at the tokamak barriers 
 

Reference area Dose rate due 
to neutron 
activation 

[microSv/h] 

Dose rate due 
to ACP per 

cooling pipe 
[microSv/h] 

Tritium in 
air (No of 

DAC) 

Protective 
factor due 

to 
protective 

clothes 

Equivalent 
tritium 

dose rate 

[microSv/h]

Total 
Dose rate
(4 cooling 

pipes) 
[microSv/

h] 
Outside bioshield 

(out-bio), port 
closed 

1 2 0.1 1 1 10 

Outside bioshield 
(out-bio), port open 

25 2 2 2 10 43 

Outside cryostat 
(out-cryo), port 

closed 

50 2 2 2 10 68 

Outside cryostat 
(out-cryo), port 

open 

75 2 50 1000 0.5 84 

Outside vacuum 
vessel (out-vv), port 

closed 

100 2 50 1000 0.5 109 



 
Table 4 – Dose rate for the TWCS loop components 

 
Dose rate (µSv/h) PFW/IBB DIV NBI 
  Close Near Close Near Close Near 
System-Component  30 cm  1 m 30 cm  1 m 30 cm  1 m 

main pump 
2,46E+0

0 
1,10E+0

0 
8,95E+0

0 
4,00E+0

0 
5,37E+0

0 
2,40E+0

0 

Low Flow pump 
8,05E+0

0 
3,07E+0

0 
8,90E+0

0 
3,40E+0

0 --- --- 

Heat Exchanger 
7,40E+0

0 
4,75E+0

0 
3,27E+0

1 
2,03E+0

1 
5,89E+0

1 
3,65E+0

1 

Pressurizer 
2,28E+0

0 8,01E-01
5,92E+0

0 
2,07E+0

0 
3,55E+0

0 
1,24E+0

0 

Heater 
3,77E+0

0 
1,44E+0

0 
1,46E+0

1 
5,55E+0

0 
8,74E+0

0 
3,33E+0

0 

Pipe & Support 
2,33E+0

0 
1,04E+0

0 
8,45E+0

0 
3,78E+0

0 
5,07E+0

0 
2,27E+0

0 

Instrument 
2,33E+0

0 
1,04E+0

0 
8,45E+0

0 
3,78E+0

0 
5,07E+0

0 
2,27E+0

0 

Large Valve 
2,33E+0

0 
1,04E+0

0 
8,45E+0

0 
3,78E+0

0 
5,07E+0

0 
2,27E+0

0 

Small Valve 
2,33E+0

0 
1,04E+0

0 
8,45E+0

0 
3,78E+0

0 
5,07E+0

0 
2,27E+0

0 

Relief Valve 
2,33E+0

0 
1,04E+0

0 
8,45E+0

0 
3,78E+0

0 
5,07E+0

0 
2,27E+0

0 

Relief Tank 
2,33E+0

0 
1,04E+0

0 
8,45E+0

0 
3,78E+0

0 
5,07E+0

0 
2,27E+0

0 

CVCS Rec HX 
2,69E+0

0 9,46E-01
1,97E+0

1 
6,91E+0

0 
1,18E+0

1 
4,15E+0

0 

CVCS Cooler 
7,36E+0

0 
2,58E+0

0 
2,68E+0

1 
9,39E+0

0 
1,61E+0

1 
5,64E+0

0 

CVCS filter 
3,59E+0

0 
1,26E+0

0 
2,79E+0

0 9,79E-01
1,68E+0

0 5,87E-01

CVCS resin bed 
3,59E+0

0 
1,26E+0

0 
2,79E+0

0 9,79E-01
1,68E+0

0 5,87E-01
CVCS contr Tank 1,07E-01 3,74E-02 4,10E-01 1,44E-01 2,46E-01 8,62E-02
CVCS Re-inj pump 1,56E-01 5,49E-02 6,57E-01 2,30E-01 3,94E-01 1,38E-01

Individual and collective dose assessment 
Individual effective doses were assessed during the studies for the ITER worker 
safety for some activity only but were not pointed out. The assessment was 
finalized to calculate the collective dose and only the result related to the last 
parameter was declared. Nevertheless individual doses were calculated for the 
operators involved in the following activities: 

• Normal surveillance in the tokamak building 
• TCWS components routine maintenance 
• Hands-on assistance for RH maintenance of the in-vessel components 

During the normal surveillance the operator undergo to an average dose rate of 1 
µSv/h and its annual shift is of about 2000 hours, annual individual dose rate for 
this operator is therefore 2 mSv. 
Maintenance of the TCWS components requires different kind of operations and the 
dose rates in general ranges from about 1 µSv/h to some tens of µSv/h. For some 
special operations the worker could be required to go inside the Channel Head of 



the Heat Exchanger (HX) where the dose rate is as high as some hundreds of µSv/h. 
An average individual effective dose for this activity has no meaning since the 
different operators will undergo to a completely different exposure. Anyway the 
most exposed operator could have an annual effective dose of about 10 mSv and 
the major quantity of the workers involved in this activity should stay below an 
annual effective dose of 6 mSv. 
The hands-on assistance to the RH for the in vessel components includes many 
working tasks and the same consideration already issued for the TCWS maintenance 
also applies to this working activity. Also in this case, the most exposed operator 
could have an annual effective dose of about 10 mSv and the major quantity of the 
workers should stay below an annual effective dose of 6 mSv. 
In the design phase it was easier finding aggregate data related to number of 
person and time required to perform a specific working task, the so called person-
power in pers-h or man-h. This data were provided by the machine designers 
[Kat01, Kat99, Kat99a, Mar01] and were associated with the specific working 
procedure. 
 
Table 5 – Working strategy for maintenance and inspection of the HXs of the ITER 

TCWS 
 

M/I Item Frequency 
(tasks/yr) 

 Person 
power (pers 
h /task) 

Operator 
position 

• preparation/ clean-up 
• removal/ replace 
insulation 
• open/ close manhole 
• tube inspection 
• visual inspection 
• welding seam 
inspection 
• flange- leak check 
• leak test 

7 
7/10 
 
7/10 
7/10 
7 
7/10 
 
7 
7/10 

33 
18 
 
24 
3 
8 
33 
 
12 
40 

Remote 
Close 
 
Close 
Near 
Close 
Near 
 
Near 
Near 

 
As an example in Table 5 the working strategy for maintenance and inspection of 
the typical HX of the ITER TCWS is reported showing the task frequency, the person 
power and the average operator position during the specific working task. The 
worker position is related to the dose rate due to the different sources and 
therefore the collective dose could be easily calculated. 
The evolution in the ORE assessment for the TCWS is shown in Table 6 to point out 
the influence of the assessment during the design modifications. The decrement of 
the collective dose during the years is also due to the evaluation process itself that 
indicates the way for improving the worker safety. 

 



Table 6 - Evolution of TCWS collective dose estimate 
 

Design 
Version 

Major Changes Annual Collective Dose per 
single loop 

[person-mSv/y] 
EDA 1996 Initial design and assessment 

assumptions 
77,8 

EDA 1997 CVCS decontamination factor increased 
from 2 to 10 

20,6 

EDA 1998  CVCS decontamination factor increased 
to 50, modification of CVCS units, 
improved inspection and maintenance 
plan 

13,9 

EDA 2000 Improved ALARA, models upgrading 12,8 
FEAT 2001 Reduced number of components, 

increased pipe-wall thickness, adopted 
realistic operating scenarios and worker 
positions 

12,4 

 
The current situation for the assessment of the collective dose based on the ITER 
design is reported in Table 7 in which the list of the ITER systems located in the 
radiologically controlled buildings is reported together with the ORE calculated 
until the last analysis, completed at the end of 2005 [Dip05]. 
Another work has been recently devoted to the review of the collective dose for the 
hands-on activities in assistance to the remote handling at the tokamak ports 
[Pin05]. In this study a specific software tool has been developed that will assist 
the safety analysts in evaluating maintenance procedures and assessing the related 
ORE. The results of this last analysis are preliminary but they seems to confirm the 
order of magnitude of the ORE values assessed in the previous studies and reported 
in Table 7. 
In the table two items are left undefined: the RH Equipment and the Hot Cell 
Processing. 
The maintenance of the RH equipment is a difficult task since the design of these 
specific devices is not yet completely defined and no special study exists related to 
their failure rate or maintenance requirements. Critical parameters like equipment 
position and maintenance facilities are missed and it is not adequate speculating 
on this data at this stage of the project. 
The operations in the hot cell should be done with remote tools and the operators 
should not be involved in an important way. Nevertheless a specific study is needed 
in order to quantify this amount of additional dose and could be the next effort in 
this field. 

Conclusions 
The review of the analyses performed in the last 15 years for the assessment of the 
individual doses and mainly of the collective dose for the working activities at the 
ITER fusion facility has been presented in this report. The studies are still on going 
and some further result is aspected in the next months but the general picture for 
the ORE of the ITER plant is almost complete showing the favorable radiological 
impact on the workers of this fusion facility when compared with that of the fission 
power stations, also the most recent ones. 
The nature of ITER is still that of an experimental machine and the comparison 
could be  inappropriate but the technological solutions and the full implementation 



of the radiation generating systems, including tritium loading and management, 
make it acceptable to dare this matching. 
The result for the workers involvement, together with the well known low 
radiological impact on public safety and on external environment of ITER nuclear 
fusion facility, is very promising for the future viability and acceptability of the 
nuclear fusion energy. 
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Table 7 - Collective dose assessed until the last analyses 
 

ITER Systems  ORE  
(pers mSv/y)

Comments 

Tokamak Basic Machine   
Toroidal Field (Tf) Coils System 0,0 
Poloidal Field (Pf) Coils System 0,0 
Central Solenoid (Cs) System 0,0 

Possible very unlikely 
unscheduled maintenance  

Vacuum Vessel 0,0 Included in other systems 
Blanket System 18,9 revised in 2003 analysis 
Divertor 6,11  revised in 2003 analysis 
Fuelling And Wall Conditioning 0,0 negligible 
Tokamak Ancillary Equipment and Cryostat   
Machine Assembly And Tooling 0,0 negligible 
Remote Handling (RH) Equipment TBD Requires additional analysis
Cryostat 0,0 Included in other systems 
Cooling Water System 68,7 revised in 2003 analysis 
Thermal Shields 0,0 Included in other systems 
Tokamak Fluids   
Vacuum Pumping & Leak Detection Systems 6,08 revised in 2003 analysis 
Tritium Plant 2,1 assessed before 2003 
Cryoplant And Cryodistribution 0,0 negligible 
Power Supplies - Command Control   
Coil Power Supply (Ps)  And Distribution   0,0 negligible 
Heating And Current Drive Power Supplies 0,0 negligible 
Port Interfacing Systems   
Ion Cyclotron Heating And Current Drive System 21,66 revised in 2003 analysis 
Electron Cyclotron Heating And Current Drive System 57,95 revised in 2003 analysis 
Neutral Beam Heating And Current Drive System 0,0  negligible 
Diagnostics 80 assessed before 2003 
Test Blankets 13 assessed before 2003 
Site And Facility Support   
Hot Cell Processing TBD Requires additional analysis
Low Level Waste Management 4,9 Dec. 2005 assessment 
Liquid Distribution 0,0 negligible 
Gas Distribution And Compressors 0,0 negligible 
General Testing Equipment 0,0 negligible 
Plant Sampling Systems 0,0 negligible 

TOTAL (without TBD) 280   
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