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Our Ref: ' MRE/PIR57/642/01/SR 
Your Ref:

Date: 26 September 2001

Mr J Clarke
Regulatory Liaison Office
Building B113
British Nuclear Fuels Pic
Sellafield
Seascale
Cumbria
CA20 IPG

For the Attention of M r R Morley 

Dear Mr Clarke

SELLAFIELD AUTHORISATION REVIEW: ASSESSMENT OF BNFL 
INFORMATION RELATING TO ESTIMATES OF ‘WORST CASE’ FUTURE 
RADIOACTIVE DISCHARGES AND BUSINESS REQUIREMENTS FOR FUTURE 
DISCHARGE LIMITS.

As you will be aware the Agency has recently published, for consultation, proposals for the 
future regulation of radioactive waste disposals from BNFL, Sellafield. In this document we 
make reference to how we will consider your “new information” related to estimates of 
“worst case” future radioactive discharges and “business requirements” for future discharge 
limits. For example the summary of the document states:

“BNFL has submitted new information ori ‘worst case* estimates of future radioactive 
discharges and proposals for site and plant discharge limits, at a late stage in the review. The 
Agency advised BNFL that information must be received by 20 April 2001 to enable it to be 
considered in the review and reflected in the consultation documents. Further information 
was received from BNFL after this deadline. The Agency received information from BNFL 
at the end of May 2001 and in early June 2001 on revised estimates of worst case discharges 
and data relating to “business requirements for limits”, respectively.

BNFL’s late submissions are included in the package of information on which the Agency is 
consulting. This information was submitted too late to be assessed fully prior to the public 
consultation. However, the Agency will examine it closely and will take it into account in 
formulating its final proposals that will be forwarded to Ministers, after the consultation has 
ended.”

Cont/d. . Sellafield RSA93 Review
Main Review Decision Document
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As you are aware, in line with Government’s expectations, the Agency intends to formulate 
its final proposals in a timely manner, once the consultation period is complete. 
Consequently, we are now beginning to assess this ‘new information’ but will also take 
account o f any consultation responses on the matter.

The Agency notes that BNFL’s Business Requirements are based upon professional 
judgement o f experienced site personnel, and have been peer reviewed and underwritten by 
the Site Management Team. However, we consider that the information you have provided 
does not allow us any insight into how the figures quoted have been calculated and hence 
their technical validity. If  the Agency is to take this information into account when 
formulating its final proposals an explanation of the basis on which these business 
requirements have been calculated will be required. In addition, there are matters relating to 
the worst case discharge estimates, which would benefit from some clarification.

Rather than waiting for any consultation response which BNFL may submit, the Agency is 
keen to follow these matters up in a timely manner. Consequently, I am writing to invite 
BNFL to submit further explanation and/or to discuss these matters with the Agency. The 
Agency considers that this approach will facilitate the timely completion of the review.

Please could you reply indicating the way in which BNFL intends to proceed.

Yours sincerely

f  f*DR M R  EMPTAGE
Process Industry and Radioactive Substances Regulation Inspector

Sellafield RSA93 Review 
Main Review Decision Oocumei 
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Our Ref: SEL/SR/01/658; MRE/659/01
En v ir o n m e n t
Ag e n c y

Your Ref:

Date: 8th November 2001 

Mr J Clarke •
Head of Environment Health and Safety
British Nuclear Fuels pic
Sellafield
Seascale
Cumbria
CA20IPG

For the Attention of Mr R Morley

Sellafield Authorisation Review: Update of past disposal information

Dear Mr Clarke

As you are aware the public consultation for the Sellafield review closes on the 3rd December 
2001. Clearly it is important that the Environment Agency considers the most update 
information regarding disposals of radioactive waste from Sellafield when reaching a 
decision on the future conditions and limitations of your authorisation. Consequently, the 
Agency requires BNFL to supply an update of all past disposal information covering the 
period 2000-2001. The information should be consistent with that provided in earlier review 
submissions to the Agency and cover all disposals made under the six Radioactive 
Substances Act authorisations for the Sellafield site. The reasons for any significant disposal 
trends, or individually elevated disposals, should also be given. Where appropriate, 
information should also be provided on plant throughput so that the disposals may be set in 
the context of the plant performance.

All available information should be supplied by the end of 2001. Any outstanding 
information (e.g. disposals for the last month or so in 2001) should be provided as soon as 
possible after the end of 2001).

Yours sincerely

n

■ Dr MR  Emlptage 
Process Industry and Radioactive Substances Regulation Inspector

The Environment Agency
Chyll Mount, Gitlan Way, Penrith 40 Business Park, Penrith, Cumbria CA11 9BP 
Tel: 01768 866666 Fax: 01768-865606

Sellafield RSA93 Review 
Main Review Decision Document 
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BNFL

Dr M Emptage 
Environment Agency 
Ghyll Mount 
Gillan Way
Penrith 40 Business Park
PENRITH
Cumbria CA11 9BP

ENVIRONMENT AGENCY 
i NORTH AREA

[ d a t e  ' 

i RET-I

2 2 NOV 2001

94

British Nuclear Fuels pic

Sellafield
Seascale
Cumbria CA20 IPG 
Tel: 019467 28333 
Fax: 019467 28987

Direct tel: 019467 74600 
Direct fax: 019467 74797

Your ref:

Our ref: EA/01/2532/01 

16 November 2001

Dear Dr Emptage,

JUSTIFICATION OF BNFL'S BUSINESS REQUIREMENT FIGURES AND MARGINS

In response to your letter of 26 September 2001, the following information is provided to help 
explain BNFL's Business Requirement figures, as provided in letter reference EA/01/1898/02 on 
6th June 2001. These figures were generated following provision of drafts of the proposed new 
limits, at our meetings in January and February 2001. From these figures it became clear that in 
some cases these proposed values would be incompatible with BNFL delivering its declared work 
programmes. Against this background, BNFL produced a set of limit proposals to be compatible 
with delivery of its declared work programmes. This exercise identified over 20 separate instances 
in which there is substantial scope to reduce discharge limits in the current Authorisation. This set 
of limit proposals, including scope for limit reductions, has been described as "Business 
Requirements”.

It is important to note that the Business Requirement figures were prepared on very short 
timescales, in order to meet the impending consultation dates. BNFL believes that insufficient time 
has been made available to properly assess the potential impact of the EA's proposals on the 
operations on the Sellafield site, since the final methodology and limit proposals were only made 
available to BNFL in late July 2001.

An assessment of the impact of the EA's proposals will be included in BNFL's response to the 
Explanatory Document, which will clearly detail several examples in which the EA's suggested 
limits and limit-setting methodology will severely constrain BNFL’s intended operations.

Sellafield RSA93 Review 
Main Review Decision Document
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General Considerations When Proposing Limits

Page 2 of 18

• Best Practicable Means to Achieve Overall Minimisation of Environmental Impact from 
Historic Legacy Wastes

BNFL is committed to a programme of waste management, including waste retrieval and 
clean-up of redundant plant and equipment and the safe disposal, as appropriate, or storage of 
all radioactive wastes. A major review of strategy is being undertaken in the historic legacy 
wastes area and this could result in proposals for revised work programmes and resultant 
changes to associated discharge predictions.

BNFL has expressed, in meetings with the EA, its concerns about some aspects of the basis of 
the EA's limit-setting model. In the specific context of historic legacy wastes, appropriate, and 
timely, mitigation of overall environmental impact and risk are fundamental objectives for the 
Company. The efficiency and effectiveness of the EA's processes for determining appropriate 
discharge limits can be expected to be crucial in support of BNFL meeting its obligations.

• Forward Programmes of Work

Page 26 of BNFL's Part A Authorisation Review submission (February 2000) includes the 
statement:-

"...Forward programmes o f work and planned engineering shutdowns are the best available 
at the time o f submission. It should be noted however that these programmes are conditional 
on a number o f factors outside the individual plant management’s managerial control, and 
should therefore be treated as indicative only...''

• Compliance with Other Environmental Regulations

Various environmental protection regulations apply to relevant operations at Sellafield. 
Principal amongst these is the authorisation of discharges arising from processes prescribed for 
the purposes of Integrated Pollution Control. BNFL wishes to be simultaneously compliant 
with all regulations and other requirements.

• Evolution of BPM Techniques in the Management of Plants and Processes

BNFL needs to be able to undertake, from time to time, plant investigation and/or modification 
for the purpose of improving environmental performance, including reduction of discharges. It 
is possible that discharges may increase slightly during these investigations, though the long 
term aim is to minimise environmental impact. There is potential for conflict between this need 
and compliance with any limit set too close to the level of discharges arising from "normal" 
operations.

• Sampling and Monitoring

Changes to the design or operation of effluent sampling and/or monitoring equipment may lead 
to a systematic change to recorded discharges. The continued pursuit of BPM as applied to this 
equipment may be in potential conflict with any limit set too close to the historic recorded 
level of discharges arising from "normal" operations.

Sellafield RSA93 Review 
Main Review Decision Document 
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Scope o f Discharge Accountancy Arrangements

i

i
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There are issues connected with implementation of site and plant limits, which BNFL wishe* 
to discuss with the EA in order to secure clear and practicable arrangements for demonstrating 
compliance.

Accumulation and Periodic Discharge of Radioactive Waste g

Page 26 of BNFL's Part A Authorisation Review (February 2000) makes a point about the 
potential effects of plant ageing arid accumulation of radioactivity on discharges. It is not cleaM 
to BNFL how, if at all, this feature has been taken into account by the EA. |

Waste Minimisation
i

Both BNFL and EA are concerned about the need to minimise the generation of wastes. The 
application of the ‘concentrate and contain’ principle however, needs to be balanced with t h l  
environmental detriment of storing quantities of low active wastes, with the associate™ 
containment materials, when holistic BPEO and BPM studies may indicate dispersion has the 
lowest environmental detriment. |

Based on the above general considerations, BNFL believes that it is sensible to include a margin of 
25% above the individual maximum operating level plant and process predicted liquid discharge* 
For control o f aerial discharges, where sentencing is not possible and only retrospective 
determination of discharges is available, BNFL believes that it is appropriate to include a margin 
o f 33% above the individual maximum operating level plant and process predicted a e r iJ  
discharges.

Selectively Applied Margins . ^
In addition to the above general considerations, the following specific margins have beeir 
selectively applied to the maximum operating level discharges to calculate the BusinesB 
Requirement figures (see reference EA/01/1840/01):

Authorisation Compliance -  A margin is needed because operators will not deliberatelj 
operate up to the Authorisation limit, since to do so would represent a clear threat to 
compliance with the Authorisation.

i
To illustrate this issue an example for aerial C-14 is presented >

Currently BNFL has four Schedule limits for C-14 (Schedules 1,2,4 and 5). The total site limjj 
is 93% of the summed Schedule limits. Each Schedule works to 80% of its limit (with the 
exception of Calder which has a slightly higher allowance to account for operational increased 
as determined by our Aerial Effluent Control Working Party (AECWP). This corresponds t |  
working to 87% of the site limit.

There are six proposed individual limits for specific stacks (Thorp, B204, STP, WVP, We I  
and Calder). The proposed total site limit is 70% of the sum of these individual limits. In 
accordance with the methodology derived by AECWP in June 1998 (referred to above) t h |

Sellafield RSA93 Review 
Main Review Decision Documen 
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individual plants would need to work to only 56% of the proposed individual stack limits in 
order to effect working to a margin of 80% of the proposed site limit.

Appropriate allowance must therefore be taken into account for both individual stack limits 
and relevant site limits. In a similar vein, appropriate allowances must be taken into account 
for liquid discharges.

- Volumetric Flowrate Variability - An increase in stack or pond purge flowrate can increase 
apparent discharges. It is not uncommon for stack flowrates to vary routinely during normal 
operations, with occasional much higher variations as changes are made to some of the 
systems. Some of this variability is accounted for within the statistical approach that has been 
adopted for some prediction methodologies. However, in some cases, a relatively short 
historical period was used to produce BNFL’s data, so the full range of variation was not 
included. To account for this a suitable margin is suggested.

- Limit of Detection (LOD) -  Some consideration is required to take into account apparent 
variation in discharges due to LOD effects in analytical results. These are not real discharge 
increases, nor decreases, but are caused by the way rules within the discharge calculation 
protocols affect the interpretation of LOD results.

Reduced Operational Flexibility — The EA’s proposals introduce significant additional 
complexity in the form of individual upstream plant limits. This system would remove an 
important operational flexibility from BNFL to manage its discharges, from groups of plants 
within authorised "envelopes". This loss of flexibility needs to be mitigated through the choice 
and level of plant limits.

- Limited Source Data - Some source data is limited to the format Total alpha or Total beta, so 
although final predicted discharges as reported to the EA are correct for these discharge 
categories, individual nuclide data may be underestimated in some cases.

Consideration of Radioactive Half-Life — When establishing plant and site limits for the 
shorter ‘half-life’ radionuclides Zr-95/Nb-95, Ru-106, Sb-125, Cs-134 and Ce-144, due 
consideration needs to be given to the impact of variation in the cooling of the material likely 
to be processed in future years compared to that related to the material processed to date. This 
is because inventory levels for these species exhibit an extreme sensitivity to differences in 
cooling which generally overshadows the influence of fuel ‘bum-up\ The EA’s methodology 
for establishing site limits has either not taken this phenomenon into consideration or it has 
effectively eroded any such allowances justified by BNFL at a plant level.

Whilst a broad framework has been described for identifying discharge limits which may be 
suitable, the ultimate requirement is for case-by-case consideration which takes into account all of 
the relevant facts and which gives fair weight to the experience of BNFL's plant operating staff.

Plant-Specific Comments - Liquid Discharges

Segregated Effluent Treatment Plant fSETP)
The maximum operating level data provided to the EA for SETP have been scaled to allow for 
increased discharges due to planned future reprocessing throughputs. SETP discharges contain a 
component due to Thorp discharges; this component has also been scaled to allow for increased

Sellafield RSA93 Review 
Main Review Decision Document 
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I
bum-up and shorter cooling of the reprocessed fuel. Further components of the future SETll 
discharges are due to POCO and decommissioning discharges, these have been based on design 
flowsheet data as this is the best information available. g

The majority of the proposed limits are slightly higher than the maximum operating level figures 
(provided by BNFL in February 2000), although not in all cases. BNFL would require the nevB 
limits to be above the maximum operating level figures provided in all cases. Also, as statedr 
above, there is some uncertainty associated with any discharge and it is felt that it many cases th ^  
figures proposed do not allow sufficient margin above the expected discharge. I

Enhanced Actinide Removal Plant flEARPl Bulks |
The proposed limits are all greater than the maximum operating level figures supplied by BNFL 
(in February 2000) except for Zr-95/ Nb-95, which has been set at around 6% of the maximun^ 
operating level figure provided. This is significantly at variance with operating requirements, afl 
any limit would need to have a margin above the predicted discharge figure for reasons listed 
above. g

As for SETP, maximum operating level discharges have been scaled to allow for planned Thorp 
and Magnox throughputs and also the increased bum-up and shorter cooling times for the fueh 
being reprocessed. Again there are components of the future EARP bulks discharge which are d u £  
to POCO and decommissioning, hence these discharges have been predicted using flowsheet data, 
which is the best information available. |

Page 5 of 18

i
EARP Concentrates
Revised maximum operating level discharge figures were provided for several radionuclides in th 
letter of 31 May 2001 (reference EA/01/1840/03). This was due to the fact that it became apparent 
that the EA was intending to set upstream limits on a plant by plant basis. This would reduce thfl 
operational flexibility which existed when there was only a total site limit, whereby discharge® 
from the plants could be apportioned to meet a site total.

The EARP concentrates programme can treat three types of liquor. These are Medium A ctivJ 
Concentrate (MAC), Salt Evaporator Concentrate (SEC) and Floe retrieved from B241. The 
maximum operating level figures were calculated assuming treatment of up to 800m3 MACB 
1200m3 SEC or half a B241 stock tank per year. The discharges via EARP Concentrates permeatP 
when treating B241 Floe are taken from the appropriate safety review of the relevant Continuous 
Operational Safety Report (and a limited number of laboratory trials). Pu-alpha, Am-241, Sr-90[ 
Tc-99 and Cs-137 have been estimated from the total alpha and beta values using the "fingerprint™ 
for permeate from the appropriate B241 Floe Treatment Process Flow Sheet Ultra-filtration o 
PS1. I
Previously the mean annual discharges of nuclides (other than Tc-99, Sr-90 and Ru-106) were 
calculated using data from 1995 to 1998 inclusive. In 1997, the amount of MAC treated waS 
reduced in order to work to a (self-imposed) Tc-99 annual maximum of around 90TBq. In 199* 
and 1996, BNFL operated at close to the annual Tc-99 limit of 200TBq. Thus inclusion of pr 
1997 data (i.e. 1995 and 1996) in calculation of the mean is not valid since it would include value 
which would be unlikely to be achieved in future years when working to a maximum annual Tc-9 
limit o f 90TBq.

Sellafield RSA93 Review 
Main Review Decision Documenl 
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EARP is a batch processing plant, as explained. The application of rolling "QNLs", set at a value 
of one quarter of the annual limit, is intended to secure a uniform rate of discharge. The design, 
and necessary mode of operation, of this plant is such as must lead to a significantly non-uniform 
rate of discharge. BNFL is concerned that through EA's choice of discharge limits, and application 
of QNLs as intended, EARP will be unable to meet its work programmes in full in respect of 
legacy historic radioactive wastes.

Site Ion Exchange Plant fSIXEP^
The SIXEP process can only control discharges of caesium and strontium; it is not designed to 
remove other species. BNFL therefore thinks that it is inappropriate to set limits where the plant 
has no ability to affect the discharges. In particular the proposed limit for Pu-241 has been set well 
below the maximum operating level discharge provided by BNFL.

Revised maximum operating level figures were provided for SIXEP, these figures include 
allowance for simultaneous discharge of future feeds. The updated discharge figures are derived 
from the 99% “annual upper bound” analysis of monthly data for 1995 -  98 inclusive. Feeds from 
Waste Encapsulation Plant and B27 have been scaled up to allow for the future treatment of higher 
bum-up shorter cooled fuel in Thorp.

Laundry and Lagoon
The limits proposed for the Laundry and Lagoon are all higher than the maximum operating level 
discharge figures provided by BNFL. However, the margin above these maximum operating level 
figures is less than is required, as there is a large uncertainty involved in predicting future 
discharges. This is because the Lagoon collects rainwater run-off from Separation Area. BNFL has 
no control over rainfall levels, and there is no abatement in place which could be employed to 
reduce discharges. The ability to avoid flooding in the Separation Area is essential however, 
therefore a limit set at too low a level would be breached, since action could not be taken to avoid 
this. Neither can discharges from the laundry be significantly reduced, because this forms an 
essential component of the safe working practices of the site.

The maximum predicted discharge figure is based on only 1.5 times the mean of historic measured 
discharges. However, the increased historic discharges due to the MAC spillage data in February 
1997 have been excluded from the calculations. The Business Requirement figure for the Laundry 
and Lagoon is therefore based on the maximum predicted discharge, with an allowance for the 
uncertainty in predicting future discharges and the general considerations and selectively applied 
margins discussed at the start of this letter.

Thorp Receipt and Storage
Limits have been proposed for four different nuclides, however these are less than the values 
required by BNFL for some of these nuclides. In the case of Cs-137, the proposed limit is less than 
the maximum operating level data provided by BNFL. This value is clearly less than that required 
by BNFL to allow planned operations to be carried out.

In the cases of Co-60 and Total alpha, the values are greater than the maximum operating level 
data provided by BNFL, however insufficient margin has been provided above this in setting the 
limit. For Co-60, the discharge predictions are based on the Thorp fuel ‘cleanliness’ model and the 
Total beta discharges were calculated from these projections using a mathematical relationship

Sellafield RSA93 Review 
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derived from an analysis of pond purge measured Co-60 and Total beta discharges, which has bee J  
explained and justified to EA at the meeting on 11 May 2001, and described in the letter of 31 
May 2001. A greater margin is required for Total alpha, as illustrated by an examination of th fl 
historic rolling 12 month discharge profiles and has been justified in the above reference® 
correspondence. A recent examination of historic rolling 12 month discharges to September 200 
confirms that the alpha limit being proposed clearly contains insufficient headroom to even cove 
the variance which can result when analytical results change from real to LOD. The EA wer 
advised by BNFL in the letter (EA/01/1195/03) of the 9th April 2001 of this phenomenon ancL 
were provided with illustrative charts and supporting statements to justify why an appropriate 
amount of headroom should be applied, especially as alpha discharges from Thorp R&S make 
such a small contribution to total site alpha discharges. ^

Thorp DOG ■
Revised figures have been provided by BNFL for several nuclides for this stream. These figureP 
were amended to correct an error in the Thorp fuel bum-up and cooling scaling factors for the year 
2008/09. The limits proposed are greater than the maximum operating level data provided b X  
BNFL, but less than the values required for any limits. These limits would restrict operations foP 
reasons listed above. Specifically, higher margins are required for H-3, C-14 and total alpha™ 
which is justified by examination of the historic rolling 12 month discharge profiles for the perio<B 
January 1995 to December 1999.

Sea Pipeline Site Limits ^
BNFL is not seeking any increases in the current discharge limits - including those currently 
regulating discharges into the Irish Sea. BNFL has concerns about some of the EA's proposal* 
both for plant and site limits as indicated in the above paragraphs headed "General Considerations 
When Proposing Limits" and "Selectively Applied Margins". ^

One particular area of concern is the EA’s proposals to significantly reduce the current site limits 
for the shorter half-life radionuclides Zr-95/Nb-95 and Ce-144. From an analysis of historic rolling 
12 month discharges from SETP and EARP bulks, BNFL believes that such reductions are n c | 
justified at the present time, due to the extreme sensitivity of individual waste stream inventory 
levels for these species to even small variations in fuel cooling, and the limited experience in tha 
processing of shorter cooled and higher bum-up fuel in Thorp. A higher proportion of the MagnoJ 
generated wastes to be processed in the future is also likely to have a shorter average cooling than 
that experienced during recent years. |

Factory Sewer ■
There are several limits proposed for discharges via the factory sewer. BNFL is in particul® 
concerned that the proposed Total beta discharge limit is less than the maximum operating level 
discharge figure provided by BNFL. £

The Factory Sewer outfall is the discharge point for a variety of effluents from the Sellafield Site, 
including surface water run-off, non-active process streams, overflows from domestic water tanfl 
and treated effluent from the site sewage plant. Whilst no change is expected in the discharges w  
drain from existing plants, new plants are being brought on stream and construction work 
continues to increase the catchment area of the surface water drainage system. Details of t i l  
additional discharges have been provided in BNFL’s Authorisation Review. However the mam
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contribution is due to possible discharges from the Lagoon, which is a large basin which acts as a 
collection point for potentially contaminated surface water, cooling water and borehole discharge 
water. A study of the Separation Area drainage system concluded that in the event of heavy rain, it 
was possible that localised flooding could occur in Separation Area, which could find its way into 
the inactive drainage system and thence to the Seabum Sewer. It was pessimistically assumed that 
up to 2000m3 of Lagoon water could be discharged to the Seabum Sewer in any year and that the 
activity of the liquor would be similar to that of samples taken from January 1986 to December 
1989.

Plant-Specific Comments - Aerial Discharges

B204 Stack and B6 Cell Vent
The methodology used to predict future discharges from B204 stack and B6 Cell Vent is extremely 
conservative, and hence the maximum operating level figures provided in the Part A report are 
unsuitable as limits. If these figures were to be used as limits, then statistics indicate that several 
breaches of the limits would occur during the period of the next Authorisation as a result of routine 
operation. The only way in which BNFL could avoid such breaches would be to deliberately 
restrict operations.

To aid understanding, the following information is provided to help explain the derivation of the 
Business Requirement figures, as calculated for B204 stack and B6 cell vent.

Assumptions and Generic Aerial Margins Required:

Assume that the standard Authorisations Review methodology has been applied; i.e. statistical 
treatment of historic discharges to produce realistic upper bound discharges (as detailed in the 
first Authorisations review methodology in 1995).

- Assume that no other margins have been included other than for new plant (i.e. estimated 
increase in discharges due to new decommissioning activity) or new abatement (i.e. estimated 
decrease in discharges due to new abatement technology).

- Assume that BNFL will not request an increase in discharge limits but will instead manage the 
increased business risk.

.The five factors described above (Authorisation Compliance; Volumetric Flowrate Variability, 
LOD Sampling Variability, Reduced Operational Flexibility and Limited Source Data) were 
applied to predicted discharges from B204 stack and B6 cell vent.

Further detailed information relating to how these margins should be applied to the predicted 
discharges for B204 stack and B6 Cell Vent is given below:

Reprocessing Specific Margins:
LOD factors are applied to upper bound discharges of Total alpha, Pu(alpha), Pu-241, Ru-106, 
Am-241/Cm-242 and Cs-137 from B204 stack.

LOD factors are applied to upper bound discharges of Total alpha, Total beta, Pu(alpha), Pu-241, 
Am-241/Cm-242, Sr-90,1-129 and Cs-137 from B6 Cell Vent.

Sellafield RSA93 Review 
Main Review Decision Document 

Supporting Information
3



I

Non-LOD factors are applied to other predicted discharges except for 1-131 from B204 and B6 cellP 
vent which are based on flowsheet discharges to allow for shorter cooled fuel at the end of 
Magnox Reprocessing life. 1-131 discharges from B204 and B6CV are directly related to B205B 
reprocessing throughputs, therefore inappropriately low limits will result in reduced throughputs. ™

Based upon the above, BNFL believes that additional factors are required to produce acceptable® 
limits, which in several cases are higher than those proposed by the EA for B204 stack and B6 celr 
vent in the Explanatory Document. ^

B230 Stack -
BNFL is disappointed to note that the EA have proposed limits for H-3 and Kr-85 from B23CJ 
stack. Discharges of these two nuclides from B230 stack are expected to be very low. Carrying out 
measurements for such discharges would require the installation of extremely expensive* 
monitoring equipment, along with resultant doses to personnel associated with the installation® 
The majority of discharges from B230 stack arise as a result of the analysis of samples, which is 
necessary to ensure compliance with the Authorisation and to provide a sound understanding o i | 
plant operations. There is no abatement equipment in B230 stack which is capable of reducingi 
discharges of H-3 and Kr-85, hence there is no practicable method in which these discharges can 
be reduced, other than by reducing the number of analyses which are carried out. Th® 
proportionality of the EA's proposals is far from apparent. I

BNFL has also provided additional information relating to discharges of Cs-137, Pu discharge# 
and Total beta discharges from B230 stack, which shows that the proposed limits for thes J  
discharges are inappropriately low. A significant period of time has passed since the original 
discharge predictions were provided in the Part A report, hence BNFL has had the opportunity tcfl 
further review and refine its figures. Following such a review, BNFL derived refined worst casP 
figures for B230 stack, based on 2.56 standard deviations plus the mean, except for the Sr-90 
figure, which was based on 1.96 standard deviations plus the mean (using 2.56 standard deviation# 
for Sr-90 produced a figure which was greater than the current Schedule 1 limit). This approach iP  
consistent with several other methodologies used to predict discharges in the Part A report.

The review for B230 stack included comparison with recent discharge data for the year 2000. It i J  
apparent from this review that the figures initially proposed by EA as potential limits were 
inappropriate, and had the limits already applied, breaches would have occurred during the year i d  
question. This is despite the fact that no abnormal discharges occurred or unusual operations toolP 
place during this time period, and that BPM continued to be employed throughout. Based on tĥ  
revised statistical approach, and making suitable allowance for margins, including the necessz 
operating margin, resulted in the Business Requirement figures which BNFL provided on 6 Jun  ̂
2001 (reference EA/01/1898/02).
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Solvent Treatment Plant fSTP^ Stack _
There are two feeds into the STP stack, one from the STP process itself and one from highly ac tiv l 
storage and evaporation (HALES).

STP process maximum production values are 2 times design flowsheet and are used as a basis f o |  
Business Requirement limits. There is an inherent risk associated with setting limits too close to 
flowsheet figures, since there is no historical data on which to base future predictions. By settin* 
limits too low, this could also prevent investigative work carried out on the plant, which is aime<|

I
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at minimising discharges and operating to BPM. It should be noted that no flowsheet data is 
available for several nuclides on which to base an estimate of future discharges.

The maximum operating level discharges from HALES are based on several methodologies:

Process design flowsheet

Measured discharge data from October 1998 sampling campaign used to predict C-14, 1-129,
1-131 and Ru-106 (Ru-106 particulate only).

Total alpha, Pu(alpha), Sr-90, Am-241/Cm-242, Cs-137 and Total beta, were predicted from 
LOD times stack flowrate, as these were found to be greater than the flowsheeted values.

- Pu-241 predicted from B204 historic measured data.

A factor of 2 was then applied to these values to calculate the maximum operating level figures.

The following assumptions were also made:

A caustic scrubber column Decontamination Factor (DF) of 2 for 1-129 and 1-131 and a DF of 
10 for C-14 have been assumed. Until active commissioning is completed the flowsheet values 
have been assumed.

Ru-106 predictions are based on gas stream sampling carried out in 1995 and October 1998.

Business Requirement figures are calculated by multiplying the maximum operating level 
figures by an appropriate factor. 1-129, 1-131, Ru-106 and Total beta Business Requirement 
figures are based on scaling up limited measured discharges during very early active 
commissioning, to which appropriate margins are then added, for the reasons detailed above.

The impact of increased fuel bum-up on aerial discharges is accommodated by using a factor 
of 2.

The Business Requirement Figures for Total alpha and Total beta have been multiplied by an 
additional factor increased above the 1.25 times maximum operating level value based on limited 
discharge measurements during active commissioning.

WVP Stack
BNFL believes that several of the limits proposed for discharges from WVP are inappropriately 
low. The following notes provide examples to demonstrate this.

Iodine-129
The EA's proposed limit is assumed to be based on 1.5 x mean year discharge x throughput factor 
(730 containers) x bum-up factor (2) x headroom (25%).

Recent assessments have identified several new issues, which need to be considered by the EA. In 
particular, it is important that the basis of the WVP ‘blending/bum-up factors’ is understood by the 
EA. The blending factor has been reviewed in the light of more recent discharge information, and 
this should be incorporated into any assessment of future discharges.
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As indicated to the EA during the Authorisations review process, recent measurements of the 
WVP stack flowrate indicated an increase in flow of 60% above historic measurements. This w ill 
increase future reported discharges by a factor of approximately 1.6. I

As the EA are also aware, BNFL are working to develop optimised sampling arrangements f o l  
iodine at WVP. Recent investigations indicate that reported discharges may increase by up to a 
factor of 2 in the future as a result of this work. ^

Another issue previously brought to the EA's attention is concerns about the connection between 
vent lines between B215 and WVP. The recent diversion of the off-gases from B215 through thfe 
Street Three scrubber will undoubtedly have affected the vent characteristics and flow of a i l  
between B215 and WVP. The EA have acknowledged that this link exists (within their explanatory 
document), but only 25% headroom seems to have been allocated for WVP to cover this plus alfa 
the other uncertainties. |

BNFL would suggest that the above three concerns justify a factor in excess of 3, although if l 
revised calculations of maximum discharges BNFL had only used a factor of 2. This is clearly |  
conservative approach, and failure to take this into account and allow appropriate margins is likely 
to impact on WVP's ability to carry out its planned operations. g

The WVP design flowsheet indicates Thorp reference fuel has 5 times the iodine inventory of 
Magnox reference fuel, which suggests a ‘blending/ bum-factor’ of 5 should be used to calculate 
the scale of future worst case discharges. This is supported by examination of recent dischargesp 
which suggests that moving from 100%Magnox feed to 75%Thorp/25%Magnox has increased 
WVP aerial iodine discharges by a factor of 2. Moving to reprocessing higher bum-up fuel througl 
Thorp is likely to increase future discharges by a further factor of 2. This means that a blendingP 
bum-up factor of 4 is justified for iodine.

BNFL therefore suggests, that at the very least, the following derivation should be used w h e j 
estimating maximum operating discharges:

Mean discharge x throughput factor x bum-up/blending factor (4) x future sampling factor (2) ^

Any future limit should also incorporate appropriate headroom to allow for general 
considerations, as discussed at the start of this letter. ®

It should be noted that the current schedule 2 limit had been reduced considerably in the Januarl 
2000 discharge authorisation variation without obvious technical justification.

Ruthenium-106 |
The EA’s original methodology appeared to be based on “1.5 x average year discharge x 
throughput factor x bum up factor”, leading to a value of 1.3E+03MBq as their initial proposal fo t 
a WVP stack Ru-106 limit. This assessment and the methodology adopted by BNFL to support i t l  
“worst case” discharge estimate included in the Part A submission of February 2000 used a bum- 
up factor of 2 for Ru-106 and did not consider the implications of differences in fuel cooling. g

The short one year ‘half-life’ of Ru-106 means that HA liquid waste inventory levels will be 
extremely sensitive to differences in average cooling, approximately doubling for each one yea* 
reduction in cooling. Hence, both these assessments must be inappropriate, as they assume that t h |

I
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average cooling of the HA liquid waste to be processed in the future will be similar to that 
processed to date. In actual fact the Thorp business plan (as used in the Authorisation review) 
shows quite clearly that future fuels will generally be stored for shorter periods prior to 
reprocessing.

Details of the Thorp business plan used, including the underpinning fuel cooling assumptions, was 
provided to the EA in October 2000 as part of BNFL’s explanation of the methodologies employed 
to generate the Part A predicted discharges. This showed that, based on Thorp fuel only, inventory 
levels of Ru-106 are expected to be approximately 51 times higher than that present in the wastes 
processed to date. This equates to a difference in average cooling of between 4 and 5 years 
(assuming a ‘bum-up factor* of 2). Aerial discharges of Ru-106 at both the Thorp and WVP stacks 
are likely to reflect this increase.

BNFL provided a brief explanation of this in the further information supplied in April 2001, to 
which the Agency’s response was to propose a site aerial discharge limit of only 14 GBq/yr for 
Ru-106. Allowing for the fact that both Thorp and WVP are likely to operate at, or close to, their 
optimum plant throughput rates simultaneously in a rolling 12 month period, this proposed site 
limit may only provide sufficient headroom for no more than a 1.5 year difference in average 
cooling.

A “worst case” estimate for discharges of Ru-106 at the WVP stack was calculated as part of 
BNFL’s assessment of its Business Requirement figure for site aerial Ru-106 discharges, as 
supplied to the EA in May 2001. This was based on the data and the methodology used by the EA 
(i.e., 1994-1999 measured discharges, excluding the period of the incident), but also took into 
account a ‘cooling factor’ of 30 (which assumed an average 5 year reduction in cooling). Based on 
this approach, the following calculation can be made;
1.5 x average year discharge x throughput factor x bum up factor x cooling factor =
1.5 x 276 x 730/274.67 x 2 x 30 = 6.6E+04MBq.

Note: The average cooling of Thorp fuel to date has been 14-15 years whereas reference case 
Thorp fuel (flowsheet) is 5 year cooled.

Subsequently, as part of BNFL’s assessment of the potential impact of the EA’s proposals for 
limiting discharges of Ru-106 from the Thorp and WVP stacks, available customer information for 
the spent fuel contracted to be reprocessed as part of the Thorp baseload has been closely 
examined. This assessment gave a future “worst case” annual fuel cooling mix for Thorp HAL, 
based on the average cooling of all the assemblies in a customer campaign, of about 10 years at the 
time it is likely to be processed, and confirmed that the “worst case” average Thorp fuel ‘bum-up’ 
of such a mix corresponded to about double the average ‘bum-up’ of the Thorp HAL processed to 
date. It should be noted that this assessment used only baseload fuel information and it is 
reasonable to expect that Thorp’s post-baseload fuel will generally be less than 10 years cooled, 
when the HAL is processed in WVP and closer to 5 years cooled when processed in Thorp.

The most significant factor which influences the inventory of Ru-106 in the HA liquid waste 
processed in WVP, and hence prospective discharges, is the average cooling of the material to be 
processed. Future feeds of Magnox generated HA liquid wastes at WVP, although of much lower 
‘bum-up’, are likely to be significantly less cooled than this average 10 years cooling assumption 
for the Thorp component. It is likely to be less than 5 years cooled on average and possibly as low 
as 2 years cooled. FISPIN data shows that 5 year cooled Magnox fuel contains about twice as 
much Ru-106 as 10 year cooled oxide fuel even though the latter is of a much higher ‘bum-up’. If
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the Magnox material is 2 years cooled on average, then the Ru-106 inventory will be about 1J  
times higher than for the oxide fuel.

I
Hence, the cooling assumptions which underpin BNFL’s Business Requirement site aerial 
discharge limit for Ru-106 must be considered as being reasonable. However, BNFL recognises 
that their resultant Business Requirement limit is significantly higher than the EA’s current sitfl 
limit. "

Part of the reason for this must be due to the fact that, to date, all Thorp stack Ru-106 dischargB 
measurements and most WVP stack measurements have been recorded as being based on ‘LOD 
analytical results, which will over-estimate prospective discharges based on historical discharge 
performance data. However, it should also be appreciated that some measured discharges at t h l  
WVP stack (excluding those measurements between November 1997 and March 1998, in order to 
avoid including any discharges which could be related to the WVP Ru-106 event), have bee* 
recorded for the main ventilation stream (cell vent) based on ‘real’ analytical results. It is a l s |  
currently not possible to ascertain how close the reported discharges are to becoming the ‘true’ 
measured discharge value (those based solely on ‘real’ analytical measurements), from the limite 
plant operating experience to date in processing higher ‘bum-up’ and particularly shorter coole 
fuels.

It is BNFL’s view that there is currently no technical or potential health risk based justification f j j  
the EA to reduce further the site limit for aerial discharges of Ru-106 as a consequence of the 
current Authorisations review. g

It is also important to note that the methodology adopted by the EA to derive their proposed site 
aerial discharge limit of 14 GBq/yr for Ru-106 is flawed and this will be challenged by BNFL i l  
its response as part of the consultation on the Explanatory Document. ■
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BNFL is also concerned that the proposed limits for C-14, 1-131, Cs-137, Pu(alpha) and T o t#  
alpha are insufficient to allow full operation of WVP. Further discussions are required betweell 
BNFL and EA to resolve the outstanding issues associated with setting appropriate limits for these 
discharges. |1MEP Stack
As identified in the letter of 6 June (reference EA/01/1898/02), BNFL believes that the propos 
limit for Total beta discharges from MEP is inadequate.

B38 Extension 3 —
BNFL is concerned that there is insufficient headroom in the proposed limits for discharges of C #  
137 and Total beta from B38 third extension. It is not yet clear whether the reasons for these are 
connected, though BNFL has previously stated what it believes to be required in both instances, u  
the letter of 6 June (reference EA/01/1898/02). |

The Business Requirement figures for B38 third extension are based on the maximum operating 
level values multiplied by 1.25. This is based on the assumption that BNFL would operate up t o |  
maximum of 80% of the limit.
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B30 Stacks
BNFL is concerned that the proposed limit for Total beta discharges from B30 stacks does not 
include sufficient margin, allowing for the factors detailed above. BNFL does not believe it is 
sensible, for this reason, to risk constraining waste retrieval and decommissioning operations 
which will, in due course, result in a net improvement in safety and environmental performance of 
the Sellafield site.

B38 Extensions 1 and 2
Retrieving historic waste, and subsequent processing to produce a passive wasteform suitable for 
long term storage, will effect a significant risk and hazard reduction. It is therefore imperative that 
the waste retrieval operations are not constrained by inappropriately restrictive discharge limits. 
These concerns apply to the EA's proposed limits for Sr-90, Cs-137 and Total beta.

BNFL Business Requirement figures are based on an authorisation compliance margin of 1.25 and 
inclusion of the general considerations.

FHP Stack
A review of the original FHP data, as supplied in the Part A report, has been carried out. This took 
into account extra data from 2000 and 2001. Due to the increase in pond water activity associated 
with the fuel which has been stored in the pond over recent months, the discharges of several 
nuclides from FHP are expected to increase, despite the application of BPM.

The FHP stack Business Requirement figures are based on the 99% confidence level o f rolling 12 
months discharge figures for 1994 to 2001. The increase above the original figures, as supplied in 
the Part A report, is due to increase in pond water activity as a result of Magnox fuel which 
releases more activity than has previously been the case. An authorisation compliance margin o f 
1.25 and a margin for reduced operation flexibility of 1.2 have been applied to the Sr-90, Cs-137 
and Total beta discharges.

All remaining isotopes are limits of detection (LOD) discharges and therefore an additional factor, 
corresponding to LOD sampling variability margin of 1.2 has been applied, i.e. a justified total 
factor of 1.8.

The figures calculated based on the above, have then been multiplied to take account o f the general 
considerations.

SIXEP Stack
The SIXEP stack Business Requirement figures are based on the 99% confidence level o f rolling 
12 months discharge figures for 1994 to 2001. The increase above the original figures, as supplied 
in the Part A report, is due to increase in pond water activity as a result of Magnox fuel which 
releases more activity than has previously been the case, and also because of associated container 
purging. *

Compared to the original figures submitted in the Part A report, beta-emitting discharges increased 
by a factor of 4.5 based pro-rata upon predicted increase in total beta input to SIXEP from feeds 
from new plants and retrieval projects (i.e. current feed of 8.4 TBq/year predicted to increase to 
39.2 TBq/year) and a factor of 1.25 to allow for an operating authorisation compliance margin.
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i
Alpha isotopes increased by a factor of 2 based upon -20% of the predicted increase in total alpha 
input to SIXEP from new feeds from new plants and retrieval projects (i.e. current feed of o .o l  
TBq/year predicted to increase to 0.6 TBq/year) and a factor of 1.25 to allow for an authorisation 
compliance margin.

The figures calculated based on the above, have then been multiplied to take account of the generaP 
considerations. ^

MBGWS Stack -
The maximum operating level discharges for MBGWS stack are derived from measurej 
discharges during the period 1994 to 1998 using a 99% confidence level value. It should be noted 
that historically the measured discharges showed no correlation with flask throughput number* 
However, the proportion of waste items from POCO and decommissioning of redundarj 
processing plants will significantly increase within the Authorisations review period. It is therefore 
expected that this will present an increased challenge to the ventilation systems and may result ifl 
enhanced aerial discharges. The maximum operating level case estimates were based on a perio® 
when the majority of items treated in MBGWS were from normally operating plants and very little 
from POCO or decommissioning. g

On the basis, acceptable limit values are based on 2x the maximum operating level rather than the 
1.25x normally adopted for other operational plants.
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BTC Stack |
The multiplying factors used to derive the Business Requirement figures are 1.25 and 1.P 
multiplied by the original maximum operating level figures. The factor supporting the use of 1.2 is 
to account for statistical variation in analytical results and therefore applies not only to detectioB 
limits. ■

ISHF Stack I
The original maximum operating level values were based on 2 times design flowsheet values, 
should be noted that currently the design for SEF is under review and hence the discharges ma 
change significantly. Acceptable limits therefore include an additional factor and are based on 
times design flowsheet because of this potential fundamental change.

BEP Process Building Stack ^
As a result of subsequent quality assurance and peer review of the predicted data submitted in t h l  
Part A report, it has been determined that the stack flowrates for BEP were underestimated. Use oF 
appropriate stack flowrates in the calculations has resulted in BEP maximum operating level a e r i^  
discharge predictions altering. In particular, this is affected by LOD-related factors, causing afl 
increase to the predicted reported discharges. BEP predicted ‘actual’ discharges are based on 
project flowsheets and not on historic discharges. Several of the flowsheet maximum operating 
level discharge predictions are below the LOD using typical analytical techniques. It is importanj 
that the discharge predictions used for limit setting are representative, allowing for the LOD-based 
reporting system.

i
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BEP maximum operating level values have been multiplied by 1.25 as part of the process to 
calculate Business Requirement limits, to allow for an authorisation compliance margin.

The figures calculated based on the above, have then been multiplied to take account of the general 
considerations.

BEP Product Store TBEPPS) Stack
As a result of subsequent quality assurance and peer review of the predicted data submitted in the 
Part A report, it has been determined that the stack flowrates for BEPPS were underestimated. Use 
of appropriate stack flowrates in the calculations has resulted in BEPPS maximum operating level 
aerial discharge predictions altering. In particular, this is affected by LOD-related factors, causing 
an increase to the predicted reported discharges. BEPPS predicted ‘actual’ discharges are based on 
project flowsheets and not on historic discharges. Several of the flowsheet maximum operating 
level discharge predictions are below the LOD using typical analytical techniques. It is important 
that the discharge predictions used for limit setting are representative, allowing for the LOD-based 
reporting system.

BEPPS maximum operating level values have been multiplied by 1.25 as part of the process to 
calculate Business Requirement limits, to allow for an operating authorisation compliance margin.

The figures calculated based on the above, have then been multiplied to take account of the general 
considerations.

Calder Hall
Although BNFL believes it can justify Business Requirement figures for C-14, S-35 and Ar-41 
which are higher than existing limits, BNFL is not applying for limit increases and is therefore 
constrained by existing limits in these cases. The existing limits for these discharges are justified 
by application of an allowance, to take account of the general considerations as described at the 
start of this letter, to the maximum operating figures originally supplied to the EA in the Part A 
report. Any reduction to the existing limits for these discharges could result in constraints to the 
operation of the Calder Hall reactors.

For H-3, the maximum operating discharge prediction, as supplied in the Part A report, has been 
multiplied by a factor of 1.25 to allow for Authorisation compliance. The general considerations, 
as described at the start of this letter, have then been taken into account and a factor o f 1.33 has 
been applied to mitigate against these risks.

For Total beta discharges, only a factor for the general considerations has been applied to the 
maximum operating discharge prediction, since a preliminary assessment of future discharges 
indicates that this should be sufficient to allow the reactors to be operated unconstrained by a limit 
based on this figure.

BNFL believes that a specific limit for Co-60 discharges from Calder Hall is not justified, since 
Total beta sampling will incorporate a contribution from this nuclide, and removal of this reporting 
requirement will ensure consistency with the other Magnox reactors.
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I
Thorp Stack I
BNFL's maximum operating level values, as reported in the Part A report, have subsequently been 
amended to correct for an error in the Thorp fuel bum-up and cooling scaling factors for financial 
year 2008/09 and changes to accountancy procedures for H-3 and C-14. The EA have beerF 
informed of these changes (letter 31 May 2001, reference EA/01/1840/03).

For H-3 and 1-129 BNFL maximum operating level projections are higher than the current limit. In 
these cases, BNFL has accepted that the current limits provide the acceptable limits for Schedule 
discharges, since BNFL is not seeking any increased limits. This is despite the risk to the businesl 
that this decision may represent.

The lowest acceptable limit for C-14 includes a margin of 25% above the revised maximunjj 
operating level projection instead of the 50% recommended in the Thorp discharge prediction 
methodology paper provided to the EA following the meeting to discuss this issue on 26 M a«  
2000. This is because some of the C-14 bubbler sampling uncertainties have been removed by thi]  
updated value.

Except where stated to the contrary, BNFL’s Business Requirement limits incorporate a s ta n d a j  
margin of 25% above the BNFL maximum operating level projection for volatile species and a 
higher margin (100%) for particulates as justified in the Thorp methodology paper and subsequent 
correspondence with the EA. I

Significant headroom exists between the BNFL maximum operating level projection and peafl| 
historical rolling 12 month Ru-106 discharges, which is justified by consideration of the averagl 
cooling of the fuel processed to date compared to the anticipated cooling of future fuels.

BNFL’s Total beta maximum operating level value is calculated from the individual particulatJ 
radionuclide projections using beta-5 counting efficiency data and so reflects the significant 
headroom necessary to cover the uncertainty associated with estimating Ru-106 future discharge! 
until further experience is gained from the processing of higher bum-up and shorter cooled fuels iJP 
Thorp. The Business Requirement limit for Total beta corresponds to a huge percentage reduction 
in the current Schedule 5 limit, and BNFL believes that any further reduction is not justifiable s i  
the present time. •

The initial BNFL Authorisation Review (Part A) submission did not include data for 1-131 (sincl 
there was no existing limit), but the peak rolling 12 month (maximum operating level) projection 
has been forwarded and justified to the EA. The Business Requirement limit value shown 
incorporates the standard operating margin of 25%. I

For Pu-241, both the BNFL (Part A) maximum operating level value and the EA's Proposed L im ^ 
are inadequate. The reasons for this have been communicated to the EA. They are linked to t h l  
fact that Pu-241 discharges are reported as zero if they are associated with LOD measurements. 
The revised Pu-241 maximum operating level discharge projection of 21MBq/year has bee^ 
calculated based on calendar year 1997 monthly discharges with a factor of 2 applied to include a l  
allowance for uncertainty. However, an alternate assessment indicates that this may not be 
adequate to cover the uncertainty, which exists due to the limited experience in processing fuofc 
close to the Thorp reference parameters. The acceptable limit value for Pu-241 was thereforj 
calculated based on 1.25 * Maximum Year Discharge (Pu-alpha) * 21 (the factor of 21 was 
derived from an examination of Pu-241 and Pu-alpha discharges in streams and during periodj
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when both measurements were consistently associated with ’real' analytical results). The result still 
corresponds to a huge reduction in the current Schedule 5 limit.

Aerial Site Limits
It is not possible for BNFL to properly comment on the proposed site aerial limits until the details 
of the implementation document have been clarified. This is because it is still unclear which 
effluent streams will form part of the accountancy arrangements, hence in several cases BNFL 
cannot state with authority what constitutes a suitable limit. Business Requirement figures for site 
discharges were provided to EA in June 2001, and the locations at which sampling is not 
anticipated to take place were identified. The EA's Explanatory Document however clearly 
indicates that additional discharges would be included in calculating site aerial discharges, hence 
the Business Requirement figures for site discharges need to be revisited and clarified. This cannot 
be addressed without further discussions with the EA, and BNFL therefore believes it is 
inappropriate for EA to suggest any limits until this essential supporting information issue has 
been resolved.

Yours sincerely,

RG Morley,
Manager, Discharges Strategy Group,
Site Environment, Health, Safety & Quality.

Copied to: Regulatory Liaison Office, B113
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FILE

British Nuclear Fuels pic

Sellafield
Seascale
Cumbria CA20 IPG 
Tel: 019467 28333 
Fax: 019467 28987

Dr M Emptage 
Environment Agency 
Ghyll Mount 
Gillan Way
Penrith 40 Business Park
Penrith
Cumbria i

Direct tel: 019467 74600 
Direct fax: 019467 74797 
e-mail:

Your ref.

Our ref: EA/01/25 32/02

3 December 2001

Dear Dr Emptage

Comments on the Environment Agency’s Methodology for the Setting of Limits as Detailed 
in the Explanatory Document

Further to my letter of 16 November 2001, in which explanation was provided to justify BNFL’s 
“Business Requirements” for limits, we have compiled a set of comments on the Agency’s 
proposed methodology for limits, at both the site and plant levels.

These comments are backed up by worked examples of why we consider the methodology to 
inappropriate, leading to limits being set which would be incompatible with delivery o f BNFL’s 
declared work programmes.

We would welcome further discussion with you on the contents of this letter at our routine 
meetings, if necessary in a similar vein to the recent explanatory meetings you have had with our 
Thorp and Magnox Reprocessing operating unit representatives.

Yours sincerely -

Manager, Environmental Discharges Strategy
Site EHS&Q Group
B407/1
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Comments Regarding the Agency’s Approach in Determining Plant and Site Discharge 
Limits as Defined in the Explanatory Document

3

Introduction
BNFL has reviewed the Agency's proposed methodology and limits for aerial and liquid 
discharges, as detailed in their Explanatory Document (ED), and has identified several 
fundamental concerns about the Agency's proposals, which are explained in more detail below. 
In summary, BNFL’s concern is that the proposed aerial and liquid discharge limits will result 
in operational problems on the Sellafield site, such that waste management and clean up 
operations are likely to be delayed and commercial operations could be made economically 
non-viable. Therefore, the implementation of the Agency’s proposals, as detailed in the ED, 
could result in an early application by BNFL for variations to the Authorisation.

BNFL's concerns are discussed briefly in the main body of this response, with specific 
examples and greater detail contained in the Appendices. BNFL would like to discuss these 
issues further with Agency, where necessary, to resolve outstanding issues and ensure that any 
limits which are set allow the safe and effective management of the Sellafield site.

Chronology
BNFL believes it is of benefit to first outline the chronology of the discussions which have 
taken place between BNFL and the Agency regarding future discharges from the site and the 
setting of limits. This helps to put into context the different phases of the discussions and 
explain why the Agency's proposals are of concern to BNFL.

o BNFL provided Agency with predicted discharges data for 2000 to 2008 inclusive, in 
February 2000, as requested. At that time, BNFL also stated that no limit increases would 
be sought, despite some existing risk to operations in keeping to some of the current limits.

• The Agency asked numerous questions relating to discharge predictions, and BNFL 
responded by providing extensive amounts of extra information and held several meetings 
with the Agency during 2000 to further explain prediction methodologies and prospective 
discharge figures.

• In January/February 2001, the Agency informally made BNFL aware of their initial 
thoughts relating to the setting of discharge limits in the next Authorisation. Up to this 
point, BNFL had not been involved in any discussions with the Agency on limit-setting 
methodologies or on any proposals for actual limits, concentrating simply on predicted 
discharges.

• Throughout early 2001, BNFL representatives continued to meet with the Agency to 
provide even more information and explanations relating to predicted future discharges.
This was generally undertaken on a plant by plant basis. There was insufficient opportunity 
for BNFL to discuss and gain an understanding of the Agency’s proposals on a site basis 
and hence consider their potential implications.

• BNFL and the Agency discussed limits in detail for the first time in April/May 2001, when 
BNFL expressed their.concern about the methodology which the Agency were tentatively
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proposing. BNFL then provided the Agency with a set of draft "Business Requirement" 
figures, explaining that these figures corresponded to limits which BNFL believed should 
not restrict planned operations and work programmes on the Sellafield site. These were 
prepared on an extremely short timescale in response to the perceived threat which the 
Agency’s proposals presented, whilst BNFL were still trying to understand the full 
implications of the Agency's complex methodology on Sellafield site operations.

• Throughout 2001, during the informal discussions with BNFL, the Agency revised both 
their methodology and the proposed limits, making assessment of the potential implications 
difficult.

• It appears that the Agency have accepted some of the additional information provided by 
BNFL in the period January to June 2001, and responded accordingly, whilst not taking 
account o f other information. It is not absolutely clear to BNFL which aspects of the 
additional information provided has been accepted by the Agency, which rejected, and the 
reasons why. BNFL accepts that in some cases, Agency had insufficient time to properly 
consider all the information provided by BNFL before producing the ED.

• The Agency produced their ED in late July 2001. This contains additional information 
relating to limits and limit-setting methodology, which had not previously been seen by, or 
discussed with, BNFL.

As can been seen from the above chronology, one of the major difficulties which BNFL have 
experienced during this Authorisation review process is that there has been insufficient time to 
properly assess the implications of the Agency's proposals for the operation of the Sellafield 
site. The following comments are forwarded as an illustration of BNFL’s concerns regarding 
the Agency’s proposals. It is hoped that the Agency will receive these as constructive 
comments aimed at helping to derive a way forward which can be collectively endorsed. 
Recognising that the Agency’s proposals are quite extensive, these comments should not be 
regarded as exhaustive, but simply reflect that which has been possible in the time available.

Consideration of the Agency’s Criteria for Setting Limits
From a BNFL viewpoint discharge limits should be set to ensure discharges are controlled 
within safe levels and to facilitate improved environmental performance.

The Agency's limit-setting methodology is based on a range of criteria and checks, including:

• “The dose to the most exposed group from the established ‘worst case’ site discharges 
exceeds 1 micro-sievert per year". The Agency accepts that where doses are below this 
level "the radiological consequences are minimal and below regulatory concern."

• “The collective dose (world-wide truncated at 500 years) from the established ‘worst case’ 
site discharges exceeds 0.1 man Sievert per year of discharge”. The Agency believes doses 
below this level to be "trivial", meaning that "they are already optimal because the cost of 
performing optimisation analysis may in itself outweigh the cost savings in terms of a 
future potential reduction in health detriment."

These criteria seem reasonable, broadly reflecting DETR Guidance to the Agency (DETR draft 
UK Strategy for Radioactive Discharges 2001 -  2020) as well as Government policy on the
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management of radioactive waste (Cm 2919). (Implementation of the guidance is not simple 
due to the complexity of the site, especially with the number of radionuclides involved and the 
number of locations at which sampling is required)

In practice, it is impractical to apply the critical group requirement to site aerial discharges, 
because the dose impact is determined by the effective height of the stack involved (see below). 
Therefore it is difficult to regulate site aerial discharges on the basis of critical group dose.
However, using this critical group dose criteria alone, BNFL calculations of potential dose 
uptake for individual plant aerial and liquid discharges at the proposed limits indicate that 
approximately 32 radionuclide specific discharges should be regulated by the use of limits 
(compared to the Agency's proposals for over 100 plant limits).

Looking at collective doses, the Agency have justified the figure of 0.1 man sieverts on the 
basis of IAEA advice, quoting that the IAEA regard a collective dose of 1 man Sievert to be 
trivial in this context. However, applying this criteria (again based on BNFL dose assessment 
methodology) to the proposed aerial and liquid plant limits would suggest that specific plant 
limits are required in just over 20 cases. Of these, just 11 are in addition to the 32 above for 
critical group doses.

Clearly this questions the need for significantly more than half the proposed limits, which have 
been set based on the introduction of additional criteria, such as “discharges > 1 GBq”.

A further point worth noting, specifically related to aerial discharges, is that, based on the 
above criteria, only 7 stacks would be regulated by limits, as compared with the Agency's 
proposals for setting limits for 15 different stacks.

The conflict between criteria is obvious in the case of aerial discharges above lGBq compared 
to the dose based criteria mentioned above; for example, the proposed limit for tritium at B230 
stack. These discharges are greater than the Agency's arbitrary figure of 1 GBq, and 
consequently a limit has been proposed. This is despite the fact that a discharge at the limit 
would result in a (BNFL calculated) potential critical group dose of 0.00002 microSv, and 
collective dose of just 0.0000055manSv.

Not only are these doses clearly insignificant in terms of the Agency’s environmental criteria 
above, but there is also no existing abatement in place in B230 to reduce this discharge.
Additionally, this discharge arises almost exclusively from analytical procedures - many being 
an integral part of the Authorisation as defined by the Agency. Therefore, the only obvious way 
to reduce these discharges would be to cease some of these analyses, hence causing BNFL to 
be in breach of another component of the Authorisation.

BNFL understand that progressive reductions in discharges are required, and this needs to be 
encouraged by sensible regulation to generate environmental improvements which will help to 
develop confidence in radioactive discharge regulation. In the draft Statutory Guidance to the 
Agency, the principle of “progressive reductions” takes primacy over other considerations apart 
from safety. BNFL are of the opinion that the application of the lGBq arbitrary criteria for 
setting aerial discharge limits is inappropriate and should be re-considered (since it bears no 
relationship to environmental harm or safety risk). The Agency are aware that there are many 
plant discharges above this quantity limit which result in extremely small doses to the critical 
group and hence the risk from them is minute. The fact that the Agency are proposing 
requirements on BNFL to sample, analyse and report against these quantity limits actually
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means that Health Physics and Safety, Analytical, Operational and Support staff will, to some 
extent, be distracted from more important safety related tasks. For example, work to reduce 
high dose impact discharges may be delayed to ensure BNFL can report against all the 
proposed new limits, which, in many cases, will have insignificant impact on humans and the 
environment.

Applying these quantity limits gives those outside the industry the view that any discharges 
above these limits must be unsafe. This is clearly not true and as such could easily generate 
public outrage, even if no prosecution is made. The Agency’s aim, “to protect and improve the 
environment, taking account of social and economic needs and allowing effective use of their 
own and BNFL resources”, should be a fundamental consideration in the Authorisations review 
process. This is part of a holistic approach, which is becoming increasingly recognised-within 
the consideration o f discharge improvement initiatives at BNFL. Use o f energy and natural 
resources, which generate further impacts on the environment (e.g. global warming ), need to 
be considered within discharge reduction initiatives where the radiological impact is already 
very low.

In summary, BNFL’s view is that the Agency’s use of criteria for setting limits has been 
complex and has generated proposals for many limits for which it admits "the radiological 
consequences are minimal and below regulatory concern." This will result in confusion for both 
the operator and the public and will hinder the use of ‘Best Practicable Means’ by diverting 
managerial and operator focus from continuous improvement o f the environmental and safety 
performance in order to ensure compliance.

The Agency approach to limit setting seems to be based on inconsistent criteria which BNFL 
believe could lead to an increased environmental impact from the site and BNFL therefore 
recommends that these criteria are reviewed taking a more holistic view of environmental 
performance.
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Consideration of the Agency’s proposed limits in terms of routine historic discharge levels
The Agency's proposals for both plant and site discharge limits have been reviewed by BNFL 
in the context of routine historic discharge levels which are the result of normal operations on 
the Sellafield site. The review covered the period January 1994 to August 2001 and considered 
the observed variation in cumulative discharges over a rolling 12 month period as this is the 
basis for the Agency’s proposed limits. BNFL was then able to consider whether it was 
reasonable to take the view that similar plant and/or site discharge levels will be expected in the 
future, noting that historic discharge levels are not always a true reflection of the future.

Such a simple assessment is particularly important for streams and measurement periods where 
the contribution from Thorp reprocessing is either minor or non-existent (e.g., prior to Thorp 
start-up). Where, this is not the case, the operational factors discussed in the next section need 
also to be taken into account.

This comparison also allowed BNFL to consider the potential implications of the individual 
plant limits being proposed by the Agency, which was particularly important where limits are 
on radionuclides for which that plant has no means of achieving abatement. In such cases, the 
amount discharged depends solely on the inventory of the particular radionuclide in the feed 
waste stream, which is outside of that plant’s control.

Other aspects considered in examining the spreadsheets of historical discharge levels was the 
contribution to the site discharge total from measurements for those plants (or stacks) which the 
Agency are not proposing to set a limit and whether such discharges are associated with ‘real’ 
or ‘LOD’ sample results. These considerations are important because, as the Agency are not 
indicating that BNFL can stop accounting for discharges from such sources, it is the 
contribution from these sources and the proposed site discharge limit which will dictate the 
‘effective’ limit available to the plants (or stacks). These ‘effective’ limits can then be 
considered in terms of the routine historic discharge levels together with changes to any o f the 
‘operational factors’ discussed in the next section.

This has proved quite involved and time consuming to do, but can give a useful benchmark on 
which to judge the appropriateness of the Agency’s proposals in terms being able to satisfy the 
operational and work programme requirements of the Sellafield site. Whether the Agency have 
done something similar prior to issuing the Explanatory Document is unclear, though BNFL 
believes this to be a worthwhile exercise.

The examples given and concerns discussed below represent part of the output from this 
benchmarking exercise.

The Agency’s consideration of the factors which influence discharges
Historic discharge levels are not always a true reflection of future discharges. BNFL is 
therefore pleased that the Agency have accepted the principle that future Thorp radionuclide 
discharges (as well as corresponding discharges from downstream plants) should be calculated 
by taking account of key differences in ‘operational factors’ between that of the fuel (or waste 
stream) processed in the selected measurement period compared to that to be processed in 
future. These ‘operational factors’ are plant throughput rates, the extent to which the various 
spent fuels processed through Thorp had been ‘bumt-up’ whilst in a nuclear reactor and the
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subsequent period of ‘cooling’ the waste has experienced prior to being processed in the plant.
For Magnox fuel, plant throughput rates and fuel cooling can also be important considerations 
in determining prospective discharges, although Magnox has a much lower and limited range of 
‘bum-up * than Thorp fuel. The Agency have also indicated in Appendix 7 of the Explanatory 
Document that their methodology for determining individual plant (or stack) limits includes an 
allowance for increased post operational clean-out and decommissioning work and an 
allowance (where applicable) for new plant discharges.

However, another factor which influences how much of a particular radionuclide is contained 
within the inventory of waste processed, and hence discharges, is its radioactive ‘half-life’.
This does not appear to be mentioned in the Explanatory Document as an important factor in 
the Agency’s limit setting approach. Examples are given below which illustrate that radioactive 
‘half-life’ should be a significant influence when considering “operational headroom” within 
the determination of appropriate plant and site limits for the shorter ‘half-life’ radionuclides, 
such as Zr-95, Nb-95, Ru-106, Sb-125, Cs-134 and Ce-144, because of their extreme sensitivity 
to differences in cooling.

The Agency’s approach to “operational headroom”
The Agency have made it quite clear within the Explanatory Document that one of their aims in 
carrying out the review of the Sellafield authorisations is to "minimise operational headroom 
when setting limits, but at the same time recognising that limits should be set at a level that 
allows management flexibility in plant operations and BNFL business needs” (para A7.23). In 
this context, the Agency have clearly stated that limits should "enable spent fuel reprocessing 
and associated operations to continue” and "enable BNFL to continue the treatment o f the 
legacy o f  stored liquid wastes and thereby to reduce the hazard and potential risk from such 
wastes ” (para 4.2).

At various points in the Explanatory Document, the Agency have made numerous statements 
involving “headroom” which can give the impression of an inconsistent or confused 
understanding of what this actually means. However, in paragraph A7.15, the Agency indicate 
“headroom” to mean "the margin between actual level o f discharges expected during normal 
operation and discharge limits The key features to note here being the application to ‘normal 
operation* and the use o f the word ‘expected’. This definition demonstrates that headroom is 
clearly not simply the difference between historical measured discharges (excluding incidents 
or periods of abnormal operation) and discharge limits. BNFL endorses this definition, as it 
requires due consideration to be given to sound technical or scientifically based arguments 
which underpin prospective discharges and the determination of plant and site discharge limits.

However, BNFL do not believe that this has been achieved by application of the Agency’s 
methodology “choosing the lowest value” for plant limits and then incorporating additional 
‘scale-down factors’ which further reduce headroom at a site level. The minimisation of 
headroom at a site level has also been further compounded by the Agency not carrying forward 
any of the “operational headroom” (given at a plant level) into calculation of the site discharge 
limits.

BNFL are particularly concerned by such an approach because, since it is the site discharge 
limits which ultimately dictate the ‘effective plant limits’, then the application of an 
inappropriate site limit setting methodology (one which is not supported by a thorough
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consideration of all available technical information) can lead to limits being placed on 
individual plants which will constrain BNFL’s future work programmes.

Another example of the Agency’s apparent determination to restrict ‘operational headroom* is 
the methodology they have employed to review the throughput related discharge limits. As a 
consequence, as well as reducing some of the current limits, and introducing new ones, the 
Agency are proposing that such limits are regulated in the future based on rolling 12 month 
cumulative plant throughputs rather than on the current calendar year basis. In the Explanatory 
Document (para A7.57), it is stated that "the Agency considers that regulatory control would 
be strengthened" by doing this.

BNFL is disappointed that the Agency did not share their methodology and proposals for the 
reduced throughput limits with BNFL and request consideration of the potential implications 
prior to publication of the Explanatory Document. Evidence is therefore provided in this 
response which demonstrates that the combination of the methodology used to determine limit 
values and the proposal to move to a rolling 12 month basis for such limits will result in a 
significantly increased threat to Thorp’s reprocessing business.

Constraints imposed by the Agency’s methodology for determining site discharge limits
The Agency have indicated in their Explanatory Document (para A7.38) that they are generally 
prepared to accept BNFL’s arguments for additional operating margins in the range 25-100% 
when determining appropriate plant limits based on the assessment o f maximum future (“worst 
case”) discharges over any rolling 12 month period. However, the Agency make it clear that 
they have not taken account of these additional margins when proposing new site discharge 
limits. BNFL considers this aspect of the Agency’s methodology needs to be reviewed since it 
can result in the ‘effective limit’ or ‘available allocation’ for a contributory plant being less 
than what is required for that plant to be able to sustain optimum throughput rates or fulfil its 
agreed work programmes.

In some situations, where the Agency have accepted the technical justifications provided by 
BNFL and used the appropriate ‘operational factors’ (same factors as used by BNFL) to 
determine prospective discharges of a particular radionuclide at maximum plant throughput 
rates (“worst case” discharges), there can still be a significant difference between the BNFL 
estimate and the “Agency assessed value”. This difference was identified by BNFL as being 
primarily due to the fact that the Agency’s approach in calculating their “assessed value” 
incorporates a ‘multiplication factor* of 1.5, whereas in some cases BNFL’s calculated “worst 
case” discharges did not. This was because the Agency had requested BNFL to clearly identify 
and provide justification for any margins which were included within their “worst case” 
discharge estimates, but did not explain to BNFL that the Agency themselves would be 
adopting an approach which included a generic margin of 1.5 in their calculation of “worst 
case” discharges (so, generically, BNFL should have done the same). Because of this lack of 
clarity (no clear principles and criteria discussed with BNFL representatives before requiring 
them to undertake the Authorisations review data assessment process), some of BNFL’s “worst 
case” discharge estimates should not be regarded as being indicative of plant limit requirements 
unless an appropriate amount of ‘operational headroom’ is incorporated.

BNFL wrote to the Agency in October 2000 providing details of the methodologies employed 
by each plant to deduce their “best estimate” and “worst case” future discharges which included 
an explanation of the issue of headroom together with a significant amount o f justification for
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the margins recommended. Further information was provided in April 2001 to assist the 
Agency in their assessment of what is an appropriate amount of headroom to allow above the 
“worst case” plant discharge estimates. This information, which was provided in two separate 
letters (one covering aerial discharge issues and the other marine discharges), included 
recommendations and justifications for the incorporation of‘operational headroom’ to be 
applied to specific radionuclides on a plant basis in the range 25 -  100%. The incorporation of 
the minimum margin of 25% was justified on the basis that it is impracticable to operate plants 
on the Sellafield site close to any legally binding limit (say not more than 80% of a limit) for a 
number o f reasons which have been accepted by the Agency.

The Agency’s site limit setting approach chooses the lowest value between the BNFL “worst 
case” discharge estimate and the Agency “assessed value” (unless this is greater than the 
current plant limit when the latter is chosen) and carries this value forward in the calculation of 
the site limit. If  the value carried forward for a particular plant is the BNFL “worst case” 
estimate which doesn’t include a ‘multiplication factor’ of 1.5 (or incorporate an operating 
margin o f at least 25%), the simple example shown in Table 3 of Appendix 1 demonstrates that 
the Agency’s site limit setting methodology can prevent such plants from sustaining their 
optimum throughput rates. With the reduced flexibility inherent in the fact that discharges 
against authorised limits are currently accounted for on a rolling 12 month basis rather than by 
calendar year?, the fact that the main production plants are operated as an integrated system 
with the downstream waste treatment plants on the Sellafield site, the inevitability of the need 
for plants to recover from unplanned shutdowns, all mean that it is likely that the main 
contributory plants will need to achieve their maximum throughput rates at the same time.

The Agency’s plant and site limit setting methodologies, as applied to aerial Ru-106 
discharges, is discussed in detail in Appendix 1. This illustrates that the Agency’s statements in 
the Explanatory Document o f “allowing an operating margin o f 100%” when setting the plant 
limits for Thorp and WVP is misleading and ineffective as it is the site discharge limit which 
has the potential to constrain the integrated operation of both Thorp and WVP. Proposing plant 
discharge limits for Thorp and WVP, as in the case of aerial Ru-106 discharges, which both 
equal the proposed site limit, appears to suggest a misunderstanding over the integrated nature 
o f operations on the'Sellafield site and the concerns of the UK HSE regarding the storage of 
HA liquid wastes pending vitrification. Both Thorp and WVP are likely to simultaneously 
require their optimum throughput related discharge allocations in order to fulfil agreed work 
programmes and recover from unplanned outages.

An example o f a case in which the Agency seem to have not taken account of BNFL's predicted 
discharge figures, without providing BNFL with an adequate explanation prior to release of the 
ED, is provided in Appendix 2. This may also prove to be a case in which the Agency's 
conservative limit setting methodology leads to serious restrictions on the operation of the 
Magnox reprocessing plant.

Examples of how the Agency’s limit setting approach could restrict operations on the Sellafield 
site are also apparent from an analysis of the spreadsheet comparative information compiled 
based on routine historical marine discharge levels. Some of these relate to where limits are 
being proposed against discharges which are independent of plant operations and are discussed 
in Appendix 3.
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Requirement for specification of accountancy points
BNFL has had difficulty assessing the appropriateness of many of the Agency's proposed site 
limits, because it is still unclear which sampling locations will be regarded as accountancy (ie 
which discharges will contribute towards the site total). This information is absolutely vital if 
BNFL are to be able to assess the appropriateness of site limits, since without it, no meaningful 
assessment of whether sufficient headroom has been granted will be possible. BNFL therefore 
welcomes further discussions with Agency on this issue, especially if  this will result in 
principles and criteria to aid such decision making in the future.

The integrated nature of the Sellafield site
Many of the discharge points and effluent treatment plants on the Sellafield site are fed by 
multiple steams from a range of different sources. In the case of liquid discharges, this ensures 
that effluents can be routed to large, optimised treatment complexes which have been 
specifically designed to provide high decontamination factors for particular radionuclides. This 
approach is key in minimising environmental impact and in minimising waste associated with 
ongoing operations and decommissioning. In the case of aerial discharges, this approach 
enables the various effluent streams to be treated by the same piece o f  abatement equipment, 
again reducing the waste produced. In the case of aerial discharges, this also allows various 
effluent streams to be discharged through a high stack, thus minimising the doses, associated 
with the discharge.

Taking this into account, it is possible that by setting an inappropriately low limit for a 
discharge from, for example, SIXEP, this could impact on the operation of many different 
plants and processes on the site. SIXEP has feeds from a range of sludges, POCO operations, 
washes, drains, pond purges and sludge supemates (from B27, B31, B39 and B310). In 
addition, SIXEP receives feeds from FHP and B30. It can be seen from this, that a single 
inappropriately low limit, set against a single radionuclide at SIXEP, could result in problems 
maintaining the safety and planning decommissioning operations of a range of plants.

The integrated nature of the liquid effluent treatment systems is discussed in more detail in 
Appendix 8, showing how inadequate limits could potentially have a large impact on the 
management and operation of the facilities on the Sellafield site. Agency and BNFL clearly do 
not want operations to be unnecessarily constrained, therefore BNFL would welcome further 
discussions with Agency to explore more fully the implications of the proposed limits on 
management of the site.

Comments on the application of aerial site limits
Another example where BNFL advises careful consideration, in terms of limit setting to reduce 
environmental impact, is in the application of aerial site limits. The Agency has hinted that it is 
keen to move towards Site limits as the principal control over site discharges and the proposed 
authorisation demonstrates this commitment. Although moving to aerial site limits theoretically 
simplifies regulation, it is actually contrary to the main objective of discharge regulation, which 
is to minimise environmental impact and promote environmental improvement.
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Aerial discharges can be released from a variety of different stacks at Sellafield. These stacks 
have different effective heights, which is directly related to the environmental impact resulting 
from the discharge. Site limits do not necessarily discourage discharges from low stacks and 
there are scenarios in which the Agency’s proposed methodology may actually encourage 
BNFL to discharge material from low stacks rather than high stacks. This has the potential to 
increase the environmental impact associated with any release and actively discourages the use 
o f BPM.

BNFL has historically invested significant resources into modelling the impact of discharges 
and designing effective stacks to minimise environmental impact. The imposition of 
inappropriate site limits could diminish the efficacy of existing arrangements and affect priority 
on this type o f work in the future.

The future challenges of decommissioning
BNFL are concerned that any resulting new or varied authorisation may not recognise the 
future challenges o f decommissioning and may effectively prohibit them. For instance, one 
proposal currently being discussed is a Plasma based waste treatment plant which will reduce 
the hazard associated with specific wastes, and enable better decontamination of plant by 
treating more aggressive decontaminants. Whilst reducing the hazards this plant (as any new 
activity or plant) will result in increased discharges. There are other challenges such as from 
dismantling activities to plant ventilation systems, especially during the scabbling of concrete, 
decontamination activities, liquors from cutting operations etc. Whilst all these activities will 
be subject to BPM and BPEO assessment, the implications for discharges is as yet unclear.

The importance of ‘half-life’ considerations in establishing appropriate headroom within 
cooling factors for the shorter ‘half-life’ radionuclides
When establishing plant and site limits for the shorter half-life radionuclides, in particular Zr- 
95/Nb-95, Ru-106, Sb-125, Cs-134 and Ce-144, due consideration needs to be given to the 
impact o f variation in the cooling of the material likely to be processed in future years 
compared to that related to the material processed to date. This is because inventory levels for 
these species exhibit an extreme sensitivity to differences in cooling which generally 
overshadows the influence o f fuel ‘bum-up’.

Consideration of radioactive ‘half-life’ and the significant implications of differences in fuel 
cooling for short half life species does not appear to be mentioned in the Explanatory 
Document as an important factor in the Agency’s plant limit setting approach. Consequently, 
the Agency’s methodology for establishing site limits does not seem to have taken this into 
consideration when reviewing such allowances justified by BNFL at a plant level. This issue 
is discussed in greater depth, and with specific examples, in Appendix 4 and also used to 
support BNFL’s headroom requirements for site aerial Ru-106 discharges in Appendix 1.

These examples illustrate why BNFL is concerned that the Agency’s plant and site limit setting 
approach does not adequately consider this issue when deciding on appropriate “operational 
headroom” for these shorter ‘half-life’ radionuclides. This has potential implications on 
BNFL’s ability to satisfy both its commitments to customers and the UK HSE.
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The further restriction of operating headroom through proposals to reduce discharge 
limits based on cumulative plant throughputs whilst introducing requirements to comply 
over rolling 12 month periods
The methodology adopted by the Agency to review the current reduced throughput discharge 
limits, and introduce new ones, is based on its decision of what constitutes an appropriate full 
throughput limit for a particular plant. If the annual plant discharge limit proposed by the 
Agency for a particular radionuclide effectively caps production to something less than BNFL’s 
maximum plant throughput requirements, then the methodology adopted simply transfers the 
effect of this capping to the lower plant throughputs. The consequential risk to BNFL’s work 
programmes is then compounded by the Agency’s proposal to align the reduced throughput 
limits to cumulative plant throughputs over a rolling 12 month period rather than basing them 
on the calendar year throughputs.

Also, the Agency’s reduced throughput limit setting methodology does not appear to take 
account of BNFL’s minimum ‘operating headroom’ requirement for any limit, which is due to 
a number of factors (as previously explained by BNFL) including the fact that it can be 4 — 6 
weeks following sampling before certified analytical results are available to confirm a monthly 
discharge measurement.

A reduced throughput limit which is based on cumulative production statistics compiled on a 
calendar year basis allows BNFL more flexibility in the management and processing of higher 
impact waste materials. However, with limits based on throughputs over a rolling 12 month 
period, it is possible that the ‘applicable limit’ can fall back to the nearest lower value as a 
consequence of reduced (or zero) production being achieved in a subsequent month - future 
production cannot be guaranteed. This phenomenon means that, unless an appropriate 
‘operating headroom’ is incorporated within the limit setting methodology employed, then the 
result could be either a threat to BNFL’s work programmes or the risk of inadvertently 
breaching a discharge limit. This cannot happen if such limits are based on calendar years.

It is also not clear whether the Agency’s approach, for all streams, has taken appropriate 
account of historical measured discharges as reported for those periods which have been linked 
to either zero or ‘close to zero’ plant throughputs. The Agency do not appear to have asked for 
BNFL’s view on the amount of headroom necessary to accommodate potential non-throughput 
related discharge contributions for individual radionuclides.

The Agency’s proposals, as stated in the Explanatory Document, for limiting discharges of 
tritium and iodine-129 from the Thorp stack, based on uranium throughput statistics [t(U)]} are 
discussed in Appendix 5 as an illustration of the above concerns. The Agency's proposals for 
throughput-related limits for C-14 discharges, resulting from reprocessing of Magnox fuel in 
B205, are similarly restrictive. Discussions have been held between BNFL and Agency to 
discuss this issue and BNFL have agreed to provide Agency with recent discharge data to better 
enable an assessment of the implications of the proposed limits.

Operational headroom and the influence of ‘LOD’ analytical results
BNFL considers it inappropriate to set limits on discharges which are routinely so low as to be 
at the ‘limit of detection’ (LOD) and are not expected to significantly increase in the future.
Formal reporting procedures mean that these apparent discharge levels, as reported to Agency, 
will invariably be gross overestimates of the true discharges, which have a trivial effect, both
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individually and cumulatively. BNFL does however accept the need to periodically measure 
many o f these "apparent" discharges and report any significant variation.

The Agency’s limit-setting methodology does not recognise this issue, the result being that 
several limits have been proposed against discharges which are routinely not "real". This can 
be particularly problematic in situations in which aerial flow-rates or discharged liquor volumes 
increase. These measures may be necessary to ensure the safety of the workforce or to employ 
BPM, yet the effect of such increases could be to breach limits, despite the fact that no "reaT 
discharges have ever been measured at the location in question. This issue is exemplified by 
particulate discharges from Thorp stack, which are routinely at LOD, yet numerous limits have 
been proposed by the EA to restrict these discharges.

As a result o f the Agency’s methodology, site limits could be particularly at risk as a result of 
including routine accountancy sampling requirements at locations for which the discharge 
measurements reflect ‘LOD’ sample results. The addition of these overestimated discharges in 
the total site discharge calculations clearly puts further pressure on the Company, and necessary 
increases in discharge volumes could inadvertently result in breaches of limits, despite there . 
being no increase in the actual discharges of the radionuclides.

BNFL are concerned that some of the plant and site limits being proposed by the Agency 
incorporate insufficient headroom to allow for the influence of measured discharge values 
being based on ‘LOD’ sample results. This concern is not just where the discharge 
measurements are routinely reported as ‘LOD’, it includes the variability in ‘LOD’ sample 
results and the potential implications of occasional results being reported as ‘LOD’.

This is exemplified by the issue discussed in Appendix 6 which demonstrates that the Agency’s 
plant limit setting methodology does not provide sufficient headroom to take account of the 
variation in reported discharges which can occur due to the influence of occasional ‘LOD’ 
analytical results associated with a higher than normal ‘range of uncertainty ’ (ROU) when the 
sample measurements are being performed in the laboratory.

The influence o f variation in the ROU associated with the sample measurements used to report 
‘LOD’ discharge values has been highlighted to the Agency, but their limit setting 
methodology does not seem to have taken this into account (this is clear in examples such as 
presented in appendix 6). BNFL is concerned that such higher than previous ROU values may 
be a reflection of the demand which is now being placed on BNFL’s analytical resources, a 
demand which can only increase further as a result of the Agency’s proposals in the 
Explanatory Document.

Summary
BNFL has identified several areas of concern relating to the Agency's proposed limit setting 
methodology. These are explored in more detail in the specific examples detailed in the 
following Appendices. As has previously been stated, the attached examples are not exhaustive, 
since BNFL have not had sufficient time to fully explore the implications of the Agency's 
proposals, as detailed in the ED. It is hoped however that the attached examples will provide a 
starting point to resolve the issues which have arisen and encourage further dialogue between 
the Agency and BNFL work together to agree an optimum structure for the Sellafield 
authorisation/discharge limits.
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Appendix 1: Comments Regarding BNFL’s Business Requirements for Ru-106 Discharges at 
the Thorp and WVP Stacks and the Inadequacy of the Agency’s Current 
Proposals for a Site Ru-106 Limit of only 14 GBq/yr.

Operational headroom and the influence of radioactive ‘half-life’
The Agency have made it quite clear within the Explanatory Document that one of their aims in 
carrying out the review of the Sellafield authorisations is to "minimise operational headroom when 
setting limits, but at the same time recognising that limits should be set at a level that allows 
management flexibility in plant operations and BNFL business needs " (para A7.23). In this context, 
the Agency have clearly stated that limits should "enable spent fuel reprocessing and associated 
operations to continue " and "enable BNFL to continue the treatment of the legacy o f stored liquid 
wastes and thereby to reduce the hazard and potential risk from such wastes " (para 4.2).

In paragraph A7.15, the Agency indicate ‘headroom’ to mean “the margin between actual level o f 
discharges expected during normal operation and discharge limits The key features to note here being 
the application to ‘normal operation’ and the use of the word ‘expected*. This definition demonstrates 
that headroom is not simply the difference between historical measured discharges (excluding incidents 
or periods of abnormal operation) and discharge limits. BNFL endorses this definition, as it requires 
due consideration to be given to sound technical or scientifically based arguments which underpin 
prospective discharges and the determination of plant and site discharge limits.

This is an important point to remember when considering the appropriate plant and site limits to be set 
for discharges of those radionuclides with shorter ‘half-lives’ (say less than a few years) because of their 
extreme sensitivity to differences in fuel cooling (see earlier section). In such cases, for discharges 
directly from Thorp (and discharges from those downstream plants which treat Thorp wastes, 
particularly where these contribute significantly to its total discharge from that facility), headroom 
above historical discharges should appear large because historical discharges have been mainly 
associated with the processing of fuel which is significantly longer cooled than that which is scheduled 
to be reprocessed in the future.

Ru-106 has a radioactive *half-life’ of about 1 year and its extreme sensitivity to differences in fuel 
cooling is illustrated in Figure 1. This sensitivity is also compared to the impact of differences in fuel 
‘bum-up' in Table 1. This table also illustrates that the combined “Thorp fuel bum-up and cooling 
scaling factors” generated from FISPIN data, and provided to the Agency within the Thorp discharge 
prediction methodology paper, equate to the product of a “fuel bum-up scaling factor” and a “fuel 
cooling scaling factor”, the latter being determined by application of the radioactivity decay equation.

In the Thorp methodology paper, BNFL have provided, explained the derivation of, and justified the 
appropriate ‘operational factors’ to be used by the Agency in their audit calculations for the main Thorp 
discharge streams. In the case of ‘bum-up’ and ‘cooling’, these effects were combined in a single 
factor derived using FISPIN fuel inventory data. In other correspondence, and through various 
discussion meetings directly between plant representatives and the Agency, BNFL have provided 
additional guidance and clearly explained the most appropriate technically justified methodology to 
apply in calculating future discharges from Thorp and certain downstream plants, which takes full 
account of Thorp’s future spent fuel reprocessing programme. BNFL have attempted to make it 
absolutely clear in all these communications that the correct Thorp ‘fuel bum-up and cooling scaling 
factor’ to apply in the calculation of “worst case” Ru-106 discharges is 51.481.
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The importance of fuel cooling considerations in establishing appropriate headroom for the 
shorter ‘half-life’ radionuclides
As part of BNFL’s assessment of the potential impact of the Agency’s proposals for limiting discharges 
of Ru-106 from the Thorp and WVP stacks, available customer information for the spent fuel contracted 
to be reprocessed as part of the Thorp baseload has been examined. The assessment looked at both the 
average and “worst case” fuel bum-up and cooling information for each customer campaign processed 
to date and those campaigns yet to be processed, based on current agreements with Thorp’s customers.
In terms of fuel cooling, data is available on the average of all the ‘minimum cooled assemblies’ which 
make up each customer fuel campaign as well as data on the average cooling of all the assemblies. To 
ensure business flexibility without introducing unnecessary headroom, the assessment of the customer 
campaign data involved normalising all the cooling information for future campaigns to specific 
reference dates (such as January 2004, January 2005 etc) and then sorting this to reflect approximately 
1200 tonnes of a roughly equal mix of AGR, BWR and PWR fuel, also taking into account a reasonable 
degree of flexibility around the current planned reprocessing dates and a minimum cooling requirement 
of 5 years. The assessment gave a future “worst case” annual fuel cooling mix, based on the average 
cooling of all the assemblies in a customer campaign, of about 10 years at the time it is likely to be 
reprocessed. This compares with an actual average cooling of about 15 years for the batches of fuel 
processed in Thorp in the period January 1997 to December 1999 (based on FISPIN data).

The assessment also confirmed that such a “worst case” annual fuel cooling mix corresponded to about 
double the average ‘bum-up’ of the fuels actually processed in this period. Table 1 clearly shows the 
impact of doubling the average fuel ‘bum-up’ for a 5 year ‘difference in cooling’ on the Ru-106 
inventory as a scaling factor of just under 70. This assessment used only baseload fuel information and 
it is reasonable to expect that Thorp’s post-baseload fuel will generally be less than 10 years cooled 
when the HAL is processed in WVP and closer to 5 years cooled when processed in Thorp. Although a 
‘factor of 51.481 ’ for Ru-106 may appear large, it represents a realistic “worst case” scenario, 
corresponding to an assumed difference in average fuel cooling of 4 -  5 years between the actual fuel 
processed in the measurement period and that likely to be processed in the future in any realistic “worst 
case” rolling 12 month period (see Figure 2). The Agency should note that Thorp was approved to 
process spent fuel after a 5 year cooling period and had Thorp used this as the basis for their prospective 
discharges, then the correct scaling factor to use for Ru-106 would be that which equates to a “cooling 
difference” of 9 -  10 years, resulting in a headroom of approximately 3 orders of magnitude (Table 1). 
Hence, the use of a Thorp fiiel bum-up & cooling scaling factor of 51.481 for Ru-106 is clearly justified 
and, in doing so, BNFL are accepting an element of'business risk' (refer also to the next paragraph).

It should also be pointed out that the Agency have stated, in support of their methodology, that the 
approach taken by them to predict aerial discharges from WVP used ,4the same burn-up /  cooling 
factors that have been applied when proposing Thorp discharge limits ”, and subsequently stated that 
"this approach may over-estimate future discharges from WVP as the plant processes highly active 
waste derived from both Magnox and oxide fuels “ (para A7.160). This statement implies that the 
Agency believes that lower arisings of Ru-106 will come from processing future Magnox material than 
from processing the Thorp HAL. This seems to be a misunderstanding, as cooling is the most significant 
factor for Ru-106 and the Magnox HA waste is likely to be significantly less cooled than say 5 years 
(perhaps about 2 years). Table 2 (based on FISPIN data) shows that 5 GWd/t(U) ‘bum-up \  5 year 
cooled Magnox fuel contains about twice as much Ru-106 as 40 GWd/t(U) ‘bum-up’, 10 year cooled 
oxide fuel; if the Magnox material is 2 years cooled on average, then the Ru-106 inventory will be 
about 15 times higher.
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II-

Constralnts imposed by the Agency’s methodology for determining site discharge limits
The Agency have indicated in their Explanatory Document (para A7.38) that they are generally 
prepared to accept BNFL’s arguments for additional operating margins in the range 25-100% when 
determining appropriate plant limits based on the assessment of maximum future (“worst case”) 
discharges over any rolling 12 month period. However, the Agency make it clear that they have not 
taken account of these additional margins when proposing new site discharge limits. BNFL considers 
this aspect of the Agency’s methodology needs to be reviewed since it can result in the ‘effective limit’ 
or ‘available allocation’ for a contributory plant being less than what is required for that plant to be able 
to sustain optimum throughput rates or fulfil its agreed work programmes.

In some situations, where the Agency have accepted the technical justifications provided by BNFL and 
used the appropriate ‘operational factors’ (same factors as used by BNFL) to determine prospective" 
discharges of a particular radionuclide at maximum plant throughput rates (“worst case” discharges), 
there can still be a significant difference between the BNFL estimate and the “Agency assessed value”. 
This difference was identified by BNFL as being primarily due to the fact that the Agency’s approach in 
calculating their “assessed value” incorporates a ‘multiplication factor’ of 1.5, whereas in some cases 
BNFL’s calculated “worst case” discharges did not. This was because the Agency had requested BNFL 
to clearly identify and provide justification for any margins which were included within their “worst 
case” discharge estimates, but did not explain to BNFL that the Agency themselves would be adopting 
an approach which included a generic margin of 1.5 in their calculation of “worst case” discharges (so 
BNFL should have generically done the same). Because of this lack of clarity (no clear principles and 
criteria discussed with BNFL representatives before requiring them to undertake the Authorisations 
review data assessment process), some of BNFL’s “worst case” discharge estimates should not be 
regarded as being indicative of plant limit requirements unless an appropriate amount of ‘operational 
headroom’ is incorporated.

BNFL have written to the Agency providing details of the methodologies employed by each plant to 
deduce their “best estimate” and “worst case” future discharges which included an explanation of the 
issue of headroom together with a significant amount of justification for the margins recommended. 
Further information was provided in April 2001 to assist the Agency in their assessment of what is an 
appropriate amount of headroom to allow above the “worst case” plant discharge estimates. This 
information, which was provided in two separate letters (one covering aerial discharge issues and the 
other marine discharges), included recommendations and justifications for the incorporation of 
‘operational headroom’ to be applied to specific radionuclides on a plant basis in the range 25 -  100%. 
The incorporation of a minimum margin of 25% was justified on the basis that it is impracticable to 
operate plants on the Sellafield site close to any legally binding limit (say not more than 80% of a limit).

The Agency’s site limit setting approach chooses the lowest value between the BNFL “worst case” 
discharge estimate and the Agency “assessed value” (unless this is greater than the current plant limit 
when the latter is chosen) and carries this value forward in the calculation of the site limit.
Furthermore, the methodology employed can actually result in a site limit which is significantly less 
than the sum of the individual “worst case” discharge estimates for the main contributory plants. If the 
value carried forward for a particular plant is the BNFL “worst case” estimate which doesn’t include a 
‘multiplication factor’ of 1.5 (or incorporate an operating margin of at least 25%), the simple example in 
Table 3 demonstrates that the Agency’s site limit setting methodology can prevent such plants from 
sustaining their optimum throughput rates. With the reduced flexibility inherent in the fact that 
discharges against authorised,limits are currently accounted for on a rolling 12 month basis rather than 
by calendar years, the fact that the main production plants are operated as an integrated system with the 
downstream waste treatment plants on the Sellafield site, the inevitability of the need for plants to 
recover from unplanned shutdowns, all mean that it is likely that the main contributory plants will need 
to achieve their maximum throughput rates at the same time.
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The scenario depicted in Table 3 must be a distinct possibility and the Agency’s assumption, which 
underpins their generic site limit setting methodology, that the main contributory plants will not be 
operating simultaneously at their maximum production rates (and so will not need their “worst case” 
discharge allocation) must be questionable, especially when this is compounded by the Agency’s 
decision not to cany forward even a minimum individual plant ‘operating margin’ of 25%.

The Agency’s plant and site limit setting methodologies, as applied to aerial Ru-106 discharges, is 
illustrated in Table 4. Clearly, the Agency’s stated "application of an operating margin of 100%” when 
setting the plant limits for Thoip and WVP is rather misleading, as it is the site limit which is 
constraining the integrated operation of both Thorp and WVP. Proposing plant discharge limits for 
Thorp and WVP which both equal the proposed site limit, appears to suggest a misunderstanding 
regarding the integrated nature of operations on the Sellafield site and the concerns of the UK HSE 
regarding the storage of HA liquid wastes pending vitrification. Both Thorp and WVP are likely to 
simultaneously require their optimum throughput related discharge allocation in order to fulfil agreed 
work programmes and recover from unplanned outages.

It is important to note that the methodology currently adopted to determine the “Agency assessed value” 
for maximum prospective discharges of Ru-106 at both the Thorp and WVP stacks (shown in Tables 5) 
is being challenged by BNFL, as it is flawed and consequently invalid (see later comments). For the 
Agency not to carry forward at least part, if not all, of the 100% “operating margin” (which they have 
assessed as being appropriate at a plant level) in determining the site aerial Ru-106 discharge limit, 
further increases the consequential risk to BNFL’s future work programmes.

The Agency’s use of the Thorp Ru-106 “model adjustment factor”
From some of the Agency’s statements in Appendix 7 of the Explanatory Document regarding aerial 
discharges from Thorp and WVP, there is clearly a need for further clarification on a key issue relating 
to their current methodology for predicting future discharges of Ru-106. The ED suggests that the 
Agency have not considered advice and guidance provided to them by BNFL regarding the application 
of what was termed a “model adjustment factor” for Ru-106 of 0.14 in the Thorp methodology paper.
This ‘model adjustment factor’, together with those for Cs-134 and Ce-144, was derived solely for 
application to Thorp’s liquid effluent discharges to the marine environment. BNFL’s position is that 
such an ‘adjustment factor’ is not applicable to aerial discharges from the Thorp and WVP stacks for the 
reasons given in BNFL’s letter of 31st May 2001 (ref. EA/01/1840/03) and from the further clarification 
given below.

Firstly, one needs to understand the methodology used to calculate these ‘adjustment factors’, which 
was fully explained in the Thorp discharge prediction methodology paper. This approach is 
underpinned for Thorp’s marine discharges by the fact that Cs-137 measurements were predominantly 
‘real’ whereas those of the shorter ‘half-life’ species were mostly ‘LOD’. The derivation of the 
‘adjustment factors’, which involved ‘normalisation to Cs-137’, and their application was therefore an 
attempt to ‘correct’ the measured discharges of the shorter ‘half-life’ species to try and compensate for 
the fact that recorded discharges based on the measured ‘LOD’ values could be significantly greater 
than the true value. That is, it should result in the scaled ‘LOD* based projections for the shorter ‘half- 
life* species becoming more aligned to those for ‘real* measurements. This or a similar approach is not 
possible for aerial discharges of Ru-106 from the Thorp stack because there is no appropriate 
radionuclide in this stream for which measurements have been recorded based on ‘real* analytical 
results.

Also, it must be stressed that the cooling bias of +3 yrs used in the derivation of these ‘adjustment 
factors’ relates to a comparison of the weighted mean cooling of all the batches of fuel processed in the 
period 1997-1998 with that based on the application of the fuel categorisation assumptions used in the 
Authorisations review discharge projection model for the same period. It does not imply that a +3 yrs 
cooling bias exists throughout the model. Indeed, BNFL believe that the fuel categorisation 
assumptions as used in the Thorp discharge projection model for later years are appropriate to give a
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realistic indication of future discharges at maximum plant throughput rates, in line with its agreed future 
work programmes.

Various statements made by the Agency, however, seem to indicate that they are under the impression 
that it is “the Thorp fuel bum-up & cooling factor for Ru-106 (as stated in Table 4 of the Thorp 
discharge prediction methodology paper) which needs to be adjusted for a cooling bias of +3 yrs” and 
that “such a +3 yrs cooling bias applies for all future years”. Neither of these statements is true.
However, BNFL’s letter of the 9 April 2001 (EA/01/1195/03) unfortunately did include a table 
depicting the application of the ‘adjustment factors’ which contained the heading “adjusted Thorp fuel 
bum-up & cooling scaling factors”. The information was provided in this format because the Agency 
made a specific request for BNFL to clarify the application of the ‘model adjustment factors’ in this 
way, even though BNFL stressed at the time that it must not be interpreted as an actual “adjustment of 
the fuel bum-up & cooling scaling factors”. As stated in the preceding paragraph, the marine discharge 
‘model adjustment factors’ were derived in an attempt to compensate for the fact that the measured 
‘LOD’ based discharge values could be significantly greater than the true discharge values and hence 
result in an over-estimate of prospective discharges when based on historical plant discharge 
performance.

Another factor is that an important assumption underpinning the derivation of the ‘adjustment factor’ 
values for these shorter ‘half-life* species is that they move through the integrated processing stages in a 
similar manner to the path taken by Cs-137 (the species for which ‘real’ discharge measurements were 
recorded). That is, they have the same chemistry, so that the distribution ‘fingerprint’ for these species 
in each of the Thorp marine discharge streams can be regarded as being essentially the same as the 
distribution ‘fingerprint’ within the Thorp fuel source inventory in the dissolver, after normalising for 
the effect of cooling. In other words, any observed differences solely reflect the ‘effect of cooling* and 
are not due to differences in chemical properties between each of these species, or as a consequence of 
particular processing stages downstream of the Thorp dissolver, such as ‘the management of Thorp 
HAL’. The blending or collection of Thorp HAL in HALES and subsequent processing through WVP 
must completely change this ‘fingerprint’, so the application of an ‘adjustment factor’ of 0.14 within the 
Agency’s aerial Ru-106 discharge, prediction methodology for WVP has to be inappropriate and 
unjustified.

It should also be noted that, in order to meet the required timescale for submitting BNFL’s Part A future 
discharge projections (about 6 working weeks), there was very little time to assess the full implications 
of the ‘LOD* based discharge measurements recorded for Thorp DOG and LAE liquid effluents and the 
sensitivity of the shorter ‘half-life* species to variations in the cooling of the Thorp fuel to be processed 
in future years. The validity of this underpinning nuclide distribution assumption gave cause for 
concern in respect of Thorp’s marine discharge streams, so it was quickly ‘tested’ to some extent by 
comparing the results for each radionuclide with design flowsheet predicted discharge information.
Note, the reason the application of ‘adjustment factors’ was considered in the first instance was that the 
initial projections of “worst case” future discharges of these shorter ‘half-life’ species for the Thorp 
DOG and LAE streams, based on plant measurements to date, were generally very significantly higher 
than design flowsheet projections. Hence, such projections were considered to be inappropriate for the 
Authorisations review due to the limited experience in the processing of fuel close to the Thorp 
reference case parameters of 40GWd/t(U) ‘bum-up ’ and 5 years cooling. The alternative option of 
quoting design flowsheet values for the shorter ‘half-life’ species in these streams was considered at the 
time, but it was believed that the Agency would not accept such a proposal, as the Thorp plant had been 
operating for about 5 years and the expectation would be that this time period should be enough to base 
future discharges on historical performance data. Although some significant variance from design 
flowsheet values remained apparent for the individual Thorp marine discharge streams, after application 
of these derived ‘adjustment factor* values, the total discharge to the marine environment directly from 
Thorp was much closer to the overall design flowsheet values, so it was decided to apply the 
‘adjustment factor’ values generically within the methodology used to calculate the maximum projected 
(any year) discharges for the Thorp DOG and LAE marine discharge streams.
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Reasons have been given above and in BNFL’s letter of the 9th April 2001 (ref, EA/01/1840/03) as to 
why the application of an ‘adjustment factor’ of 0.14 within the methodology for predicting aerial 
discharges of Ru-106 at the Thorp and WVP stacks is not appropriate. In addition, for the Thorp stack, 
the application of such a factor would give a maximum rolling 12 month “worst case” predicted 
discharge which is only 20% of the design flowsheet value of 24 GBq/yr. This outcome together with 
doubts about the validity of the nuclide distribution assumption which underpins the method of 
derivation of the ‘model adjustment factors’ (and the fact that there is no appropriate radionuclide in this 
stream for which measurements have been recorded based on ‘real’ analytical results) provide strong 
reasons why it cannot be justifiable to apply the factor of 0.14 in the calculation of “worst case” 
discharges of Ru-106 at the Thorp stack. It must be even less justifiable to apply such a factor, as the 
Agency have done, in the calculation of worst case prospective discharges of Ru-106 at the WVP stack, 
because the underpinning nuclide distribution assumption is invalid due to the consequence of the way 
Thorp HAL is managed in HALES and subsequently processed in WVP.

BNFL’s views on prospective atmospheric discharges of Ru-106 at the Thorp and WVP stacks
The uncertainty regarding predictions of future atmospheric discharges of Ru-106 at the Thorp and 
WVP stacks (and so the requirement for appreciable headroom above historic discharge levels) is due to 
the extreme sensitivity of Ru-106 fuel inventory levels to variations in fuel cooling and the fact that it is 
currently not possible to ascertain how close the reported discharges (based mostly on ‘LOD’ analytical 
measurements) are to becoming the ‘true’ measured discharge value (those based on ‘real’ analytical 
measurements), from the limited plant operating experience in processing significant quantities of 
higher bum-up and particularly shorter cooled fuels.

To date, all Thorp stack Ru-106 discharge measurements have been recorded as being based on ‘LOD’ 
analytical results whilst some measured discharges at the WVP stack (excluding those measurements 
between November 1997 and March 1998, in order to avoid including any discharges which could be 
related to the WVP Ru-106 incident) have been recorded for the main ventilation stream (cell vent) 
based on ‘real’ analytical results. A small campaign (about 48 tonnes) of 40GWd/t(U) bum-up, 8 year 
cooled PWR fuel was processed in Thorp during plant commissioning in 1996, but the HAL from this 
fuel has yet to be processed through WVP. An assessment of aerial Ru-106 discharges at the Thorp 
stack during this campaign supports BNFL’s conclusion that the Agency’s proposed site aerial Ru-106 
discharge limit of only 14 GBq/yr does not incorporate sufficient headroom to avoid a significant risk of 
limiting future waste processing throughputs in both Thorp and WVP, and cannot be justified in terms 
of any perceived benefit to human health from the small amount of public radiation dose saved (less 
than 0.2 microSv/yr). The risk to an average individual of contacting a fatal cancer from an exposure to 
the radiation associated with aerial Ru-106 discharges at the current and Agency proposed site limits 
can be shown (based on information provided by the Agency within the Explanatory Document) to 
reduce from 1 in 75 million to 1 in 221 million). At face value, this appears to be a significant change, 
but one which is on a risk which is already negligible compared to the risks which are readily accepted 
as a facet of modem life. BNFL are surprised that the Agency feel that such a doubtful benefit is 
justified considering the potential change in overall risk if this action later proves to threaten BNFL’s 
ability to meet the Sellafield site work programme commitments which are seen as a priority by the UK 
HSE.

Until further plant operating experience can be gained from the processing of shorter cooled and higher 
bum-up fuels in Thorp, BNFL believes that its ‘best estimate’ of future discharges of Ru-106 at the 
Thorp stack, over any rolling 12 month period when 1200 t(U) of fuel is processed, is represented by the 
design flowsheet discharge value of 24 GBq/yr. This level of Ru-106 discharges at the Thorp stack was 
used to support the start-up and commissioning of the plant at the 1993 Judicial Review and equates to a 
dose impact of < 0.04 microSv/yr and a corresponding fatal cancer risk to an average individual of 1 in 
531 million. These values are significantly lower than the corresponding radiation dose 
(0.09 microSv/yr) & potential health risk (1 in 221 million) calculated based on the Agency’s proposed 
Ru-106 site limit of 14 GBq/yr, due to the effect of ventilation stack height. This .difference provides 
an illustration of the non-scientific nature of the Agency’s approach for establishing site Becquerel
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limits as the focus for measuring future aerial discharge performance, which in turn could mislead the 
public who will consider such limits as being justifiable to ensure safety. The actual dose (and hence 
potential health risk) associated with site aerial discharges depends on the precise contribution from 
each discharge point, its effective stack height, and so needs to be summed from individual stack 
calculations. It can therefore vary significantly for a particular site Becquerel discharge.

Regarding projections of future discharges of Ru-106 at the Thorp and WVP stacks, for the reasons 
stated above, it is inappropriate for the Agency to apply an ‘adjustment factor’ of 0.14 in their 
calculation of “worst case” prospective discharges. Table 5 shows the impact of not applying such an 
‘adjustment factor’ within the Agency’s calculation of “worst case” aerial discharges for both Thorp and 
WVP, using the appropriate ‘Thorp fuel bum-up & cooling scaling factor’ for Ru-106. It should be 
noted that the values obtained (shown in Table 5 under the heading “Modified Approach”) do not 
include any ‘operational headroom’ provided by applying the Agency’s ‘multiplication factor’ of 1.5, so 
an indication of the corresponding site limit is given simply as the sum of these two contributions. This 
supports BNFL’s ‘business requirement’ limit for site aerial Ru-106 discharges and is 33% higher than 
the current site limit of 56 GBq/yr which was established by the Agency’s RSA93 discharge 
authorisation variation which came into effect as from January 2000, but is 22% lower than the effective 
site limit indicated by the sum of the previous Schedule 1, 2 and 5 limits (1, 45 and 50 GBq/yr 
respectively).

This recent reduction in the effective site limit for aerial discharges of Ru-106 was instigated by the 
Agency without any thorough supporting assessments being undertaken by BNFL, particularly in the 
context of the likelihood in the future of processing shorter cooled and higher bum-up liquid wastes in 
WVP. In so doing, the Agency chose to reduce the Schedule 2 Ru-106 limit from 45 GBq/yr to 20 
GBq/yr, so providing a maximum public radiation dose saving of < 0.3 microSv/yr and a reduction in 
the potential health risk from such discharges from 1 in 41 million to 1 in 92 million. The Agency’s 
methodology used to justify this reduction in the Schedule 2 Ru-106 limit was simplistic and not 
underpinned by sound and thorough technical arguments, so it is not surprising to BNFL to find that the 
WVP “worst case” discharge estimate (as shown under the heading “Modified Approach” in Table 5) is 
almost twice the current Schedule 2 limit.

Unlike for the Thorp stack, some measured discharges (excluding those measurements between 
November 1997 and March 1998, to avoid including discharges related to the WVP Ru-106 incident) 
have been recorded for the main ventilation stream (cell vent) based on ‘real’ analytical results.
Consequently, BNFL’s ‘best estimate’ of peak rolling 12 month Ru-106 discharges at the WVP stack, 
for a maximum plant throughput rate of 730 containers per year, has to be the same value as the 
modified Agency “worst case” calculated discharge value of 39.5 GBq/yr. Table 5 goes on to calculate 
a corresponding indicative site limit which, whether this is deduced as the sum of the Thorp and WVP 
‘best estimates’ or as 90% of the sum (as used by the Agency), is greater than the current site aerial Ru- 
106 discharge limit of 56 GBq/yr.

Table 5 also shows the “worst case” public radiation dose impact scenario associated with potential 
future atmospheric discharges of Ru-106 at the current site limit (calculated based on 39.5 GBq/yr Ru- 
106 being discharged from the WVP stack) as 0.46 microSv/yr. The risk to an average individual of 
contracting a fatal cancer from such a radiation exposure is 1 in 44 million, which is negligible 
compared with most other risks deemed an acceptable facet of modem life (Appendix 9 of the Agency’s 
Explanatory Document).

It must therefore be concluded that there is currently no technical or health risk based justification for 
the Agency to reduce further the site limit for aerial discharges of Ru-106, nor is there any scientific 
basis for the Agency to continue to limit such discharges from WVP to no more than the current 
Schedule 2 limit, especially if this proves in the future to limit the plant’s ability to process HA liquid 
wastes at a rate necessary to fulfil BNFL’s commitments to the UK HSE. Also, it must be stressed that, 
if the Agency do not consider the advice provided by BNFL on this issue and impose an aerial Ru-106 
site limit of only 14 GBq/yr, which is subsequently proven to provide inadequate operational headroom,
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the consequence would be that BNFL would not be able to fulfil its contractual obligations to customers 
and its commitments to the UK HSE. The potential risk consequence of such a scenario should be 
carefully considered in the context of the health risk arguments included by BNFL in this response.

It is also worth stating that the true value of prospective site discharges of Ru-106 to the atmosphere per 
unit of material processed, and hence any potential public radiation dose impact, will remain the same 
(based on the inventory of Ru-106 in the material processed), provided that the contributory plants 
continue to be operated within the principle of BPM. Such arisings are not influenced by the value set 
for authorised limits, which can, if set too low, simply restrict the amount of material able to be 
processed in any given period.

The basis for BNFL’s position on prospective site aerial Ru-106 discharges is that there cannot be any 
justification for reducing the site discharge limit beyond what can be supported by a logical approach 
underpinned by sound technical arguments based on the plant operating experience (nature of fuel 
processed) which has been possible to date in both Thorp and WVP, together with a realistic 
interpretation of future requirements.

Although the assessment presented here is based on available information associated with the 
processing of future Thorp HAL in WVP, the Agency are reminded of the statements made in an earlier 
paragraph regarding the likely cooling of future feeds of Magnox generated HA liquid wastes and the 
comparative FISPIN data presented in Table 2. The most significant factor which influences the 
inventory of Ru-106 in the HA liquid waste processed in WVP, and hence prospective discharges, is the 
average cooling of the material to be processed. Future feeds of Magnox generated HA liquid wastes at 
WVP, although of much lower bum-up, are likely to be significantly less cooled than the average 10 
years cooling assumption which underpins the WVP assessment shown in Table 5 (say less than 5 years 
on average and possibly as low as 2 years). Table 2 shows that 5 year cooled Magnox fuel contains 
about twice as much Ru-106 as 10 year cooled oxide fuel even though the latter is of a much higher 
bum-up; if the Magnox material is 2 years cooled on average, then the Ru-106 inventory will be about 
15 times higher than for the oxide fuel.

The implications of the Agency’s statements in para A7.160 of the Explanatory Document is that they 
are of the view that calculating prospective discharges of aerial Ru-106 from WVP using the Thorp fuel 
bum-up & cooling scaling factors (as shown in Table 5) "may over-estimate future discharges from 
WVP as the plant processes highly active waste derived from both Magnox and oxide fuels Clearly, 
this cannot be true. Consequently, the calculation which underpins the prospective WVP aerial Ru-106 
discharge estimate presented here, based on a maximum plant throughput of 730 containers in any 
rolling 12 month period, should be regarded as a realistic estimate in which BNFL are accepting an 
element of business risk. Therefore, it must be regarded by BNFL as posing an unjustifiable threat to 
its future work programmes for WVP for the Agency to reduce the site aerial discharge limit for Ru-106 
from its current level of 56 GBq/yr.

The Agency should also note that, although there remains uncertainty regarding the prediction of future 
discharges of Ru-106 at both the Thorp and WVP stacks, due to the limited experience possible to date 
in processing shorter cooled material, BNFL’s ‘best estimate’ of future discharges from WVP at 
maximum plant throughput rates is that they could exceed the current schedule 2 limit of 20 GBq/yr. If 
this is proven to be the case in the future, then the Agency should be prepared to accept this as the 
resultant increase in dose impact (and consequent health risk) has been shown to be negligible.
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Table 1: Im pact of Doubling the Average Burn-up from 18 to 36 GWd/t(U) 
for Various Differences in Average Cooling

Difference FISPIN ' Cooling FISPIN Ru-106 Combined WVP
in Cooling Burn-up Factor Activity Ratio . Factor Burn-up

(Years) Factor (Formula) (Combined Factor) BUF * CF Factor

0 2.21 1.00 2.21 2.21 2
1 2.21 1.99 4.40 4.39 2
2 2.21 3.95 8.75 8.74 2
3 2.21 7.86 17.4 17.4 2
4 2.21 15.6 34.6 34.5 2
5 2.21 31.1 68.8 68.6 2
6 2.21 61.7 137 136 2
7 2.21 123 272 271 2
8 2.21 244 541 539 2
9 2.21 485 1077 1072 2
10 2.21 964 2141 2131 2

Cooling Factor = 1 / exp(-x)t where t = 'cooling difference’ (yrs) 
Decay Constant {x) = - ln(0.5) / (half-life)

Ru-106 ’ha lf-life ’ “  1.009 yrs (368.2 days)

The scenario considered was the impact of doubling the fuel burn-up from an average of 
18 to 36 GWd/t(U) as this best represents the difference between the actual fuel processed 
(1997-99) and the average burn-up corresponding to a "worst case fuel cooling mix" for 
future blended Thorp HAL, based on customer information supplied for Baseload fuel only.

The "worst case fuel cooling mix" showed an average cooling of about 10 years compared to 
approximately 15 years for the Thorp HAL processed to December 1999.

It is reasonable to expect that Thorp's post*baseload fuel will generally be less than 10 years 
cooled when the HAL is processed in WVP (closer to 5 years cooled when processed in Thorp).

Consequently, an assumption of a "difference in cooling" of 5 years cannot be unreasonable 
when determining realistic "worst case" projected future discharges of Ru-106 based on our 
current knowledge and available technical information.

Table 2: Comparison of FISPIN Ru-106 Inventory Data for Reference
Thorp and Magnox Fuel

Fuel Burn-up Rating Cooling Ru-106 Inventory
Description [GWd/t(U)J [MW/t(U)] (years) [TBq/t(U)]

Magnox 5 2.3 0.49 
[180 days]

1019

5 2.3 2 361
5 2.3 5 46

Thorp 40 40 5 768
40 40 8 98

.40 40 10 25
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Table  3:
Im p a c t o f  th e  A g e n c y 's  S ite  L im it  S e ttin g  M e th o d o lo g y  - Exam ple  b a se d  on tw o  key 
p la n ts ,  A  & B , e a c h  c o n t r ib u t in g  the  sam e m a x im u m  th ro u g h p u t d is c h a rg e  va lu e

Site Plant A Plant B

Prospective discharges at maximum throughput rates
(no plant "operatiing margin")

50 50 GBq/yr

Site Limit [90% of (Plant A + Plant B) value] 90 GBq/yr

Note: It is the  s ite  lim it w h ich  d icta tes the effective individua l plant operating lim its

Deduction o f the minimum 'operating headroom' (25%) 72 GBq/yr

Allocation o f ’available limit' to Plants A and B (50:50) 
% of maximum throughput discharge requirement

36
72%

36
72%

GBq/yr

If operate plants to 100% of site limit (not possible) 
% of maximum throughput discharge requirement

45
90%

45
90%

GBq/yr

There fo re , the  A gency 's  s ite  lim it se tting  m ethodo logy makes it im possib le fo r  these plants 
s im u lta n e o u s ly  ach ieve th e ir  m axim um  th roughp u ts  in a rollling 12 m onth period .

to

If th e  s ite  l im it se ttin g  m e thodo lo gy  carried fo rw ard  the minimum p lan t 
o f 25% requested  by BNFL

Hoperating  m arg in"

Prospective discharges at maximum throughput rates 
(including a plant "operatiing margin” of 25%)

62.5 62.5 GBq/yr

Site Limit (90% of new (Plant A + Plant B) value] 112.5 GBq/yr

Deduction of the minimum 'operating headroom' (25%) 90 GBq/yr

Allocation of ’available limit' to plants A and B (50:50) 
% of maximum throughput discharge requirement

45
90%

45
90%

GBq/yr

Effective plant limits if operate to 89% of site limit 
% of maximum throughput discharge requirement

50.1
100%

50.1
100%

GBq/yr

If plants A & B are key facilities in the site’s integrated system and they need to be able to achieve 
their maximum production rates in order for BNFL to fulfil its contractual requirements & commitments 
to the UK HSE, then the Agency must ensure that a headroom of at least 25% above each plant's 
maximum throughput related discharge estimate is carried forward in their methodology for 
determining site discharge limits.
To do otherwise, cannot be acceptable especially as limits are based on rolling 12 month rather than 
calendar year periods.

The A gency 's  assum ption  th a t such plants are un like ly  to, o r will n o t need to , achieve th e ir  
m axim um  p lan t th ro u g h p u ts  s im u ltaneous ly  in any 12 m onth period is not va lid .
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T ab le  4:
The A g e n c y 's  P la n t & S ite  L im it S e tting  M e th o d o lo g y  as Illu s tra te d  by the 
A g e n c y 's  A s s e s s m e n t & L im it P ro p o sa ls  fo r  A e ria l Ru-106 D isch a rg e s

Site Thorp WVP

Agency's Proposed Site & Plant Limits 14 14 14 GBq/yr

Note: It is the s ite  lim it which dictates the effective individual plant operating lim its

Deduction of the minimum 'operating headroom’ (25%) 11.2 GBq/yr

Agency 'Assessed Value' (AAV)(basis for plant limits) 
Operating margin stated as applied in setting plant limit (%)

7.3
100%

8.3
100%

GBq/yr

% contribution to site limit based on AAV 47% 53%

IJocation of 'available limit' to Thorp & WVP (47% and 53%) 
% of Agency's 'Assessed Value' Discharge Estimate 

(AAV supposedly allows maximum plant throughputs)

5.24
72%

5.96
72%

GBq/yr

Maximum % Usage of Agency Proposed Plant Limits 37% 43%

Thorp's operation is integrated with the operation of WVP.
BNFL's contractual commitments for oxide reprocessing in Thorp and commitments to the UK HSE 
regarding the vitrification of HA liquid waste in WVP need both plants to be able to operate in the future 
at their optimum throughput rates.

Clearly, the Agency’s stated "application of an operating margin of 100%" when setting the plant limits 
for Thorp and WVP is completely misleading and totally ineffective as it is the site limit which is 
constraining the integrated operation of both Thorp and WVP.

It should also be stressed that the methodology adopted to calculate the "Agency assessed value" for 
maximum prospective Ru-106 discharges at both the Thorp & WVP stacks is fundamentaly flawed and 
consequently invalid.

Not to carry forward at least part, if not all, of the "operating margin" (which the Agency have assessed 
as being appropriate at a plant level) in determining an appropriate site aerial Ru-106 discharge lim it 
must further increase the consequential risk to BNFL's future work programmes.
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Table  5: Com parison of Methods for Calculating the Site Ru-106 Aerial Discharge Limit 
(using Tho rp  fuel burn-up & cooling scaling factors)

All discharges are expressed as MBq.

Current Agency Methodology 

Th o rp  W VP Site

Modified Approach 

Thorp W V P  Site

M easurement Period used: 
Average Annual Measured Discharges:

1997-98
4.10E+02

1997-99
2.89E+02

1997-98
4.10E+02

1997-99
2.89E+02

Multiplication Factor: 
Plant Throughput Factor: 

Thorp  Fuel Bum -up  & Cooling Factor: 
Adjustment Fa cto r

1.5
1.657

51.481
0.14

1.5
2.655

51.481
0.14

1.0
1.657

51.481
1.0

1.0
2.655

51.481
1.0

Plant W o rst Case Discharge Estimate: 

A g e n c y  "A sse s se d  V a lu e s"

7.34E+03

7.30E+03

8.29E+03

8.30E+03 1.40E+04 
(9 0 %  total)

3.50E+04 3.95E+04 7.45E+04
(total)

Best Estimate of Peak Rolling 12 Month Discharges: 
(at maximum plant throughput rates)

2.40E+04 3.95E+04 6.35E+04
(total)

5.71 E+04 
(9 0 %  total)

S c h e d u le  & E q u iva le n t Site Lim its : Schedule 5
Limit

GBq/yr
Dose

microSv/yr

Schedule 2 
Limit 

GBq/yr
Dose

microSv/yr

Site
Limit

GBq/yr
Dose

microSv/yr

Previous (as at Decem ber 1999) 
Current (as from January 2000)

50
37

0.08
0.06

45
■ 20

0.49
0.22

96
56

0.57
0.27

"Worst Case" Dose Impact at Current Site Limit (worst case discharges from W V P ): 
Risk to an average individual of contracting a fatal cancer from such a radiation exposure (1 in . . . )

0.46 
44 E+6

Notes: .

Th o rp  & W V P  maximum annual plant throughputs based on 1200 t(U ) fuel and 730 containers respectively.

Agency Site Limit calculated as 9 0 %  of Total (Thorp + W V P ); BNFL's calculation is shown as 100% of Total 
as the individual Th o rp  and W V P  calculations do not include a 'multiplication factor'.

B N F L 's  best estimate of peak roiling 12 month discharges for the Thorp stack {at maximum plant throughput rates) 
corresponds to the design flowsheet value as all measurements to date have been based on 'LO D ' sample results.

B N F L 's  best estimate of peak rolling 12 month discharges for the W V P  stack (at maximum plant throughput rates) 
is shown as the "worst case" calculated value because some sample measurements have been 'real'.

Effective Site Limit of 96 GBq/yr at December 1999 comprises 1, 45 and 50 GBq/yr respectively from 
Schedules 1, 2 and 5.

Risk to an average individual of contracting a fatal cancer from a radiation exposure of 1 microSv 
is 1 in 20,000.000 (1 in 20 million) [para A9.8  of Agenc/s Explanatory Document].
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Figure  1: Variation of Ru-106 Fuel Cooling Factor with Differences in Average Cooling (Years)
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Figure 2: Sensitivity of Ru-106 Scaling Factors to Differences in Average Cooling (Years)

Difference in Average Cooling (feare)

— ■— Cooling Factor (calculated from the radioactivity decay equation)

— *—  Ru-106 Activity Ratio (Combined Bum -up & Cooling Factor)(calculated from FISPIN data)

---------- Bum-up Factor (calculated from FISPIN data - no difference in cooling)’

..........WVP Bum-up Factor (factor assumed in initial WVP SALQAR submission - no allowance for difference in cooling)
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Appendix 2: Discharges of 1-131 from B6 Cell Vent
The Agency’s approach to setting aerial 1-131 limits has not taken full account of the information 
provided by BNFL on predicted future discharges, nor has the Agency given an explanation as to why 
the BNFL information has not been taken into consideration. Consequently proposed aerial 1-131 limits 
may threaten BNFL business plans through both individual plant limits and the site limit. This is 
particularly notable in the case of B6 cell vent, but the proposed limits for all plants are less than the 
BNFL Business Requirement figures meaning that the proposed site limit may restrict business plans. It 
is worth noting that the proposed limit is actually equal to the total of current schedule limits despite the 
introduction of new stack limits at Thorp and STP.

The limit the Agency has proposed for B204 is slightly above the BNFL predicted maximum operating 
discharge, whilst the proposed limits for Thorp and WVP seem to reflect BNFL maximum operating 
discharge predictions with no margins applied for operational headroom. More significantly, STP, and 
in particular the B6 stack limits set by the Agency, could clearly threaten business plans. Fior B6 cell 
vent, the Agency appear to have proposed an unjustifiably low limit based upon an analysis of recent 
discharge data, which has not taken account of the information that BNFL has provided, particularly 
with regard to future business plans. BNFL notes that in the case of STP stack 1-131 discharge 
projections, these were revised following the part A submission and the Agency may not have had time 
to consider the further information provided by BNFL. However, generally the 1-131 limits have been 
set without BNFL having been given an indication of whether their information had been accepted and 
therefore further discussion are required to resolve areas of uncertainty.

Regarding STP, Agency are aware that discharges will be greatly dependent on the performance of the 
Street Three scrubber. Considering the lack of operational data to adequately assess the performance of 
the Street Three scrubber, the Agency will appreciate that it is too early to sensibly set any limit (unless 
there were real concerns over environmental impact).

The B6 cell vent limit proposed by the Agency, of 9.5E+02 MBq/year, is particularly concerning, since 
it is significantly less than the predicted maximum operating discharge of 9.14E+03 MBq/year (as 
provided to the Agency in the Part A report in February 2000), It is also less than the Business 
Requirement” figure, provided to the Agency in letter reference EA/01/1898/02, dated 6th June 2001. 
BNFL accepts that the Business Requirement figure provided is higher than the current Schedule 2 
limit, but this highlights the potential risk to planned operations which BNFL feels it faces with respect 
to potential constraints associated with this discharge.

It should be emphasised that the planned closure of Magnox stations means that the business scenario of 
reprocessing 1600t(U)/yr of relatively short cooled fuel needs to be allowed for, and this provides the 
basis for the B6 cell vent discharge predictions. These maximum operating predictions are significantly 
greater than any recent discharge data, the reason being that this is due to the short half-life ofI-131 
(about 8 days), meaning that inventory levels exhibit an extreme sensitivity to even small variations in 
fuel cooling. Maximum operating predicted discharges are based on flowsheet discharges to allow for 
the reprocessing of shorter cooled fuel at the end of Magnox reprocessing life.

BNFL believes it has a strong case which supports the figures it has provided to the Agency, which is 
particularly important with respect to 1-131 discharges from B6 cell vent. Further discussions clearly 
need to take place to resolve outstanding issues, should the Agency be intent on setting a limit for the 
B6 Cell Vent and STP stacks, and ideally the proposed site limit should also be reviewed following 
resolution of the issues relating to individual stacks.
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Appendix 3: Limits set against discharges which are independent of plant operations
There are numerous examples of limits proposed by the Agency, which bear no relation to the ability of 
the discharging plant to abate the relevant discharges. Several of these, and the problems which could 
result from the setting of such limits, are provided below.

H-3 discharges from normal operations of the EARP Bulks process have been up to 192% of the 
Agency's limit in the Explanatory Document. EARP Bulks supports the safe storage of fuel within 
Thorp, in that MEB flushings are routed to EARP for treatment. MEBs are flushed prior to fuel removal 
to avoid contamination of the bulk pond water and thus control operator dose uptake. EARP is not 
designed to remove H-3 and thus setting a limit for this discharge, especially since the proposed limit is 
obviously too low based on historic discharges, may result in less than optimal fuel storage conditions 
within the Thorp pond.

The situation is very similar with respect to the Agency's proposed limit for H-3 discharges from SETP. 
There is no practicable technology available to reduce discharges of H-3 from such a liquid stream, 
neither is there any obvious way in which a significantly greater amount of H-3 could be routed to a 
solid disposal route, the corollary being that setting such a limit could only possibly have the effect of 
constraining operations and offer no environmental benefit whatsoever.

A further example is the proposed liquid C-14 limit at SETP, which has no capacity to reduce the 
discharge of this radionuclide. C-14 is routed to liquid streams is the reduce the impact from aerial 
discharges. Indeed, the Agency have recently placed a requirement on BNFL to install the Street Three 
caustic scrubber, at huge expense, to minimise discharges of C-14 from B204 stack, routing the scrubber 
liquor to sea. If the proposed C-14 liquid discharge limit were approached at SETP, one option would 
potentially be to operate the scrubber in a sub-optimal manner to reduce liquid discharges and 
correspondingly increase aerial discharges, actually causing an increase in doses to members of the 
public. This is clearly an example which demonstrates how the Agency's limit setting methodology 
results in tensions between compliance with arbitrary limits and the use of BPM.
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Appendix 4: The importance of cooling considerations in establishing appropriate headroom 
for the shorter ‘half-life’ radionuclides

This is discussed in some detail in Appendix 1 regarding ‘operational headroom’ for Ru-106 discharges.

When establishing plant and site limits for the shorter ‘half-life’ radionuclides Zr-95 & Nb-95, Ru-106, 
Sb-125, Cs-134 and Ce-144, due consideration needs to be given to the impact of variation in the 
cooling of the material likely to be processed in future years compared to that related to the material 
processed to date. This is because inventory levels for these species exhibit an extreme sensitivity to 
differences in cooling (as shown by the figure below) which generally overshadows the influence of fuel 
‘ bum-up \

Variation in Cooling Factors for the Shorter Half-Life Radionuclides

Difference in Fuel Cooling (years)

The ‘cooling factor’ referred to in the above illustration is a measure of the extent to which inventory 
levels for the particular radionuclide would be expected to increase as a result of the specified reduction 
in average cooling. It is derived from the radioactivity decay equation as;-

Cooling Factor = 1 / exp (~^)t where t = the difference in cooling (years) 
and Decay Constant (X) = - In (0.5) / (half-life)
The Agency’s methodology for establishing site limits has either not taken this phenomenon into 
consideration or it has effectively eroded any such allowances justified by BNFL at a plant level.

In addition to the comments in Appendix 1 regarding prospective aerial Ru-106 discharges, one area of 
particular concern is the Agency’s proposals to significantly reduce the current site marine discharge 
limits for the shorter ‘half-life5 radionuclides Zr-95/Nb-95 (by 76%) and Ce-144 (by 66%), as these 
show the most extreme sensitivity to even small fluctuations in average cooling.

From an analysis of historic rolling 12 month discharges from SETP and EARP bulks, BNFL believes 
that such reductions are not justified at the present time, due to the limited experience in the processing 
of shorter cooled and higher bum-up fuels in Thorp, as well as the fact that a higher proportion of the
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Magnox generated wastes to be processed in the future is likely to have a shorter average cooling than 
that experienced during recent years.

Marine discharges of Zr-95/Nb-95 from SETP and EARP Bulks in the period January 1994 to August 
2001 have been examined. An ‘LOD’ assessment has shown that a significant proportion of the 
measured values in the SETP discharge were based on ‘real’ analytical results, whereas the majority of 
analyses on the EARP Bulks discharge were ‘LOD’. However, in both cases, the activity 
concentrations (Bq/ml) when the analyses are ‘real’ were significantly higher (5 -6  times) than when 
the results are recorded as ‘LOD’.

It is also clearly noticeable that discharges from SETP in 1994 (with no contribution from Thorp) 
equated to 142% of the proposed plant limit, which the Agency are also proposing as the site limit.
Also, discharges from SETP in the 4 month period Sept-Dee 1996 corresponded to 25% of the Agency • 
Proposed Limit (APL). This discharge can possibly be linked to the processing of 127.4 t(U) of higher 
bum-up and shorter cooled fuel in Thorp during the plant commissioning period. Assuming this 
discharge is predominantly due to Thorp and scaling to 1200 t(U)/yr, with no allowance for fluctuations 
in fuel cooling, gives an annual discharge of 235% APL.

If it is reasonable to consider the former (1994) discharge as representing the likely contribution from 
the processing of future Magnox fuels and the latter one the likely contribution from processing future 
Thorp fuels, then the combined discharge (92% of the current site marine discharge limit) would seem 
to indicate that there can be no justification at the present time for reducing the current site limit.

This view is endorsed by consideration of the extreme sensitivity of Zr-95/Nb-95 inventory levels to 
even small fluctuations in average cooling and the significant uncertainty which this creates in estimates 
of prospective discharges based on the current limited operating experience. The average cooling of 
the wastes discharged from SETP in 1994 is not known, but future Magnox generated wastes are likely 
to be close to 2 years cooled. Such Magnox fuel contains about 100 times more Zr-95/Nb-95 than 3.8 
year cooled Thorp AGR fuel and nearly 8000 times more than 5 year cooled Thorp LWR fuel.

Marine discharges of Ce-144 from SETP in the period January 1994 to August 2001 have also been 
examined. An ‘LOD’ assessment has shown that 61% of the total volume discharged in 1994 (no 
Thorp contribution) was associated with ‘real’ sample results, whereas 95% of the total volume 
discharged in the 2 year period Januaiy 1995 to December 1996 was associated with ‘real’ sample 
results. In the period January 1994 to August 2001, the Ce-144 activity concentrations (Bq/ml) when 
the analyses are ‘real’ were generally 1.5 to 2 times higher than when the results are recorded as ‘LOD’.

The initial assessment for Ce-144 was based on the ‘real’ sample results only, in the period January 
1994 to December 1996. It was assumed that the contribution from ‘non-Thorp sources’ during 1995 
and 1996 was the same as that observed in 1994 and that the contribution from the Thorp fuel processed 
in this 24 month period is represented by the difference in the average Bq/ml activity concentration for 
all the ‘real* sample results in 1995-96 as compared with 1994. The calculated Thorp contribution was 
then scaled to 1200 t(U)/yr by applying a factor of 5.45 (1200/220), as 440 t(U) of Thorp fuel was 
processed in this 24 month period, indicating a full throughput annual Thorp discharge contribution 
equivalent to 71% of the APL for Ce-144 at SETP. From the 1994 measurements, assuming future 
Magnox generated wastes are of a similar average cooling, the total combined requirement equates to 
about 90% of the APL.

The Agency are proposing that its APL for Ce-144 at SETP is also an appropriate site limit for this 
radionuclide. However, an assessment of the historical discharge profiles for the other streams in 
which Ce-144 is currently measured, but for which the Agency are not proposing to apply plant limits, 
has shown that these can account for about 20% of the Agency’s proposed site limit. As the Agency 
have not stated that such accountancy measurements will cease in the future, and that significant 
variance has been observed associated with these predominantly ‘LOD’ sample results [presumably due 
to differences in the ROU (range of uncertainty) associated with the analytical technique used], then an
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appropriate allowance needs to be deducted from the proposed site limit to account for these factors. A 
realistic estimate to allow for this, and provide a small “operational headroom” at the site level, 
indicates that the effective Ce-144 discharge limit for SETP could be no more than 70% of the APL. 
This is clearly inadequate to cover the simultaneous processing of Thorp and Magnox generated wastes, 
even without considering the impact of small fluctuations in average cooling of the material processed.

The average cooling of the wastes discharged from SETP in 1994 is not known, but the weighted 
average cooling of the small amount of Thorp fuel processed in 1995-96 is at least 2 years longer cooled 
than the annual average cooling for the fuels likely to be processed during the remainder of the Thorp 
baseload (see Appendix 1), and this is indicated by the decay equation to increase the Ce-144 inventory 
by a factor of 6. Including for this factor alone, increases the total Thorp requirement to that equivalent 
to 143% of the current site Ce-144 marine discharge limit.

• It therefore appears clear from these simple assessments that there cannot be any sound technical or 
scientific justification for reducing the current site marine discharge limits for Zr-95/Nb-95 and Ce-144 
at the present time. Such assessments also illustrate the apparent inadequacy of the Agency’s site limit 
setting methodology to reflect the nature of the materials which need to be processed on the Sellafield 
site in order to satisfy BNFL’s commitments to customers and the UK HSE. BNFL would therefore 
welcome further discussions with Agency to resolve these issues.
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Appendix 5: The further restriction of operating headroom through the introduction of
discharge limits based on cumulative plant throughputs over a rolling 12 month 
period (reduced throughput limits)

The methodology adopted by the Agency to review the current reduced throughput discharge limits, and 
introduce new ones, is based on its decision of what constitutes an appropriate full throughput limit for a 
particular plant. If the annual plant discharge limit proposed by the Agency for a particular 
radionuclide effectively caps production to something less than BNFL’s maximum plant throughput 
requirements, then the methodology adopted simply transfers the effect of this capping to the lower 
plant throughputs. The consequential risk to BNFL’s work programmes is then compounded by the 
Agency’s proposal to align the reduced throughput limits to cumulative plant throughputs over a rolling 
12 month period rather than basing them on the calendar year throughputs.

Also, the Agency’s reduced throughput limit setting methodology does not appear to take account of 
BNFL’s minimum ‘operating headroom’ requirement for any limit, which is due to a number of factors 
(fully explained by BNFL) including the fact that it can be 4 -  6 weeks following sampling before 
certified analytical results are available to confirm a monthly discharge measurement.

A reduced throughput limit which is based on cumulative production statistics compiled on a calendar 
year basis allows BNFL more flexibility in the management and processing of higher impact waste 
materials. However, with limits based on throughputs over a rolling 12 month period, it is possible that 
the ‘applicable limit* can fall back to the nearest lower value as a consequence of reduced (or zero) 
production being achieved in a subsequent month - future production cannot be guaranteed. This 
phenomenon means that, unless an appropriate ‘operating headroom’ is incorporated within the limit 
setting methodology employed, then the result could be either a threat to BNFL’s work programmes or 
the risk of inadvertently breaching a discharge limit. This cannot happen if such limits are based on 
calendar years.

It is also not clear whether the Agency’s approach, for all streams, has taken appropriate account of 
historical measured discharges as reported for those periods which have been linked to either zero or 
‘close to zero’ plant throughputs. The Agency do not appear to have asked for BNFL’s view on the 
amount of headroom necessary to accommodate potential non-throughput related discharge 
contributions for individual radionuclides.

The Agency’s proposals, as stated in the Explanatory Document, for limiting discharges of tritium and 
iodine-129 from the Thorp stack, based on uranium throughput statistics [t(U)], are discussed below as 
an illustration of the above concerns.

Firstly, in order to evaluate the implications of the Agency’s proposals for these two radionuclides, a 
simple computer model was developed based on the following information provided as part of BNFL’s 
authorisation review responses.
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J N F L ' s  S A L D A R ' b e s t  e s t i m  a t e ' ' p r o s p e c t i v e d i s c h a r g e S ,
e x p r e s s e d a s  G  B q  p e r  t ( U )  p r o c e s s e d

T  r i t i u m ( H - 3 ) l o d  I n e - 1 2 9

t ( U ) M B q G 6  q / t ( U ) M B q G B q / t ( U )

2 0 0 0 / 0 1 1 0 2 0 2 . 7 8  E  + 0 7 2 . 7 3 E  + 01 2 . 3 9 E + 0 4 2 . 3 4 E - 0 2
2 0 0 1 / 0 2 1 0 2 0 3 . 7 6 E + 0 7 3 . 6 9 E  + 01 2 . 9 5 E + 0 4 2 . 8 9 E - 0 2
2 0 0 2 / 0 3 1 0 1 5 4 . 0 5 E  + 0 7 3 . 9 9 E + 0 1 2 . 9 5 E  + 04 2. 91 E - 0 2
2 0 0 3 / 0 4 1 01 1 3 . 2 6 E + 0 7 3 . 2 3 E  + 01 2 . 5 8 E + 0 4 2 . 5 5 E - 0 2
2 0 0 4 / 0 5 8 5 0 3. 1 4 E + 0 7 3 . 6 9 E  + 01 2 . 4 3 E + 0 4 2 . 8 6 E - 0 2
2 0 0 5 / 0 6 B 5 0 2 . 9 3 E + 0 7 3 . 4 4 E + 0 1 2 . 3 2 E + 0 4 2 . 7 3 E - 0 2
2 0 0 6 / 0 7 . 8 5 0 3. 1 3 E  + 0 7 3 . 6 8 E  + 0 1 2 . 4 5 E + 0 4 2 . 8 8 E - 0 2
2 0 0 7 / 0 8 8 5 0 3 . 4 0 E + 0 7 4 . 0 0 E  + 01 2 . 6 1 E + 0 4 3 . 0 7 E - 0 2
2 0 0 8 / 0 9 8 5 0 3 . 5 6  E  + 0 7 4 . 1 9 E  + 01 2 . 7 6 E + 0 4 3 . 2 5 E - 0 2

M e a s u r e d  d is c h a r g e s  (M B q ) u s e d  to ca lcu la te  the 
n o n - t h r o u g h p u t  re la te d  d is c h a rg e  c o m p o n e n t

T r i t i u m  ( H - 3 ) I o d i n e - 1 2 9

M a y - 9 8 1 . 1 5 E  + 05 1 . 7 7 E  + 0 2
J u n - 9 8 1 . 4 6  E  + 0 5 1 . 0 3 E  + 0 2

J u l - 9 8 1 . 3 7 E + 0 5 7 . 0 9 E  +  01
J a n - 9 9 1 . 3 9 E + 0 5 2 . 9 4 E + 0 2
F e b - 9 9 7. 1 9 E  +  04 1 . 5 0 E  +  0 2
M a r - 9 9 7 . 5 8 E + 0 4 1 . 9 2 E  +  0 2
A p r - 9 9 5 . 4 6 E + 0 4 1 . 1 8 E + 0 2

M o n t h l y  M e a n 1 . 0 6 E + 0 5 1 . 5 8 E  + 0 2
A n n u a l  M e a n 1 . 2 7 E  + 0 6 1 . 9 0  E + 0 3

[ H - 3  d a t a  i n c l u d e s  a d d i t i o n a l  s a m p l e  p o t s ]

Plant measurements during these months when no fuel was sheared in Thorp indicated that about 80% 
of the total stack 1-129 arisings came from DOG and W , and that arisings from the GB, C3 and C5 
streams were mostly ‘LOD’. Therefore, to avoid over-estimating future non-throughput 1-129 arisings, 
it was decided to apply an adjustment factor of 0.8.

To relate the above measurements to potential future non-throughput arisings, it is necessary to assume 
a constant material inventory (i.e., mass) so that the only difference between this period and the future 
will be due to the nature of the fuel being processed in the plant at the time. Thus, it is necessary to 
scale these measurements using the peak fuel bum-up & cooling scaling factors extracted from Table 4 
of the Thorp discharge prediction methodology paper (provided within letter TOEA/2000/357N, 
October 2000).

The resultant prospective annual and monthly non-throughput related discharges are shown in the table 
below.

P o te n t ia l fu tu re  n o n -t h r o u g h p u t  a ris in g s  (M B q ):

H - 3  1- 129

B u r n - u p  & c o o l i n g  f a c t o r  u s e d :  2 . 6 0 0  2 . 0 0 9

A n n u a l  C o n t r i b u t i o n :  3 . 8 0 E  + 0 5  5. 91  E + 0 2
M o n t h l y  C o n t r i b u t i o n :  3. 1 7 E  + 0 4  4 . 9 3 E  + 01
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3 5

The computer model calculated future discharges initially using the actual t(U) monthly throughputs 
processed in Thorp since plant start-up, using the peak prospective GBq/t(U) discharge values shown 
above and a proportion of the prospective monthly non-throughput discharge component. This 
proportion was calculated based on the assumption that at maximum plant throughputs of 1200 t(U)/yr 
this component will be negligible and so can be taken as ‘zero’. Hence, the non-throughput component 
was calculated and added in on a monthly basis using the relationship

“Monthly zero throughput contribution” x [100 -  t(U)] /100 when t(U) < 100
[Note: if the “monthly t(U)” value was > 100, then the contribution was taken as ‘zero’]

The model was then adjusted using different monthly t(U) throughput scenarios to fully explore the 
potential implications of the Agency’s proposals. The model was set up to examine the implications of 
both the proposed reduction in limit values and the change from calendar year to rolling 12 month basis.

A set of results is provided in the following table based on the current limit values and the Agency’s 
proposed values, prospective discharges being shown as a percentage of the applicable limit. A broken 
line in the table indicates when a change in the applicable limit value will occur if a rolling 12 month 
throughput basis is used. When a calendar year throughput basis is used, the <100 t(U) limit value 
becomes applicable from the 1st January each year. In this latter case, it should be noted that it is 
impossible for the applicable limit to fall back to the nearest lower value as a result of reduced (or zero) 
production being achieved in a subsequent month. Discharges >85% of any limit are also highlighted 
as these are considered to be representative of a direct threat to continuous reprocessing in Thorp.

Even though significant improvements have been.made in abating Thorp vessel vent tritiated water 
discharges through optimisation of COG dehumidifier operations, the current throughput related tritium 
discharge limits continue to pose a threat to future work programmes. To change these limits to be 
based on rolling 12 month cumulative throughputs would significantly increase the threat on BNFL’s 
ability to meet customer requirements. In this context, it should be noted that the Thorp aerial tritium 
GBq/t(U) value used in the model is about 16% lower than the corresponding value calculated based on 
the actual discharges from the COGEMA La Hague plants during calendar year 1999. Customer 
requirements and aerial tritium discharges from Thorp are manageable within the current limits only 
because applying these to calendar year cumulative throughputs allows some flexibility to BNFL to 
schedule lower impact fuels at the beginning of a calendar year and the highest impact fuels after about 
400 tonnes have been processed.

In its responses to the Agency under item 2 of Schedule 12 of the current authorisation and as part of the 
authorisation review, BNFL have indicated concerns about the appropriateness of the current Schedule 6 
tritium limit of 7200 GBq. Optimisation of tritiated water removal using the COG dehumidifier 
depends on the rate of replenishment of the demineralised water coolant which in turn depends on the 
interim liquor storage capacity and the operational availability of SFE. Certain plant shutdown 
scenarios could severely limit this replenishment frequency such that the resultant increase in stack 
tritium discharges during the shutdown could result in insufficient headroom being available with this 
limit to allow enough fuel to be processed to move to the Schedule 7 limit. This remains a concern, but 
the risk is considered far lower than that posed by the Agency’s proposed move to rolling 12 month 
reduced throughput limits.
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(Continuation of Table)

Thorp Stack Discharge Modelling Based on the Peak SALD AR  Prospective GBq/t(U) Values Aligned to Both Calendar Year 
and Rolling 12 Month Cum ulative Plant Throughputs (Expressed as %  Current and Proposed Limit V a lu e s )'

Mont h

M a n t T h ro u g h p u t 

C a le n d a r C a le n d a r R olling  

Mont h Y e a r 12 M onth

t (U)  t (U ) t<U)

Based on the C u rre n t Lim it Values 

H-3 H -3 1-129 1-129

C ale n d a r R olling  Calen dar R o lling  

[%  lim it] [%  lim it] [%  tlmlt] [%  lim it]

Based on the A g e n c y 's  P ro posed L im it V alues 

H -3 H -3 1-129 1-129

C a le n d a r R olling  C a le n d a r R o llin g  

[%  limit] [%  lim it] [%  limit] [%  lim it]

Jan
Feb

’ "War”
Apr
May
Jun
Jul

Aug
“5ep‘

O ct
Nov
Dec
Jan
Feb
Mar
A pr

“"May"
Jun
Jul

Aug
"Sep'

Oct
Nov

"Dec"
Jan
Feb

~M ar"

39.90
119.36

“ 9 T 0 7 "
24.10 
59.66 

111.47
79.11 
114.89

T T T O '
0.00

70. 19
59.17
78.69
78.68
51.48
10.22

™ o : o r ‘
o.oo
5.77
7.43

5.93
91.40

“SOS"
91.86
94.05

39.90
159.26 

'25033"
274.43
334.11
445.58
524.69
639.58 

■7SrU0‘
751.00
821. 19
880.36
78.69

157.37 
208.84
219. 06 

■2T9:TT6‘
219.06 
224.83
232.26 

'T5T.75'
238. 19 
329.60

"Tf6:rg_
91.86

185.91
'T&S.W

245.59
308.98 

"W 070'5'”  
424.15
483.83
595.30 
674.41
789.30 

*878727
878.27
875.28 
880.36 
919.14 
878.46 
838.86
824.98 

"7S573T~
653.84 
580.50 
473.04

'“3sr6-r"'
367.55
388.77

“rf67re~
429.66
445.03

25.5%
31. 1%

54. 1%
66 .0 %

58. 1%
68.4%
83.0%

58.7%
70.2%

■57:e%‘
60.5%
67.6%
80.9%

fg97f9%M|M8870%^ 
SSI Otti

30.5%  
40.9%  
4 4.0%

— y $ : 2 W

46. 5% 
48.8%  
51. 3% 

■"5276%' 
54.9%  
72.4%  

•“ 5S74%' 
53.8%  
35.6%

8812%'

84 .3 % ’
83. 1%

I p p i i

66 .2% 
— 797470“"'

80.4%
84.2%

---5T4%‘"
61. 0%
62.8%

19. 6% 
24.2% 

‘ 3778%'* 
42.2%  
51. 5% 
45.3%  
53.2% 
64.5%

■75:5% "
76.3%
83.4%

35. 3%
23.7%
31.9%
34.4%

'3 5 :6 % "
36.7%
38.7%
40.8%

44.0%
57.6%

■*770% "
40.6%
27.6%

to st

47.3%
56. 1%

■■4-5:? % "
47.9%
53.3%
63.5%
70.7%
81. 2%

TTBV
77.6%
77.4%
77.8%
80.8%
77.5%
74.4%
73.3%

’ TSTOV
68.8%
62. 1%
52.2%

‘ 537!% -
63.9%
66.8%

‘ T770%'
48.2%
49.6%

‘S774V

25.5%  
38.0%  

'■ ^ 9 7 W  
66 . 1% 
80.6%  
60.0%  
70.5%

71. 8%
figssasspea 

------ sjnrtr—
6 2.4%  
69.7%  
83.4%  . 
9371%

;8raf$SL 
;8 8 l0 $ ! 
8 7 i8 % r  
s m f

16.6% 9 M %
37.3%
50.0%
53.8%

— 55: ? ? ;

56.8%
59.6%
62.8%

“ CT7 3%
67.1%

^  ST3-%“----------- 6T.T95
53.8% 62.9%

23.0%
33.3%
5 * 0 % -
58.0%
70.8%
51. 5%
60.6%
73.4%

86if8%1

4 3.5%
* r o r a r

6 4.8%

32.6%
43.8%
47.3%
vs:g%_
50.5%
53.2%
56.2%
57 .TO’
60.5%
79,1%

47.7%
38.0%
3 ? £ % ‘

65.
77.

— n:
54.
60.
72

_____80,
6853«i

r r .  

77. 
77 
77 
80 
77 
74
73

0%
2% 
0% - "  
5%
6%
2%
4 %  
' 4 % ^  
V K ‘ ~  

6%
4 %
8%
6 %
5 %
4 %
3 %

78.3%  
70.7%  
59.5%

M s ® #■■•S33V
54.9% 
56.5%

Broken line indicates a change in the applicable throughput-related limit value when a rolling 12 month throughput basis is used. 
When a calendar year throughput basis is used, the < 100 t(U) limit becomes applicable from the 1st January each year. 
Discharges > 85% of any limit are highlighted as being representative of a direct threat to continued reprocessing In Thorp.
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The current plant (Schedule 5) limits for aerial discharges of tritium (H-3) and 1-129 from 
Thorp will restrict throughputs to < 1000 tonnes based on the above GBq/t(U) values. The 
methodology adopted by the Agency to justify the specified reductions in the current reduced 
throughput limits simply transfers the effect of this “capping” to the lower plant throughputs, 
so severely that it may not be possible to reprocess some of the higher impact fuels as 
currently scheduled and agreed with BNFL’s customers. For example, the proposed 
reductions to the 100 to <400 t(U) limits can restrict throughputs to less than about 375 t(U) 
in any rolling 12 month period.

Because of the influence of the non-throughput component, particularly for tritium 
discharges, the degree of risk (threat) as demonstrated by the model depends on how quickly 
the fuel is processed — the slower this is (because of repeated shutdowns or plant problems) 
then the greater is the risk. It may be possible to process >400 t(U) if this is achieved in less 
than a 6 month period, but not more than about 620 t(U) in any rolling 12 month period.

The Agency’s reduced throughput limit setting methodology does not appear to take account 
of BNFL’s requirement for a minimum ‘operating headroom’, which is due to a number of 
factors (fully explained by BNFL) including the fact that it can be 4 — 6 weeks before certified 
analytical results are available to confirm a monthly discharge measurement. The basis for 
the computer model has therefore been applied to illustrate graphically the current limits, the 
Agency’s proposed limits (where different), as well as providing indications of BNFL’s 
potential “business requirements” for reduced throughput limits as dictated by incorporating 
‘operating headroom’ in the range 15 -  25%. The results are shown below.

The computer modelling also shows that, with the proposed introduction of limits based on 
rolling 12 month cumulative t(U) throughputs, then it is possible to exceed a limit without 
reprocessing any fuel in a subsequent month, simply because the applicable limit falls back to 
the nearest lower value. This cannot happen if such limits are based on calendar years. The 
model can be used to demonstrate that, in order to avoid this phenomenon with rolling 12 
month limits, an ‘operating headroom’ of at least 25% needs to be applied to the total 
projected arisings at the specified annual throughput (the upper dotted line in the illustrations 
shown below). This will necessitate increases to the current reduced throughput limit values 
for Thorp aerial tritium discharges, but not for iodine-129. The modelling shows that, for 
iodine-129, the current reduced throughput limit values will generally need to remain 
unaltered, but a small reduction (about 14%) in the current 100 to <400 t(U) (Schedule 7) 
limit value to 19 GBq could probably be accommodated.
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Appendix 6: Operational headroom and the influence of ‘LOD’ analytical results
When proposing future annual discharge limits for the Thorp pond purge waters, currently 
designated as Thorp Receipt & Storage (R&S) discharges, the Agency have indicated in the 
Explanatory Document that they continue to believe that their methodology provides 
appropriate ‘operational headroom’ because it adequately allows for the variation in past 
annual discharges. They consider that the approach adopted by BNFL over-estimates the 
variation in past annual discharges because it considers the variation in past monthly 
discharges and is therefore "not appropriate for use when setting annual limits ” (para 
A7.129).

BNFL wrote to the Agency on the 9th April 2001 (letter EA/01/1195/03), and in this response 
challenged the Agency’s approach and opinion that BNFL’s methodology for this stream was 
inappropriate. This challenge included providing charts illustrating the observed trend in 
historic rolling 12 month alpha discharges to December 2000, which demonstrated that the 
Agency’s limit setting methodology for this stream was inappropriate. At the time this was 
stated as being based on the formula:

1.5 x “average annual discharges over the specified measurement period” x 1.25
At the time the Agency were basing their assessment on the average annual alpha discharges 
as measured in the period January 1997 to December 1999, which gave an assessed value of 
1.6 GBq/yr. If calendar year 2000 measured discharges are included in this data set, the 
Agency assessed value increases to 2.1 GBq/yr. The chart of historic rolling 12 month alpha 
discharges included with the above letter showed a peak discharge of about 2 GBq/yr which 
corresponded to 85% of the BNFL “worst case” discharge estimate. Hence, the only 
conclusion possible here is that BNFL’s methodology must be regarded as being more 
appropriate than that used by the Agency.

The observed trend in alpha discharges in this stream was fully discussed in the above letter 
of response in which BNFL stated that the observed trend represented “the perturbations in 
activity discharges which can occur from time to time and reflect ‘normal’ operations in the 
Thorp pond system BNFL also explained that some particulate activity is released during 
fuel handling operations in the Thorp feed pond and some of this settles out over the pond 
structural and equipment surfaces. It was pointed out that such arisings can occasionally be 
re-dispersed to the bulk pond water, as a result of normal operations in the Thorp feed pond, 
resulting in small transient releases to the marine environment. It was also stated that it is 
normal practice (generally during periods of reduced fuel throughputs) to undertake deliberate 
clean-up operations on the pond structural and equipment surfaces. Such operations would 
be expected to result in similar transient increases in dispersed alpha activity in the pond 
water environment. During such clean-up processes, the pond volumetric discharge may be 
increased and this could also coincide with a change in activity concentration measurement 
from ‘real’ to ‘LOD’ values. If the uncertainty associated with the ‘LOD’ analytical 
measurement also increases, then this can result in an apparent increase in the reported 
discharge value (what is referred to as a ‘spike* discharge). As performance against any 
authorised limit is measured as a cumulative discharge over a rolling 12 month period, then 
the impact from such ‘spike’ discharges will not be lost for a full 12 month period.

BNFL strongly advised the Agency to take account of the above issues when deciding on 
appropriate plant limits for the Thorp pond discharge stream. The Agency’s proposed plant 
limit for alpha discharges in this stream is 2.9 GBq/yr, which corresponds to < 0.3% of the 
Agency’s proposed site marine discharge limit. How the Agency arrived at this particular 
plant limit value is unclear. However, it is clear from the following updated chart of Thorp 
pond historic rolling 12 month alpha discharges that this plant limit is totally inadequate. A 
more appropriate plant total alpha limit is indicated by BNFL’s “business requirement” figure
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provided in letter EA/01/1898/02 which is < 0.6% of the Agency’s proposed site marine 
discharge limit.

The second chart provided below illustrates that there has been no significant change in the 
arisings of alpha species in the Thorp pond water other than that which is explained by the 
‘normal operations’ described above and includes the handling of ‘dirtier fuel*. The 
significant change in the rolling 12 month discharge profile reflects the influence of certain 
‘LOD’ sample results and that the effect of such apparent ‘spike* discharges are not lost for a 
full 12 month period.

This example demonstrates that the Agency’s plant limit setting methodology has failed to 
provide sufficient headroom to take account of the variation in reported discharges which can 
occur due to the influence of occasional ‘LOD’ analytical results which are also associated 
with a higher than normal ‘range of uncertainty’ (ROU) when the sample measurements are 
being performed in the laboratory. It is also difficult to understand why the Agency feel it is 
necessary to restrict headroom to this extent (or even to set a plant limit) on a stream which 
makes such a small contribution to the actual and prospective total marine alpha discharges 
from the Sellafield site.

The influence of variation in the ROU associated with the sample measurements used to 
report ‘LOD* discharge values has been highlighted to .the Agency, but their limit setting 
methodology has clearly not taken this into account. BNFL is concerned that such higher 
than previous ROU values may be a reflection of the demand which is now being placed on 
BNFL’s analytical resources, a demand which can only increase further as a result of the 
Agency’s proposals in the Explanatory Document.
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Appendix 7: Future Increases in Discharges from FHP and SIXEP

The Agency's proposals for limits for aerial discharges from both FHP and SIXEP appear to 
be inadequate in some cases. This may be partly due to time constraints, with Agency unable 
to take into account BNFL's revised maximum operating discharges before publication of the 
ED (amended figures were reported in the letter reference EA/01/1840/03). In addition, 
discharge trends have altered and planned programmes of work have been modified since 
information was originally submitted in the Part A report in February 2000. In particular, the 
rise in pond water activity in FHP will give rise to corresponding increases in discharges of 
Cs-137 (and may also affect Sb-125 and Total beta discharges) from FHP. Corrective action 
in line with BPM, to reduce the activity of the pond water, may give rise to higher discharges 
in the short term, with the long term aim of reducing overall discharges. BNFL are therefore 
in the process of reviewing planned work programmes and estimating potential future 
discharges. Discussions have already been held with Agency on this subject, and it was 
agreed that BNFL would provide further information as soon as available. In it important in 
the interim however, that Agency are aware of this issue and do not set limits at FHP which 
are unnecessarily low, especially as there is very little further corrective action which could 
be taken at FHP to reduce these discharges, without affecting safety.

The increase in pond water activity in FHP will have an effect on discharges from SIXEP 
stack, since SIXEP treats the FHP pond water. Recent changes to the processes in FHP, in 
line with BPM, have also resulted in an increased transfer of activity from FHP to SIXEP. 
Both of these changes have resulted in an increase in the measured discharges of Cs-137 and 
Total beta from SIXEP stack. In addition, future activities associated with historic waste 
management will result in increased amounts of activity being forwarded to SIXEP, resulting 
in a corresponding increase in aerial discharges. It is important to note that the historic waste 
management programme is essential to minimise risks associated with the storage of 
radioactive material on the Sellafield site, and is therefore in iine with BPM. As with future 
discharges from FHP stack, BNFL has discussed these issues with Agency and has agreed to 
provide additional information where necessary. It essential that.these issues are resolved 
between BNFL and Agency and that limits are not set for SIXEP stack that could restrict the 
operation of this key effluent treatment plant which serves much of the Sellafield site.

The above two examples serve to highlight BNFL's concerns relating to the minimisation 
headroom above predicted discharges when setting limits. Although when predicted discharge 
figures were provided to Agency in February 2000 they represented BNFL’s best 
understanding at the time, subsequent events and necessary changes to operational 
programmes have meant that future discharges may now be different to those initially 
indicated. The setting of limits just above predicted discharges, combined with a probable 
lengthy variation process, means that operations at Sellafield could be seriously constrained 
whilst still conforming to BPM. Alternatively, limits could be unavoidably breached, since in 
many cases no practicable measures could be taken to reduce the discharges against which the 
Agency has proposed many limits. This supports BNFL's position that BPM should take 
primacy over arbitrary numerical limits. Provided that no international or national risk-based 
guidelines are exceeded, and provided BPM are employed, BNFL should not be put at risk of 
breaching such limits by the injudicious setting of numerous and insufficiently low limits.
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Appendix 8: Integrated Nature of the Sellafield Site

The main effluent treatment plants on Sellafield site are EARP, SIXEP, SETP and the Lagoon. 
Each of these plants supports simultaneously: -

• Fuel reprocessing

• Reduction of historic liquor and sludge stocks

• Safe fuel and sludge storage on site.

Thus the effluent treatment plants are required to discharge simultaneously and are not independent. 
Table 2 identifies some of the main interactions between source plant, eg Thorp or Magnox 
reprocessing, the liquors generated and their treatment routes prior to sea discharge.

Table 1 lists the main sources of discharge for each nuclide from each effluent treatment plant or 
process. Nuclides have been selected using the following criteria:-

• Those nuclides for which the Agency propose new plant limits for many (or all) of the effluent 
treatment plants or accountancy points ie SETP, EARP, SEXEP, Lagoon and Laundry, Thorp 
R&S and Thorp DOG.

and
• Those which have historic rolling annual discharges which would be a significant proportion of 

(or would exceed) the new Agency proposed limits.
and

• Those nuclides which are discharged from all of BNFL's main business functions, ie Thorp and 
Magnox fuel reprocessing, reduction of historic liquor and sludge stocks and safe fuel, sludge 
and liquor storage.

Taking alpha discharges as an example; the Agency propose limits for every discharge point, ie 
SETP, SIXEP etc.. The main contributors of alpha emitters to each discharge point are:-

SETP - B205 DOG/MAD scrubber, B268 MA evaporator, Thorp, HLWP, B303 Salt 
Evaporator, FHP, MEP and WEP, ie Thorp Fuel Reprocessing, Magnox Fuel Reprocessing 
and Safe Sludge and Liquor Storage.

EARP Bulks - Magnox PPSW1AR, Thorp 2AR and 3AR, ie Thorp Fuel Reprocessing and 
Magnox Fuel Reprocessing.

EARP Concentrates - MAC treatment ie Reduction of Historic Liquor Stocks.

SIXEP - B38 LAR in future, FHP fuel receipts from stations and Magnox fuel preparation, 
B30 and FHP fuel pond purges ie Magnox Fuel Reprocessing, Reduction of Historic Liquor 
and Sludge Stocks and Safe Fuel Storage.

Lagoon - contaminated rain water run off from Separation Area ie Safe Fuel and Sludge 
Storage.

Thorp R&S - Thorp fuel storage pond water, ie Safe Fuel Storage.

Thorp DOG - Thorp vessel vent gases treatment ie Thorp Fuel Reprocessing.
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It is BNFL’s intention to operate Thorp and Magnox reprocessing and retrie val of historic wastes 
simultaneously. Thus significant discharges of liquors containing alpha emitters are likely to occur 
simultaneously since these processes contribute to all of the main treatment plants and discharge
points.
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Table 1: Main Sources of Liquid Effluent Discharges for those Nuclides which a) are discharged from most Site treatment plants and
b) have proposed EA plant limits

Nuclide Main Source of Discharges Site
Processes

[11
SETP EARP Bulks EARP Cones SIXEP Lagoon + Thorp Thorp T M R S

Laundry R&S DOG R R H F
L S
S L
S S

Alpha - B205 DOG/MAD - Magnox - MAC treatment - B38 LAR - Contaminat - Fuel y y y y
scrubber. PPSW1AR - FHP fuel edrain storage e e e e

- B268 MA - Thorp 2AR receipts water pond s s s s
evaporator - Thorp 3AR - Magnox fuel runoff. purge

- Thorp preparation
- HLWP - POCO of

B303 Salt Evap. sludge stocks
- FHP - Safe oxide and
- MEP Magnox fuel
- WEP storage

H-3 Thorp repro.[3] - B205 LAEMT - MAC treatment - Magnox fuel - No plant - No plant -scrubbing y y y y
- B205 UP1AR storage [2] limit limit of vessel e e e e

- Rain water - Fuel vent when s s s s
runoff storage Oxide fuel
from pond processing
contaminat purge
ed ground
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C-14 Magnox fuel - Magnox fuel - MAC treatment Magnox fuel - No plant as for as for y y y y
repro. repro. receipt and limit H3 H3 e e e e

preparation s s s s

Sr-90 - Magnox fuel - B205 LAEMT - MAC - Magnox fuel - No plant - No plant - No y y y y
repro. - Magnox treatment storage limit limit plant e e e e
Borehole 68 UP1AR - Magnox fuel limit s s s s
water - Thorp MEBs receipt

- B29 and B27 - WVP - Magnox fuel
pond purges - EPMF preparation

- B259
Cs-137 - as for Srvu - as for Sr90 - as for Sr90 - as for Si50 - No plant - No plant - No y y y y

limit limit plant e e e e
limit s s s s

Pu(alpha) - Magnox fuel - as for Sr9u - as for Sr90 - as for Sr40 - as for H3 - No plant - No y y y y
repro. limit plant e e e e

limit s s s s

Am-241 - Unknown - No plant limit - No plant limit - No plant limit - No plant - No plant - No ? ? ? ?
limit limit plant

* limit

Total beta as for Sr™ and Cs1 J' y y y y
* e e e e

s s s s

Sellafield RSA93 Review
Main Review Decision Document

Supporting Information



Notes

1. TR - Thorp reprocessing. MR - Magnox reprocessing. RHLSS -  Reduction of Historic Liquor and Sludge Stocks. SFSLS -  Safe Fuel, 
Sludge and Liquor Storage.

2. Sources in italics represent best estimate of ,most likely source.
3. Sources in bold are the major contributor through that discharge point or treatment plant.
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Table 2: Plant Interactions on Sellafield Site

OPERATION

orp Fuel 
rocessing

ignox Fuel 
Reprocessing

Encapsulation of hulls and 
barium carbonate in WEP

Fuel preparation

Fuel product separation by 
liquid extraction

LAET

Fuel product separation by 
liauid extraction

Scrubbing of vessel vent 
gasses

MA liquor evaporation

Reduction of 
^  Historic 
Hbiquor and 
™ Sludge 

Stocks

MAC retrieval

SEC retrieval

B30 sludge retrieval

LIQUOR
ARISINGS

Process arisings liquor

MEB flushings liquor

Fuel receipts from stations

Rotary skipwashing of 
Magnox fuel

Solvent wash aqueous liquors

LA effluent

Flask flushing liquors

RSW liquor

m
Solvent wash aqueous 
liauors

Aqueous raffmate liquors

Caustic scrubber liquors

MAC

MAC

i
it

hH

SEC

Magnox sludge slurry

l

4 FHP fuel storage Pond purge liquor

I

I

Safe Fuel, 
ludge and 
Liquor 
Storage

B30 fuel storage

Rain water run o ff collection

Pond purge liquor

Trace active water

r ^ r Thnm fiifO storage Pond purge liquor

B38 liquor and sludge - > Corroded Magnox fuel
retrieval supemate and sludee

EFFLUENT TREATMENT 
PLANT

SIXEP

EARP
BULKS

SETP

EARP
CONCENTRATES

| / /

LAGOON
! AND
j 4i LAUNDRY

1 1 /
! / _

THORP
/ 4 RECEIPTT AND

! STORAGE
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Appendix 9: Generic Example of Potential Problems Resulting from Agency’s Proposed Limit- 
Setting Methodology

The potential impact of the Agency's limit-setting methodology is demonstrated below by a generic 
example, which shows how the proposed approach for setting site limits can, in some cases, render many 
plant limits obsolete. BNFL would therefore welcome further discussions with Agency to establish a 
limit-setting methodology which would not unnecessarily constrain BNFL's planned operations in the 
way described below.

Plant A Plant B Plant C
Predicted maximum discharge 10 10 10
Business Requirement 12 14 16
Agency's proposed limit (accepting BNFL's 
figures for plants A and B, but not C).

12 14 . 15

The above generic example is typical of the situation which has occurred during this review of 
Authorisations. Three plants each discharge a particular radionuclide, for which BNFL have calculated a 
maximum predicted discharge. BNFL have also provided Agency with Business Requirement figures, ie 
the level at which, if a limit were set, should not result in restriction of the process. Based on the 
information provided by BNFL, and their own assessment, Agency have proposed plant limits (in this 
case, Agency have agreed with BNFL's assessment for plants A and B, but have proposed a lower limit 
than suggested by BNFL for plant C).

The Site limit, based on Agency’s methodology for the above situation, would therefore be = (10 + 10 
+10) * 0.8 (scale-down factor) = 24

Agency’s proposals for site limits are based on the sum of the predicted maximum discharges, not taking 
into account any allowance for margins. The scale-down factor, 0.8, is another feature of the Agency's 
methodology which causes BNFL concern. Agency have justified this on the basis that they do not expect 
several plants to discharge at a maximum level at the same time. BNFL disagree with this supposition 
however, as discussed more fully in the main text of this letter.

Based on the expectation that equal discharges will come from plants A, B and C, BNFL would internally 
set the following "effective" limits, based on the site limit of 24:

Plant A Plant B Plant C
Effective limit (based on site limit) 8 8 8

The above "effective limits" demonstrate how the site limit takes precedence over plant limits, in terms of 
how much the plants can actually discharge.

The situation would be further exacerbated by the fact that each plant can only operate up to a maximum 
of 80% (a factor of 0.8) of its limit, as explained in the main text of the letter. Therefore each plant can 
only discharge up to a "ceiling" of 8 * 0.8 = 6.4

Plant A Plant B Plant C
Maximum allowed discharge, based on plant 
ceiling derived from site limit

6.4 6.4 6.4

It can be seen from the above that, in this case, the Agency's methodology results in a maximum 
permissible discharge from each plant of just 6.4, despite the fact that Agency have accepted that each 
plant could potentially discharge up to 10. Given that the operation of many of the plants on site is 
directly connected and they are therefore likely to operate to maximum throughput at the same time, it is 
evident that the Agency's methodology could potentially prevent BNFL meeting its business plans. The 
above example demonstrates that the plants limit are not relevant in this case, discharges actually being
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limited to an average of just 47.2% of the proposed individual plant limits, ie less than half the 
requirement.

The only way in which this problem could be slightly alleviated would be for BNFL to regularly review 
internally-set "effective limits", based on current discharges, future business plans and expected 
operations. This would be difficult and involve intensive resources for even a relatively simple situation, 
but would be very difficult indeed for the Agency's proposals for so many individual limits set against the 
interconnected plants at Sellafield.

This situation is potentially exacerbated by the need to measure and report discharges which are at the 
limit of detection (LOD), of which there are many examples at Sellafield. It is possible that the discharge 
from one of the above three plants is at LOD, therefore discharges may well remain constant regardless of 
operations. Routine discharges could therefore be fairly constant above the "ceiling" level, meaning that 
the allowance for the other 2 plants is further reduced, below the already small fraction of predicted future 
discharges.

It is also apparent that in the situation described above, there would be hugely reduced scope to attempt 
plant modifications in pursuit of BPM, since any change which resulted in a slight increase in discharges 
would have a large effect in terms of the operation of these plants. BNFL would therefore be forced into a 
situation of conservatism, in which ingenuity and a desire to optimise existing equipment would be 
stifled. Clearly this is not a situation which either Agency or BNFL would wish to encourage, since both 
are committed to minimising environmental impact by the use of BPM.

As is explained above, the majority of the plants and processes on the Sellafield site are interconnected, 
meaning that an inability to operate one plant could potentially impact on the operations of many more 
plants. If the above situation were to affect SETP for instance, then this could impact on the operations of 
B205 Magnox reprocessing, B268, Thorp, B303 salt evaporator, B215, WVP, FHP, WEP, borehole 68, 
B27 and B29 pond purges. The operation of all these plants and processes could therefore be restricted by 
the setting of a single site limit for an individual radionuclide. It is important therefore that all areas of 
contention are fully explored and.resolved prior to the introduction of a new Authorisation. BNFL 
welcomes further discussions to more fully explore these contentious areas and is keen to support Agency 
in producing a limit-setting methodology which does not unnecessarily restrict operations.
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British Nuclear Fuels pic

Sellafield
Seascale
Cumbria CA201PG 
Tel: 019467 28333 
Fax: 019467 28987 
Telex: 64237

Dr D Ferguson 
Environment Agency 
Ghyll Mount 
Gillan Way
Penrith 40 Business Park 
PENRITH
Cumbria CA11 9BP 

Dear Df'Ferguson

Direct tel: 019467 74600 
Direct fax: 019467 74797

Your ref MRE/665/01/
PIR/RSR64/LP
Our ref: EA/01/2227/02

7 December 2001

Aerial Discharges of Tc-99 from the Sellafield Site

BNFL has carried out sampling to establish the magnitude of Tc-99 in aerial discharges from the Sellafield 
site. The sampling data was gathered from WVP stack (vessel vent) for a period of several months during 
2001. WVP was believed to be the most’likely source of volatile technetium, given the routinely very high 
temperatures which are found in the plant associated with vitrification (these are not found elsewhere on 
site in reprocessing and associated plants). It was felt therefore that discharges from WVP would represent 
a "worst case" scenario.

The results from this sampling campaign revealed that the majority of the results were at the limit of 
detection (LOD), with just one result apparently above the limit of detection. Despite the fact that the 
majority of the mean analytical results were zero, the current reporting conventions for radioactive aerial 
discharges from Sellafield require, in most cases, discharge estimates to be based on statistically calculated 
LOD results (the LOD figures in this case are higher than the "real" result). Using this reporting convention 
the estimated annual discharge of Tc-99, based on the results obtained, is 2.28E+03MBq. This figure, 
which is almost certainly a gross overestimate of the actual discharge, corresponds to a critical group dose 
of just 5.94E-01|iSv.

BNFL is now in the process of carrying out theoretical work to better understand the potential sources and 
magnitude of any Tc-99 aerial discharges from the Sellafield site. The results of this work will be reported 
to Agency by end 2001.

Yours sincerely,

2 - Q Ol/v
R G MORLEY
Manager - Environmental Discharges Strategy Group 
B407

Copied to: Regulator Liaison Office, B113
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Dr D Ferguson 
Environment Agency 
Ghyll Mount 
Gillan Way
Penrith 40 Business Park 
PENRITH
Cumbria CA11 9BPi

Dear Dr Ferguson

X>£$* l  A ^

British Nuclear Fuels pic

Sellafield
Seascale
Cumbria CA20 1 PC 
Tel: 019467 28333 
Fax: 019467 28987

Direct tel: 019467 74600 
Direct fax: 019467 74797

Your ref: MRE/665/01/
PIR/RSR64/LP
Our ref: EA/01/2227/03

21 December 2001

Further Investigations into Aerial Discharges of Tc-99 from the Sellafield Site

BNFL has carried out further work into potential aerial discharges of Tc-99 from the Sellafield site, with 
the aim of demonstrating that any such discharges have negligible impact in terms of health effects and 
environmental harm.

A review of the literature has confirmed that technetium volatilisation is primarily associated with very high 
temperatures, such as experienced in the calciner (ca. 800°C) and the melter (ca. 1150°C) at WVP. It is also 
estimated that greater than 86% of the Tc-99 associated with reprocessing at the Sellafield site is routed to 
WVP, therefore WVP seems to be the obvious location on site to sample for Tc-99 in aerial discharges.

Although it is known that Tc-99 is volatile at very high temperatures, it is also known that "plate-out" will 
occur on colder surfaces. This will occur in addition to removal from the gas-stream as a result of passing 
through the various pieces of abatement equipment installed in the WVP off-gas system (dust scrubber, 
condenser, electrostatic precipitator, HEP A filters etc.). It is also believed that technetium is not volatile 
once incorporated into molten glass, hence volatility during these latter stages in the vitrification process 
would not expect to be significant, even though this may be the period when the highest temperatures are 
experienced.

Although the initial review of the literature has not been conclusive, it seems to support the belief that 
discharges of Tc-99 are not significant. Measurements at WVP and subsequent treatment of data (as 
reported in EA/01/2227/02) are therefore assumed to lead to an overestimate, due to using LOD-based 
figures to calculate the discharge.

The most likely volatile species of technetium are CsTc04 or HTc04, both of which are assumed to behave 
in a similar way to RuOj. The choice of caustic solution therefore seems a sensible choice of trapping 
medium on which to base the discharge estimate, since caustic is known to be effective for trapping volatile 
ruthenium. The theoretical work has therefore supported the approach taken for sampling of volatile Tc-99 
at Sellafield.

The raw analytical data obtained from the sampling campaign at WVP is shown in the table below. The 
analytical technique employed for these analyses was at its limit of detection, and it is therefore possible 
that the "real" result, obtained for 2/7/01, may be misleading. Further support for this is gained from a 
review of the number of containers which were produced in WVP over the period of investigation. For the 
period corresponding to the "real1* result, about. 2 containers were produced in WVP. This compares with up 
to 9 containers being produced during other periods when the results were LOD. The literature review
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however indicates that discharges would be expected to be higher during periods of calcination and melting, 
yet this is not observed in the sample results.

Analytical Results from the Tc-99 Aerial Sampling Campaign at WVP During 2001

Date sample taken Result Range of Uncertainty
(ng/ml) (ng/ml)

14/05/01 0 1

22/05/01 0 . 1

28/05/01 0 1

03/06/01 0 1

11/06/01 0 1

18/06/01 0 1

25/06/01 0 1

02/07/01 2 1

^  10/07/01 0 1

16/07/01 0 1

23/07/01 1 1

Based on the above, it is BNFL's intention to include potential aerial Tc-99 discharges from WVP along 
with the routine process of monitoring and assessment to identify significant discharges at Sellafield, which 
BNFL carries out in line with BPM. The preferred course of action is therefore that periodic checks will be 
carried out and further theoretical work performed to provide reassurance that discharges are not 
significant, that any consequent impact is negligible and to ensure that this situation is not likely to change 
in the future. In this respect, potential Tc-99 discharges will be treated like all other potential discharges 
from the Sellafield site and BNFL will ensure that appropriate systems are in place to identify and minimise 
any significant discharges.

Yours sincerely,

Manager - Environmental Discharges Strategy Group 
B407

Copied to: Regulator Liaison Office, B113
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I ®  BNFL
Cumbria CA20 1PG 
Tel: 019467 28333 
Fax: 019467 28987

British Nuclear Fuels pic

Sellafield
Seascale

96

Dr MR Emptage 
Environment Agency 
Ghyll Mount 
Gillan Way
Penrith 40 Business Park,
Penrith
Cumbria
CA119BP

Your ref: SEL/SRO 1/658; 
MRE/659/01

Direct fax: 019467 74707 
e-mail:

Our ref: EA/01/2885/01 
DSG/01/0115

Direct tel: 019467 73405

21 December 2001
Dear Dr Emptage

Sellafield Authorisation Review: Update of Past Disposal Information

In response to your letter of 8 November 2001, the enclosed disk contains the available updated information 
on monthly aenal discharges from the Sellafield site in 2000/2001. Corresponding information on liquid 
discharges is still in the process of being checked and will be provided as soon as possible. Any further 
information that you require can be discussed at Our regular liaison meetings and provided as appropriate.

Manager - Environmental Discharges Strategy Group
B407

Copi ed to: Regul ator Liaison Office, B113
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Table  1: B204 Stack: Historic Monthly Discharges (January 1994 -  September 2001)

Year Month Alpha Beta H-3 C-14 Kr-85 Sr-90 Ru-106 1-129 1-131 Cs-137 Pu-Alpha Pu-241 Arn-241+Cm242
MBq MBq MBq MBq MBq MBq MBq MBq MBq MBq MBq MBq MBq

1994 1 2.59E+0Q 2.36E+01 1.78E+07 2.11E+05 1.85E+09 1.46E+00 2.07E+00 4.04E+03 1.73E+02 1.92E+00 1.80E+00 2.32E+01 6.43E-01
2 2.42E+00 3.58E+01 5.02E+07 5.97E+04 4.09E+09 2.36E+00 1.99E+00 1.70E+03 1.74E+02 2.87E+00 1.88E+00 1.08E+01 6.34E-01
3 1.63E+00 4.01 E+01 1.00E+08 8.38E+04 4.94E+09 4.31 E+00 2.47E+01 2.38E+03 1.91 E+02 2.42E+00 1.04 E+00 1.62E+01 3.96E-01
4 3.33E+00 2.13E+01 5.87E+07 4.33E+04 3.84E+09 1.21 E+00 2.41 E+00 1.35E+03 1.33E+02 2.06E+00 1.93E+00 1.83E+01 1.09E+00
5 4.34E+00 1.63E+02 9.29E+07 6.16 E+04 3.52E+09 1.38E+01 6.65E+01 9.42E+02 8.99E+01 2.67E+01 3.33E+00 1.21 E+01 1.11 E+00
6 7.83E-01 2.01 E+01 6.73E+07 3.81 E+04 3.39E+09 4.06E-01 2.62E+00 1.07E+03 7.03E+01 1.50E+00 4;79E-01 3.09E+00 5.01 E-01
7 5.94E-01 3.50E+01 8.40E+07 3.36E+04 5.24E+09 8.20E-01 3.78E+00 1.39E+03 9.70E+01 1.25E+00 2.84E-01 3.03E+00 3.02E-01
8 7.99E-01 2.42E+01 4.58E+07 3.21 E+04 4.57E+09 1.75E+00 2.80E+00 1.42E+03 6.63E+01 9.80E-01 3.32E-01 4.87E+00 2.82E-01
9 1.25E+00 2.04E+01 6.44E+06 1.09E+04 5.46E+08 5.65E-01 1.70E+00 1.24E+03 6.61 E+01 1.11 E+00 5.41 E-01 5.79E+00 4.29E-01
10 9.70E-01 2.17E+01 6.91 E+04 6.67E+03 1.69E+07 1.18E+00 1.44E+00 9.20E+02 8.77E+01 1.42E+00 4.12E-01 3.50E+00 3.81 E-01
11 1.03E+00 1.81 E+01 9.13E+04 6.65E+03 1.23E+07 4.86E-01 9.59E-01 1.07E+03 1.30E+02 1.08E+00 4.60E-01 4.88E+00 3.09E-01
12 6.91E-01 1.81E+01 2.12E+07 1.03 E+04 3.54E+09 3.12E-01 1.63E+00 1.02E+03 9.95E+01 4.82E-01 2.85E-01 3.45E+00 3.03E-01

1995 1 9.66E-01 1.97E+01 5.27E+07 2.05E+04 5.63E+09 1.66E+00 6.15E+00 9.64E+02 6.63E+01 1.06E+00 5.02E-01 4.01 E+00 3.85E-01
2 9.99E-01 2.16E+01 4.81 E+07 3.39E+04 4.42E+09 3.77E-01 1.24E+01 7.11E+02 3.26E+01 7.94E-01 6.33E-01 3.09E+00 2.87E-01
3 1.50E+00 1.83E+01 8.04E+07 2.68E+04 5.56E+09 1.37E+00 4.36E+00 7.14E+02 2-67E+01 1.14E+00 9.66E-01 1.57E+01 3.70E-01
4 1.33E+00 1.78E+01 6.20E+07 2.33E+04 1.58E+09 9.61 E-01 6.57E+00 6.79E+02 6.31E+01 1.58E+00 9.02E-01 1.61E+01 3.34E-01
5 1.65E+00 1.90E+01 4.50E+07 2.42E+04 6.75E+09 6.79E-01 3.36E+00 8.13E+02 6.83E+01 1.20E+00 9.53E-01 1.17E+01 4.14E-01
6 6.56E-01 1.80E+01 4.45E+07 2.76E+04 8.19E+09 6.81 E-01 5.78E+00 8.59E+02 8.15E+01 9.79E-01 3.34E-01 1.02E+00 2.90E-01
7 8.93E-01 1.85E+01 3.48E+07 3.43E+04 5.97E+09 8.16E-01 6.79E+00 9.93E+02 5.65E+01 1.19E+00 4.81 E-01. 5.48E+00 3.60E-01
8 2.75E+00 1.83E+01 3.46E+07 3.30E+04 6.72E+09 1.02E+00 1.51 E+00 1.64E+03 5.51 E+01 1.62E+00 1.80E+00 1.11 E+01 7.78E-01
9 6.83E-01 1.74E+01 5.47E+07 3.37E+04 9.21 E+09 4.33E-01 3.16E+00 1.52E+03 6.69E+01 6.81 E-01 3.35E-01 2.95E+00 2.55E-01

10 6.10E-01 1.82E+01 3.52E+07 3.40E+04 6.67E+09 4.59E-01 9.66E-01 1.57E+03 8.03E+01 6.97E-01 2.69E-01 2.65E+00 2.36E-01
11 6.66E-01 1.77E+01 6.18E+07 3.34 E+04 6.58E+09 5.55E-01 1.92E+00 1.39E+03 7.57E+01 8.54E-01 2.98E-01 3.54 E+00 2.62E-01
12 1.55E+00 1.86E+01 3.06E+07 1.54E+04 5.38E+09 3.76E-01 2.06E+00 1.50E+03 1.18E+02 6.63E-01 7.12E-01 5.51 E+00 6.87E-01

1996 1 1.79E+00 3.29E+01 6.68E+07 2.56E+04 8.51E+09 2.89E+00 5.28E+00 1.24E+03 1.25E+02 3.56E+00 1.39E+00 1.16E+01 5.61 E-01
2 9.82E-01 1.99E+01 6.02E+07 2.69E+04 7.01 E+09 4.40E-01 1.15E+00 1.22E+03 1.27 E+02 7.11E-01 6.59E-01 5.68E+00 3.55E-01
3 1.93E+00 2.42E+01 6.33E+07 3.20E+04 4.90E+09 4.37E-01 2.06E+00 1.18E+03 1.48E+02 7.91 E-01 1.19E+00 8.29E+00 5.14E-01
4 2.08E+00 2.46E+01 1.02E+06 1.04 E+04 0.00E+00 1.89E+00 2.08E+01 2.31E+03 1.76E+02 3.98E+00 1.10E+00 3.90E+00 1.10E+00
5 1.05E+00 3.72E+00 1.70E+07 1.40E+04 1.76E+09 1.55E+00 2.34E+01 1.27E+03 2.25E+02 1.75E+00 6.05E-01 9.72E-01 5.80E-01
6 1.03E+00 4.32E+00 3.55E+07 2.15E+04 4.06E+09 1.46E+00 2.24E+01 1.59E+03 1.66E+02 1.85E+00 4.42E-01 2.95E+00 7.45E-01
7 9.27E-01 6.23E+00 3.94E+06 1.09E+04 2.13E+08 1.42E+00 2.88E+01 1.35E+03 2.20E+02 2.05E+00 5.47 E-01 2.96E+00 7.19E-01
6 5.96E-01 3.B5E+00 5.09E+07 2.50E+04 6.54E+09 1.40E+00 2.28E+01 1.58E+03 1.13E+02 1.36E+00 2.75E-01 1.56E+00 5.76E-01
9 6.83E-01 3.13E+00 6.93E+07 3.19E+04 5.54E+09 '1.38E+00 1.92E+01 1.63E+03 1.24E+02 1.27E+00 3.65E-01 1.29E+00 4.59E-01

10 8.54E-01 3.01 E+00 4.47E+07 2.65E+04 4.04E+09 1.96E+00 4.92E+00 1.32E+03 1.52E+02 7.80E-01 3.87E-01 8.45E+00 6.11 E-01
11 9.25E-01 3.13E+00 4.28E+07 2.24E+04 5.18E+09 1.99E+00 6.60E+00 1.66E+03 1.58E+02 6.81 E-01 3.41 E-01 1.58E+00 6.50E-01
12 1.57E+00 5.08E+00 6.47E+07 3.68E+04 6.80E+09 2.51 E+00 4.35E+00 1.50E+03 2.03E+02 9.45E-01 9.77E-01 6.39E+00 9.59E-01

1997 1 1.11E+00 6.38E+00 6.12E+04 6.60E+03 7.10E+06 3.27E+00 9.08E+0Q 1.08E+03 1.34E+02 1.21E+00 4.65E-01 9.68E+00 1.09E+00
2 1.11E+00 6.74E+00 1.39E+04 4.45E+03 5.60E+06 2.22E+00 4.48E+00 9.79E+02 1.63E+02 1.26E+00 5.27E-01 3.20E+00 8.97E-01
3 1.78E+00 6.21 E+00 1 .73E+04 4.61E+03 6.30E+06 3.42E+00 7.33E+00 8.10E+02 1.97E+02 1.24E+00 7.57 E-01 5.69E+00 1.12E+00
4 1.03E+00 3.50E+00 1.88E+04 3.88E+03 6.00E+06 2.60E+00 3.43E+00 6.44E+02 2.01 E+02 6.62E-01 3.30E-01 O.OOE+OO 7.45E-01
5 7.42E-01 5.06E+00 1.40E+04 3.65E+03 3.70E+06 1.99E+00 3.43E+00 5.91 E+02 2.24E+02 6.42E-01 3.22E-01 2.56E+00 8.71 E-01
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6 1.22E+00 6.81E+00 2.34E+04 3.27E+03 3.50E+06 1.12E+00 3.41 E+00 6.51 E+02 2.91 E+02 4.33E+00 8.05E-01 1.10E+00 9.59E-01

7 1.59E+00 6.85E+00 2.54E+04 4.01 E+03 2.00E+06 1.09E+00 3.15E+00 6.70E+02 2.36E+02 2.56 E+00 7.57E-01 3.54 E+00 9.03E-01

8 2.43E+00 2.29E+01 2.42E+06 3.88E+03 3.67E+07 1.68E+00 3.45E+00 6.61 E+02 2.80E+02 2.23E+00 1.15E+00 6.76E+00 1.23E+00

9 1.19E+00 1.10E+01 1.61E+07 1.23E+04 3.74E+09 2.21 E+OO 4.99E+00 6.99E+02 1.84E+02 1.69E+00 4.68E-01 8.06E-01 8.42E-01
10 1.08E+00 6.79E+00 2.07E+07 1.76E+04 4.07E+09 6.91 E-01 3.27E+00 8.70E+02 1.91 E+02 1.18E+00 4.83E-01 2.17E+00 6.49E-01
11 8.21 E-01 7.06E+00 5.56E+07 3.37E+04 6.82E+09 8.01 E-01 3.23E+00 8.94E+02 1.52E+02 1.45E+00 3.80E-01 2.56E+00 6.75E-01

12 2.00E+00 1.10E+01 5.52E+07 3.56E+04 6.75E+09 1.59E+00 5.09E+00 7.55E+02 1.28E+02 3.36E+00 9.26E-01 1.15E+01 9.87E-01
1998 1 9.34E-01 7.73E+00 5.12E+07 3.70E+04 6.84E+09 1.91 E+00 3.35E+00 5.89E+02 1.58E+02 1.45E+00 4.13E-01 3.90E+00 6.95E-01

2 1.32E+00 7.76E+00 1.76E+07 2.90E+05 2.05E+09 9.08E-01 3.59E+00 5.91 E+02 2.19E+02 1.29E+00 4.70E-01 3.57E+00 8.72E-01
3 9.32E-01 6.41 E+00 4.01 E+07 4.39E+05 5.64E+09 4.90E-01 4.22E+00 1.59E+03 2.66E+02 9.67E-01 5.51 E-01 1.37E+00 7.66E-01
4 8.55E-01 3.75E+00 3.35E+07 2.79E+05 3.71 E+09 5.35E-01 3.50E+00 1.11 E+03 1.89E+02 6.88E-01 5.18E-01 1.53E+00 6.22E-01
5 6.42E-01 4.68E+00 3.36E+07 2.10E+05 5.20E+09 6.22E-01 3.56E+00 1.20E+03 2.66E+02 8.01 E-01 3.43E-01 2.64E+00 6.90E-01
6 8.26E-01 4.95E+00 3.48E+07 2.90E+05 5.58E+09 1.04 E+00 4.15E+00 1.14E+03 3.01 E+02 1.17E+00 3.35E-01 O.OOE+OO 8.37E-01
7 1.07 E+00 1.14E+01 1.49E+07 1.83E+05 3.57E+09 1.90E+00 5.75E+00 1.21 E+03 3.71 E+02 1.66E+00 4.08E-01 0.00E+00 9.93E-01
8 3.96E+00 3.48E+00 8.87E+04 1.17E+05 4.00E+06 5.04E-01 3.03E+00 1.03E+03 3.54E+02 6.68E-01 2.99E+00 7.26E+01 1.10E+00
9 7.62E-01 4.96E+00 1.80E+04 8.23E+04 4.50E+06 5.17E-01 4.63E+00 1.08E+03 2.57E+02 7.05E-01 3.03E-01 0.00E+00 9.06E-01

10 1.09E+00 8.00E+00 1.27E+04 8.74E+04 4.30E+06 5.99E-01 4.75E+00 1.08E+03 1.85E+02 1.04 E+00 2.79E-01 0.00E+00 9.89E-01
11 7.60E-01 6.56E+00 5.09E+06 7.48E+04 6.42E+08 3.09E-01 5.20E+00 1.00E+03 2.18E+02 8.49E-01 2.09E-01 0.00E+00 1.11 E+00
12 9.69E-01 5.93E+00 4.40E+06 8.51 E+04 7.50E+08 4.02E-01 5.66E+00 7.87E+02 2.08E+02 1.01 E+00 2.75E-01 2.20E+00 1.28E+00

1999 1 5.38E-01 2.85E+00 2.46E+07 1.02E+05 3.91 E+09 3.11 E-01 3.89E+00 8.11 E+02 2.42E+02 6.74E-01 1.16E-01 1.33E-01 5.39E-01
2 5.96E-01 2.63E+00 2.97E+07 1.15E+05 3.81E+09 5.69E-01 2.40E+00 8.12E+02 2,91 E+02 6.33E-01 1.54E-01 1.31 E+00 4.35E-01
3 5.46E-01 4.21 E+00 2.74E+07 3.50E+05 4.23E+09 6.68E-01 2.52E+00 9.49E+02 2.48E+02 6.64E-01 1.98E-01 1.17E+00 6.08E-01
4 1.11 E+00 4.86E+00 1.92E+07 1.05E+05 3.13E+09 1.15E+00 2.09E+00 8.52E+02 2.76E+02 1.41 E+00 5.34 E-01 4.38E+00 5.58E-01
5 5.41 E-01 4.37E+00 5.65E+06 1.35E+05 1.39E+09 4.28E-01 2.01 E+00 8.86E+02 3.35E+02 7.81E-01 2.21 E-01 1.65E+00 6.35E-01
6 4.60 E-01 2.47E+00 1.37E+07 1.39E+05 1.77E+09 1.74E-01 1.76E+00 9.15E+02 3.07E+02 6.41 E-01 8.23E-02 O.OOE+OO 4.15E-01
7 3.94 E-01 2.72E+00 1.63E+07 1.93E+05 2.34E+09 2.08E-01 2.15E+00 1.35E+03 4.15E+02 8.58E-01 9.07E-02 O.OOE+OO 4.35E-01
8 3.49E-01 3.04E+00 6.48E+06 1.27E+05 1.15E+09 1.93E-01 2.06E+00 1.28E+03 4.14E+02 1.05E+00 1.29E-01 5.91 E-01 5.34E-01
9 4.94E-01 4.52E+00 3.43E+07 2.87E+05 3.39E+09 1.05E-01 3.19E+00 1.35E+03 4.26E+02 5.45E-01 1.00E-01 6.35E-01 4.80E-01

10 1.40E+00 6.55E+01 3.31 E+07 3.12E+05 4.23E+09 2.05E+00 4.55E+01 1.37E+03 3.25E+02 3.49E+00 5.46E-01 1.15E+01 1.53E+00
11 4.73E-01 2.97 E+00 1.10E+07 1.36E+05 1.07E+09 1.15E-01 2.61 E+00 1.03E+03 3.16E+02 5.98E-01 1.08E-01 O.OOE+OO 6.23E-01
12 3.87E-01 5.31E+00 1.43E+07 1.89E+05 2.77E+09 6.48E-02 2.05E+00 1.01 E+03 2.53E+02 3.89E-01 1.31 E-01 O.OOE+OO 4.43E-01

2000 1 4.28E-01 2.64E+00 1.02E+07 1.21E+05 1.03E+09 8.65E-02 2.01 E+00 7.89E+02 2.32E+02 3.81 E-01 7.88E-02 O.OOE+OO 3.11E-01
2 3.31 E-01 2.11 E+00 1.95E+07 2.79E+05 1.57E+09 7.12E-02 1.86E+00 7.49E+02 2.69E+02 5.13E-01 7.89E-02 O.OOE+OO 2.88E-01
3 3.54E-01 2.96E+00 2.76E+07 1.41E+05 1.97E+09 1.36E-01 2.00E+00 7.30E+02 2.84E+02 3.12E-01 9.18E-02 O.OOE+OO 3.75E-01
4 4.58E-01 3.60E+00 3.80E+07 3.50E+05 2.47E+09 1.25E-01 2.21 E+00 8.63E+02 2.47E+02 5.23E-01 1.37E-01 O.OOE+OO 4.27E-01
5 5.60E-01 2.97E+00 2.91 E+07 1.82E+05 2.41 E+09 2.40E-01 2.90E+00 8.39E+02 2.80E+02 6.55E-01 1.43E-01 O.OOE+OO 5.73E-01
6 4.86E-01 2.84 E+00 1.78E+07 2.88E+05 1.28E+09 1.21 E-01 2.22E+00 1.10E+03 2.01 E+02 4.39E-01 1.33E-01 O.OOE+OO 4.42E-01
7 3.58E-01 4.15E+00 1.31 E+07 1.49E+05 1.09E+09 1.12E-01 2.39E+00 8.70E+02 1.22E+02 5.68E-01 1.21E-01 O.OOE+OO 6.16E-01
6 4.84E-01 4.59E+00 2.62E+07 2.30E+05 1.94E+09 2.19E-01 2.63E+00 1.07E+03 1.20E+02 6.91 E-01 1.21 E-01 O.OOE+OO 5.40E-01
9 4.16E-01 3.33E+00 8.96E+06 1.71E+05 6.33E+08 1.35E-01 2.74E+00 9.99E+02 1.35E+02 5.32E-01 9.68E-02 O.OOE+OO 4.73E-01
10 6.41 E-01 1.47 E+01 7.78E+03 7.02E+04 O.OOE+OO 1.05E+00 8.19E+00 9.55E+02 1.82E+02 2.54E+00 4.26E-01 6.53 E+00 5.50E-01
11 3.00E-01 3.13E+00 8.33E+03 4.95E+04 O.OOE+OO 2.50E-01 2.07E+00 8.78E+02 2.28E+02 4.02E-01 8.48E-02 O.OOE+OO 3.10E-01
12 3.03E-01 2.07E+00 5.77E+06 6.35E+04 6.61 E+08 7.78E-02 3.80E+00 7.58E+02 3.92E+02 3.93E-01 8.02E-02 O.OOE+OO 3.72E-01

Total 2000 5.12E+00 4.91E+01 1.96E+08 2.09E+06 1.51E+10 2.62E+00 3.50E+01 1.06E+04 2.69E+03 7.95E+00 1.59E+00 6.53E+00 5.28E+00
2001 . 1 3.35E-01 2.15E+00 1.99E+07 1.17E+05 2.21E+09 6.22E-02 2.70E+00 1.04 E+03 5.50E+02 4.46E-01 7.51 E-02 O.OOE+OO 4.48E-01

2 2.71 E-01 2.38E+00 4.84E+06 5.31 E+04 4.77E+08 1.14E-01 2.58E+00 5.56 E+02 4.12E+02 4.28E-01 1.20E-01 O.OOE+OO 4.22E-01
3 3.10E-01 2.23E+00 9.22E+05 4.70E+04 1.26E+08 7.08E-02 2.07E+00 5.46E+02 4.62E+02 4.99E-01 1.40 E-01 1.30E+00 3.87E-01
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4 3.17E-01 2.12E+00 2.72E+04 4.12E+04 9.30E-02 2.74E+00 3.23E+02 3.51 E+02 3.80E-01 1.39E-01 0.00E+00 3.63E-01
5 3.01E-01 2.34E+00 2.26E+07 1.57E+04 2.40E+09 6.54E-02 1.98E+00 3.27E+02 4.05E+01 3.87 E-01 9.14E-02 0.00E+00 4.46E-01
6 3.30E-01 2.18E+00 1.67E+07 1.91 E+04 2.75E+09 1.24E-01 3.42E+00 3.69E+02 1.71E+01 4.03E-01 1.42E-01 0.00E+00 4.15E-01
7 3.46E-01 2.27E+00 3.12E+07 2.62E+04 3.18E+09 6.85E-02 1.96E+00 4.43E+02 4.24E+01 3.24E-01 1.22E-01 0.00E+00 3.57E-01
8 6.41 E-01 2.58E+00 2.83E+07 2.33E+04 2.87E+09 9.69E-02 2.03E+00 5.36E+02 4.88E+01 3.39E-01 5.34E-01 6.29E-01 3.73E-01
9

10 
11 
12

3.35E-01 2.16E+00 1.64E+07 1.53E+04 1.54E+09 8.80E-02 2.39E+00 4.97E+02 1.13E+02 2.85E-01 1.59E-01 O.OOE+OO 2.82E-01

I Total | 2000 I3.19E+00 2.04E+01 1.41E+08 3.58E+05 1.56E+10 7.83E-01 2.19E+01 4.64E+03 2.04E+03 3.49E+00 1.52E+00 1.93E+00 3!49E^0Q
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Table 2: B230 Stack: Historic Monthly Discharges (January 1994 - December 2001)

Year Month Alpha Beta Sr-90 1-131 Cs-137 Pu-Alpha Pu-241 Am -241+Cm 242

MBq MBq MBq MBq MBq MBq MBq MBq

1994 1 4.22E+00 4.33E+01 1.96E+00 1.79E+01 1.48E+00 2.75E+00 3.21 E+01 1.22E+00

2 6.36E+00 3.57E+01 1.61 E+00 1.84E+01 1.57E+00 3.28E+00 2.22E+01 1.45E+00

3 2.05E+01 6.19E+01 1.67E+01 1.35E+01 2.20E+01 1.08E+01 1.16E+02 5.75E+00

4 8.99E+00 3.75E+01 9.76E-01 1.05E+01 2.71 E+00 4.83E+00 3.94E+01 2.64E+00

5 4.02E+01 3.89E+01 2.38E+00 1.91 E+01 6.81 E+00 2.47E+01 1.28E+02 1.16E+01

6 2.62E+00 4.38E+01 2.17E+00 4.57E+01 1.44E+00 1.40E+00 1.69E+01 8.92E-01

7 2.15E+00 6.39E+01 1.11 E+00 2.09E+01 2.04 E+00 9.88E-01 1.50E+01 7.18E-01

8 2.98E+00 6.48E+01 5.26E-01 2.74E+01 2.35E+00 1.65E+00 2.07E+01 8.78E-01

9 3.61 E+00 4.57E+01 4.14E-01 3.86E+01 2.82E+00 2.00E+00 2.19E+01 1.27E+00
10 6.62E+00 3.70E+01 1.53 E+00 1.31 E+01 2.92E+00 3.34E+00 3.29E+01 1.55E+00
11 4.94E+00 3.38E+01 4.67 E-01 1.10E+01 1.37E+00 3.09E+00 4.33E+01 1.02E+00
12 6.44E+00 3.25E+01 9.69E-01 1.04 E+01 2.16E+00 3.21 E+00 3.15E+01 1.42E+00

1995 1 4.61 E+00 3.45E+01 3.95E-01 1.50 E+01 2.02E+00 2.59E+00 3.37E+01 8.00E-01
2 1.24E+01 2.99E+01 4.03E-01 1.32E+01 1.79E+00 8.94E+00 2.32E+02 8.21 E-01
3 4.90E+00 3.33E+01 2.30E+00 1.34E+01 2.01 E+00 2.57E+00 3.75E+01 8.27E-01
4 3.83E+00 3.25E+01 3.51 E-01 1.33E+01 1.90E+00 1.91 E+00 2.41 E+01 1.08E+00 •
5 3.20E+00 3.42E+01 1.51 E+00 3.24E+01 4.52E+00 1.87E+00 1.87E+01 7.73E-01
6 2 .4 8 E + 0 0 3.19E+01 6.04E-01 3.35E+01 1.65E+00 1.51 E+00 2.09E+01 7.62E-01
7 2.47E+00 3.27E+01 5.58E-01 6.97E+01 1.52E+00 1.31 E+OO 1.59E+01 6.51 E-01
8 7.83E+00 3.42E+01 7.61 E-01 6.13E+01 1.86E+00 4.17E+00 4.43E+01 1.37E+00
9 2.85E+00 3.19E+01 2.29E-01 2.63E+01 1.70E+00 1.70E+00 2.35E+01 8.01 E-01

10 1.97E+00 3.29E+01 4.82E-01 2.82E+01 1.47E+00 1.01 E+00 1.62E+01 6.56E-01
11 1.96E+00 3.31 E+01 3.55E-01 1.48E+01 1.40E+00 1.14E+00 2.26E+01 5.73E-01
12 3.81 E+00 3.41 E+01 4.14E-01 2.36E+01 1.85E+00 2.64E+00 4.94E+01 1.03E+00

1996 1 3.65E+00 3.62E+01 7.00E-01 1.88E+01 1.87E+00 2.19E+00 2.95E+01 7.70E-01
2 2.28E+00 3.36E+01 9.28E-01 8.65E+01 1.75E+00 1.32E+00 1.82E+01 6.51 E-01
3 2.64E+00 3.55E+01 8.44 E-01 6.83E+01 1.59E+00 1.61 E+00 2.26E+01 6.68E-01
4 4.26E+00 2.61 E+01 4.56E+00 1.83E+01 4.76E+00 2.98E+00 3.25E+01 1.67E+00
5 7.02E+00 9.49E+00 7.54E+00 6.68E+01 5.15E+00 5.05E+00 3.83E+01 2.22E+00
6 1.59E+01 1.42E+01 4.69E+00 2.08E+01 5.67E+00 1.10E+01 1.08E+02 5.83E+00
7 1.21 E+01 1.79E+01 4.26E+00 2.04E+01 3.88E+00 9.14E+00 7.43E+01 4.99E+00
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8
9
10
11

_12
1
2
3
4
5
6
7
8
9
10
11
12
1
2
3
4
5
6

'7
8
9
10
11
12

1.71 E+01 9.86E+00 6.76E-01 4.21 E+01 6.31 E+00 1.33E+01 8.29E+01 5.30E+00

2.00E+01 9.95E+00 4.77E-01 7.71 E+00 6.41 E+00 1.35E+01 1.10E+02 6.97E+00

1.00E+01 8.51 E+00 1.10E+00 1.03E+01 6.11 E+00 7.14E+00 5.91 E+01 3.47E+00

2.23E+01 2.32E+01 3.24E+00 1.24E+01 1.13E+01 1.32E+01 1.26E+02 8.40E+00
1.01 E+01 1.86E+01 3.14E+00 1.95E+01 8.79E+00 6.95E+00 2.41 E+01 2.77E+00
4.25E+00 9.75E+00 1.00E+00 7.43E+00 2.89E+00 2.68E+01 1.78E+00
4.42E+00 1.04E+01 8.40E-01 5.74E+00 2.30E+00 1.28E+01 1.75E+00
1.91 E+00 1.21 E+01 5.39E-01 5.60E+00 1.00 E+00 6.00E+00 1.54E+00
2.07E+00 6.62E+00 4.80E-01 5.34E+00 8.00E-01 3.78E+00 1.47E+00
3.79E+00 1.54E+01 6.16E-01 4.72E+00 2.11 E+00 6.66E+00 1.91 E+00
4.19E+00 1.24E+01 6.44 E-01 6.41 E+00 2.69E+00 8.64E+00 1.61 E+00
1.53E+01 1.43E+01 1.74E+00 7.15E+00 1.05E+01 5.83E+01 4.69E+00

7.08E+00 1.08E+01 7.18E-01 5.14E+00 4.10E+00 3.16E+01 3.34E+00
8.18E+00 1.37E+01 4.72E-01 3.66E+00 5.00E+00 4.35E+01 3.09E+00
5.22E+00 1.15E+01 7.41 E-01 5.68E+00 3.10E+00 2.63E+01 2.45E+00
5.39E+00 1.23E+01 5.34E-01 3.10E+00 3.23E+00 2.94E+01 2.61 E+00
2.40E+00 9.21 E+00 1.05E+00 1.90E+00 1.47E+00 4.31 E+00 1.93E+00
7.70E+00 1.21 E+01 1.22E+00 2.31 E+00 4.51 E+00 3.58E+01 3.14E+00
2.62E+00 1.04E+01 6.20E-01 1.14E+00 1.60E+00 9.43E+00 1.61 E+00
2.23E+00 1.03E+01 8.04E-01 2.44 E+00 1.22E+00 3.31 E+00 1.82E+00
7.69E+00 1.03E+01 1.04 E+00 2.17E+00 4.25E+00 1.82 E+01 2.46E+00
1.81 E+01 1.77E+01 2.36E+00 4.05E+00 9.91 E+00 5.35E+01 4.24E+00
2 .3 9E + 00 1.35E+01 1.41 E+00 2.18E+00 1.25E+00 2.41 E+00 1.44E+00
3.21 E+00 1.32E+01 1.22E+00 2.58E+00 1.70E+00 1.01 E+01 1.5 2 E+ 0 0
1.80E+00 1.09E+01 1.37E+00 1.53E+00 8.64E-01 1.98E+00 1.07E+00
2.90E+00 1.37E+01 9.67E-01 1.64E+00 1.42E+00 1.22E+01 1.24E+00
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Schedule 1

Year Month Alpha Beta H-3 C-14 Kr-85 Sr-90 Ru-106 1-129 1-131 Cs-137 Pu-Alpha Pu-241 Am-241+Cm242
MBq MBq MBq MBq MBq MBq MBq MBq MBq MBq MBq MBq MBq

1994 1 6.81E+00 6.68E+01 1.78E+07 2.11E+05 1.85E+09 3.42E+00 2.07E+00 4.04E+03 1.91 E+02 3.40 E+00 4.55E+00 5.52E+01 1.86E+00
2 8.78E+00 7.15E+01 5.02E+07 5.97E+04 4.09E+09 3.97E+00 1.99E+00 1.70E+03 1.92E+02 4.44E+00 5.16E+00 3.31 E+01 2.08E+00
3 2.21E+01 1.02E+02 1 .OOE+OS 8.38E+04 4.94E+09 2.10E+01 2.47E+01 2.38E+03 2.04E+02 2.44E+01 1.18E+01 1.32E+02 6.14E+00
4 1.23E+01 5.88E+01 5.87E+07 4.33 E+04 3.84E+09 2.19E+00 2.41 E+00 1.35E+03 1.43E+02 4.76E+00 6.76E+00 5.77E+01 3.73E+00
5 4.46E+01 2.01 E+02 9.29E+07 6.16E+04 3.52E+09 1.62E+01 6.65E+01 9.42E+02 1.09E+02 3.35E+01 2.81 E+01 1.41 E+02 1.27E+01
6 3.40E+00 6.39E+01 6.73E+07 3.81E+04 3.39E+09 2.57E+00 2.62E+00 1.07E+03 1.16E+02 2.94E+00 1.88E+00 2.00E+01 1.39E+00
7 2.74E+00 9.89E+01 8.40E+07 3.36E+04 5.24E+09 1.93E+00 3.78E+00 1.39E+03 1.18E+02 3.28E+00 1.27E+00 1.81 E+01 1.02E+00
e 3.78E+00 8.90E+01 4.58E+07 3.21 E+04 4.57E+09 2.28E+00 2.80E+00 1.42E+03 9.36E+01 3.33E+00 1.98E+00 2.56E+01 1.16E+00
9 4.86E+00 6.61E+01 6.44E+06 1.09E+04 5.46E+08 9.79E-01 1.70E+00 1.24E+03 1.05E+02 3.94E+00 2.54E+00 2.77E+01 1.69E+00
10 7.59E+00 5.87E+01 6.91 E+04 6.67E+03 1.B9E+07 2.71 E+00 1.44E+00 9.20E+02 1.01 E+02 4.34E+00 3.75E+00 3.64E+01 1 93E+00
11 5.97E+00 5.19E+01 9.13E+04 6.65E+03 1.23E+07 9.53E-01 9.59E-01 1.07E+03 1.41 E+02 2.45E+00 3.55E+00 4.82E+01- 1.33E+00
12 7.13E+00 5.0GE+01 2.12E+07 1.03E+04 3.54E+09 1.28E+00 1.63E+00 1.02E+03 1.10E+02 2.64E+00 3.50E+00 3.50E+01 1.72E+00

Total 1994 1.30E+021 9.80E+021 5.45E+08 5.98E+05I 3.56E+10I 5.95E+0111.13E+02 1.85E+04 1.62E+03 9.34E+01 7.48E+01 6.30E+02 3.68E+01
1995 1 5.58E+00 5.42E+01 5.27E+07 2.05E+04 5.63E+09 2.06E+00 6.15E+00 9.64E+02 B.13E+01 3.08E+00 3.09E+00 3.77E+01 1.18E+00

2 1.34E+01 5.16E+01 4.81E+07 3.39E+04 4.42E+09 7.81 E-01 1.24E+01 7.11 E+02 4.58E+01 2.5BE+00 9.58E+00 2.35E+02 1.11 E+00
3 6.40E+00 5.16E+01 8.04E+07 2.68E+04 5.56 E+09 3.67E+00 4.36E+00 7.14E+02 4.01E+01 3.15E+00 3.54E+00 5.32E+01 1.20E+00
4 5.16E+00 5.03E+01 6.20E+07 2.33E+04 1.58E+09 1.31E+00 6.57E+00 6.79E+02 7.64E+01 3.48E+00 2.82E+00 4.02E+01 1.41 E+00
5 4.85E+00 5.32E+01 4.50E+07 2.42E+04 6.75E+09 2.19E+00 3.36E+00 8.13E+02 1.01E+02 5.71 E+00 2.83E+00 3.04E+01 1.19E+00
6 3.13E+00 5.00E+01 4.45E+07 2.76E+04 8.19E+09 1.28E+00 5.78E+00 8.59E+02 1.15E+02 2.63E+00 1.85E+00 2.19E+01 1.05E+00
7 3.36E+00 5.12E+01 3.48E+07 3.43E+04 5.97E+09 1.37E+00 6.79E+00 9.93E+02 1.26E+02 2.72E+00 1.79E+00 2.14E+01 1,01 E+00
8 1.06E+01 5.25E+01 3.46E+07 3.30E+04 6.72E+09 1.78E+00 1.51E+00 1.64E+03 1.16E+02 3.47E+00 5.97E+00 5.54E+01 2.15E+00
9 3.53E+00 4.92E+01 5.47E+07 3.37E+04 9.21 E+09 6.62E-01 3.1GE+00 1.52E+03 9.32E+01 2.38E+00 2.04E+00 2.65E+01 1.06E+00
10 2.58E+00 S. 11 E+01 3.52E+07 3.40E+04 6.67E+09 9.41E-01 9.66E-01 1.57E+03 1.08E+02 2.17E+00 1.28E+00 1.88E+01 8.92E-01
11 2.63E+00 5.08E+01 6.18E+07 3.34E+04 6.58E+09 9.10E-01 1.92E+00 1.39E+03 9.05E+01 2.26E+00 1.44 E+00 2.61E+01 8.35E-01
12 5.36E+00 5.27E+01 3.06E+07 1.54E+04 5.38 E+09 7.91 E-01 2.06 E+00 1.50E+03 1.42E+02 2.51 E+00 3.35E+00 5.49E+01 1.72E+00

Total 1995 6.66E+01 6.1BE+02 5.84E+08 3.40E+05 7.26E+1011.78E+011 5.51E+0111.33E+04 1.14E+03 3.61E+01 3.96E+011 6.21 E+02 1.48E+01
1996 1 5.45E+00 6.91E+01 6.68E+07 2.56E+04 8.51 E+09 3.59E+00 5.28E+00 1.24E+03 1.44E+02 5.43 E+00 3.58E+00 4.11E+01 1.33E+00

2 3.26E+00 5.35E+01 6.02E+07 2.69E+04 7.01 E+09 1.37E+00 1.15E+00 1.22E+03 2.14E+02 2.46E+00 1.9BE+00 2.39E+01 1.01 E+00
3 4.57E+00 5.97E+01 6.33E+07 3.20E+04 4.90E+09 1.28E+00 2.06E+00 1.18E+03 2.16E+02 2.38E+00 2.80E+00 3.08E+01 1.18E+00
4 6.34E+00 5.07E+01 1.02E+06 1.04E+04 O.OOE+OO 6.46E+00 2.08E+01 2.31 E+03 1.94E+02 8.73E+00 4.07E+00 3.64E+01 2.776+00
5 8.08E+00 1.32E+01 1.70E+07 V40E+04 1.76E+09 9.10E+00 2.34E+01 1.27E+03 2.92E+02 6.91 E+00 5.6SE+00 3.93E+01 2.80E+00
6 1.69E+01 1.85E+01 3.55E+07 2.15E+04 4.06E+09 6.15E+00 2.24E+01 1.59E+03 1.86E+02 7.52E+00 1.14E+01 1.11E+02 6.57E+00
7 1.31E+01 2.41E+Q1 3.94E+06 1.09E+04 2.13E+08 5.6BE+00 2.88E+01 1.35E+03 2.40E+02 5.92 E+00 9.69E+00 7.73E+01 5.71 E+00
8 7.68E+00 1.5OE+01 5.09E+07 2.50E+04 6.54 E+09 5.83E+00 2.28E+01 1.58E+03 1.34E+02 9.95E+00 4.59E+00 4.01E+01 3.22E+00
9 8.62E+00 1.97E+01 6.93E+07 3.19E+04 5.54E+09 5.82E+00 1.92E+01 1.63E+03 1.33E+02 7.00E+00 4.81E+00 4.17E+01 3.01 E+00
10 7.32E+00 1.23E+01 4.47E+07 2.65E+04 4.04E+09 6.B2E+00 4.92E+00 1.32E+03 1.67E+02 5.04 E+00 3.78E+00 4.62E+01 3.30E+00
n 3.57E+00 1.09E+01 4.28E+07 2.24E+04 5.10 E+09 6.23E+00 6.60E+00 1.66E+03 1.68E+02 5.33 E+00 1.79E+00 1.95E+01 2.11 E+00
12 4.18E+00 1.70E+01 6.47E+07 3.68E+04 6.80E+09 7.00E+00 4.35E+00 1.50E+03 2.19E+02 9.42E+00 2.56E+00 2.42E+01 2.67E+00

Total 1996 8.90E+011 3.64E+02I 5.20E+08 2.84E+051 5.45E+10| 6.51E+01 j 1 62E+0211.79E+041 2.31E+031 7.61 E+0115.68E+011 5.32E+02 3.S7E+01
1997 1 3.48E+00 1.42E+01 6.12E+04 6.60E+03 7.10E+06 7.44E+00 9.08E+00 1.08E+03 1.77E+02 6.73E+00 2.20E+00 3.50E+01 2.83E+00

2 5.26E+00 1.35E+01 1.39 E+04 4.45E+03 5.60E+06 5.84E+00 4.48E+00 9.79E+02 2.03E+02 7.23E+00 3.42E+00 3.11E+01 2.69E+00
3 1.74E+01 1.39E+01 1.73E+04 4.61 E+03 6.30E+06 7.97E+00 7.33E+00 8.10E+02 2.10E+02 5.67E+00 1.28E+01 1.27E+02 5.84E+00
A 9.09E+00 1.55E+01 1.88E+04 3.88 E+03 6.00E+06 9.48E+00 3.43E+00 6.44E+02 2.16E+02 4.49E+00 5.60E+00 4.35E+01 2.92E+00
5 2.02E+01 1.58E+01 1.40E+04 3.65E+03 3.70E+06 8.14E+00 3.43E+00 5.91E+02 2.38E+02 6.82E+00 1.25E+01 9.84E+01 6.43E+00
6 1.04E+01 1.67E+01 2.34 E+04 3.27E+03 3.50E+06 1.99E+00 3.41E+00 6.51 E+02 3.02E+02 9.20E+00 6.63E+00 3.87E+01 4.46E+00
7 1.06E+01 1.51E+01 2.54E+04 4.01E+03 2.00E+06 1.66E+00 3.15E+00 6.70E+02 2.46E+02 7.36E+00 6.82E+00 4.38E+01 3.75E+00
8 1.41E+01 3.32E+01 2.42E+06 3.88E+03 3.67E+07 2.50E+00 3.45E+00 6.61E+02 2.90E+02 6.54E+00 9.83E+00 6.48E+01 5.05E+00
9 2.07E+01 2.32E+01 1.61 E+07 1.23E+04 3.74E+09 4.09E+00 4.99E+00 6.99E+02 2.00E+02 6.71E+00 1.36E+01 9.92E+01 5.62E+00
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Total 2001 5.19E+Q1 I 1 .33E+02| 1.41E+08 | 3.74E+051 1.56E-H 01 1.21E+011 2.64E+01 | 4.99E*031 2.09E+031 2.40E+01 1 2-63E+01 j 1.49E+02| 2.22E+01
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Table 3: B6 Cell Vent Stack: Historic Monthly Discharges (January 1994 - December 2001)

Year Month Alpha Beta Sr-90 1-129 1-131 Cs-137 Pu-Alpha Pu-241 Am -241+Cm 242
MBq MBq MB_q___ MBq MBq MBq MBq MBq MBq

1994 1 6.77E+00 4.99E+01 2.23E+00 2.71 E+02 5.68E+00 3.11 E+00 5.68E+00 7.30E+01 1.03E+00
2 4.05E+00 4.62E+01 4.57E+00 5.54E+02 4.47E+00 3.62E+00 5.23E+00 5.56E+01 8.02 E-01

3 1.84E+00 7.93E+01 9.07E+00 5.77E+02 5.38E+00 4.34E+00 2.03E+00 1.87E+01 7.87E-01
4 4.93E+00 4.61 E+01 7.30E-01 3.76E+02 4.29E+00 3.06E+00 5.36E+00 4.93E+01 6.64E-01
5 1.09E+00 4.59 E+01 3.82E-01 7.90E+02 9.55E+00 1.87E+00 1.58E+00 1.23E+01 5.49E-01
6 1.59 E+00 7.35E+01 4.28E-01 4.04 E+02 5.06E+00 1.78E+00 2.66E+00 1.90E+01 6.08E-01
7 1.46E+00 4.47E+01 1.77E+00 3.75E+02 3.79E+00 2.64E+00 1.40E+00 1.15E+01 5.71 E-01
8 8.76E-01 4.50E+01 2.02E+00 4.32E+02 3.48E+00 2.85E+00 1.00E+00 7.28E+00 5.75E-01
9 1.19E+00 4.32E+01 1.70E+00 4.41 E+02 2.26E+00 2.58E+00 9.89E-01 1.05E+01 7.22E-01

10 1.50E+00 8.64E+01 2.48E+00 1.97E+02 3.90E+00 3.78E+00 1.43E+00 1.32E+01 1.89E+00
11 2.04E+00 4.05E+01 2.17E+00 1.24E+02 2.72E+00 3.35E+00 1.81 E+00 2.09E+01 1.62E+00
12 1.61E+00 3.94E+01 1.75E+00 1.68E+02 2.63E+00 2.91 E+00 9.39E-01 1.31 E+01 1.95E+00

1995 1 1.24E+00 4.79E+01 1.76E+00 2.30E+02 3.34E+00 3.85E+00 8.81 E-01 5.57E+00 1.21 E+00
2 1.15E+00 3.60E+01 1.83E+00 2.69E+02 2.83E+00 2.70E+00 6.55E-01 8.90E+00 1.53E+00
3 3.22E+00 3.93E+01 3.21 E+00 2.27E+02 3.04E+00 6.44E+00 1.81 E+00 2.69E+01 2.45E+00
4 1.99E+00 4.48E+01 2.81 E+00 2.36E+02 3.44E+00 4.42E+00 1.05E+00 1.87E+01 1.16E+00
5 1.50E+00 4.07E+01 1.78E+00 3.16E+02 3.13E+00 3.53E+00 1.06E+00 9.51 E+00 1.70E+00
6 6.44E-01 3.80E+01 1.69E+00 3 .08E+02 5.73E+00 2 .9 3E + 00 6.0 4E -01 0 .0 0 E + 0 0 8.5 8E -01
7 7.85E-01 6.08E+01 1.75E+00 3 .18E+02 3 .1 8E + 00 4 .2 0E + 00 6.0 2E -01 2 .9 9 E + 0 0 7.0 2E -01

8 2.38E+00 3.98E+01 1.92E+00 3.90E+02 3.73E+00 3.62E+00 1.81 E+00 2.70E+01 1.54E+00
9 7.65E-01 3.79E+01 1.93E+00 2.05E+02 2.89E+00 3.00E+00 4.94E-01 2.61 E+00 7.68E-01
10 9.65E-01 3.96E+01 1.83 E+00 2.33E+02 2.67E+00 3.75E+00 4.78E-01 2.77E+00 8 .9 6E -01
11 7.49E-01 3.78E+01 1.56 E+00 1.82 E+02 2.79E+00 3.04E+00 4.96E-01 3.83E+00 7.64E-01
12 1.19E+00 3.99E+01 1.70E+00 1.59E+02 3.77E+00 4.51 E+00 1.08E+00 1.85E+01 7.86E-01

1996 1 1.14E+00 3.43E+01 1.92E+00 1.64E+02 3.23E+00 2.86E+00 9.25E-01 6.24E+00 8.50E-01
2 1.34E+00 3.78E+01 1.59E+00 1.62E+02 3.04E+00 2.85E+00 1.02E+00 8.02E+00 1.00E+00
3 8.57E-01 3.89E+01 1.74E+00 1.45E+02 2.91 E+00 4.10E+00 9.16E-01 1.33E+01 8.04E-01
4 7.49E-02 4.56E+00 2.71E-01 5.68E+01 8.22E+00 3.97E-01 8.32E-02 3.31 E-01 9.55E-02
5 7.37E-02 6.08E-01 2.62E-01 5.79E+01 1.08E+00 4.53E-01 8.26E-02 7.55E-02 1.15E-01
6 2.40E-01 5.36E-01 2.49E-01 8.06E+01 1.12E+00 5.67E-01 2.07E-01 2.10E+00 1.61 E-01
7 9.48E-02 8.38E-01 2.32E-01 5.63E+01 9.86E-01 4.38E-01 7.01 E-02 0.00E+00 1.48E-01
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8 1.18E-01 5.97E-01 2.40 E-01 6.47E+01 1.12E+00 4.49E-01 9.52 E-02 4.30E-01 1.59E-01
9 1.96E-01 4.87E-01 2.69 E-01 4.85E+01 1.18E+00 5.80E-01 1.74E-01 1.21E+00 1.76E-01
10 1.47E-01 7.24E-01 4.35E-01 5.60E+01 1.10E+00 7.13E-01 1.11 E-01 4.85E-01 2.20E-01
11 8.24E-02 3.78E-01 2.73E-01 3.48E+01 8.89E-01 5.73E-01 6.65E-02 1.95E-01 1.07E-01
12 2.06E-01 7.09 E-01 3.54E-01 1.05E+02 2.94E+00 7.96E-01 1.41 E-01 8.32E-01 2.01 E-01

1997 1 1.89E-01 8.61 E-01 2.36E-01 5.24E+01 1.40E+00 4.44 E-01 2.50E-01 3.01 E+00 1.50E-01
2 1.13E-01 4.98E-01 2.44 E-01 3.15E+01 9.83E-01 4.97E-01 9.25E-02 5.59E-01 1.35E-01
3 7.39E-02 3.54E-01 2.49E-01 2.76E+01 9.10E-01 4.66 E-01 7.05E-02 1.90E-01 1.27E-01
4 7.09E-02 3.86E-01 2.50E-01 2.85E+01 9.50E-01 4.62 E-01 6.28E-02 0.00E+00 2.55E-01
5 6.82E-02 3.59 E-01 2.78E-01 3.42E+01 1.04E+00 3.93E-01 5.76E-02 0.00E+00 1.76E-01
6 8.99E-02 1.23E+00 2.29E-01 2.82E+01 8.47 E-01 9.24E-01 6.86E-02 3.17E-01 3.40E-01
7 7.20E-02 5.78E-01 2.11 E-01 2.82E+01 8.66 E-01 4.71 E-01 6.21 E-02 6.17E-01 1.30E-01
8 9.15E-02 5.83E-01 2.06E-01 4.33E+01 8.92E-01 3.79E-01 5.03E-02 0.00E+00 1.35E-01
9 5.24E-02 3.73E-01 2.11 E-01 3.38E+01 9.60E-01 4.57E-01 5.15E-02 0.00E+00 1.33E-01
10 7.05E-02 4.23E-01 1.93E-01 4.00E+01 1.34E+00 3.93E-01 6.48E-02 3.25E-01 2.12E-01
11 5.72E-02 3.57E-01 2.16E-01 3.32E+01 1.03E+00 3.83E-01 3.90E-02 1.50E-02 1.65E-01
12 7.62E-02 3.70E-01 2.33E-01 3.32E+01 1.53E+00 3.73E-01 4.71 E-02 3.60E-01 1.91 E-01

1998 1 1.04E-01 4.23E-01 2.42E-01 4.43E+01 2.55E+00 4.68E-01 7.37E-02 4.81 E-01 1.91 E-01
2 7.13E-02 3.81 E-01 1.95E-01 2.43E+01 4.44E+00 3.96E-01 4.56E-02 1.69E-01 2.00E-01
3 5.80 E-02 5.09E-01 2.47E-01 3.37E+01 1.15E+00 4.78E-01 4.95 E-02 O.OOE+OO 2.06E-01
4 5.52E-02 3.88E-01 2.22E-01 2.65E+01 1.58E+00 4.41 E-01 6.21 E-02 0.00E+00 2.69E-01
5 6.31 E-02 3.86E-01 2.15E-01 2.53E+01 1.40E+00 3.93E-01 6.56 E-02 4.99E-01 3.61 E-01
6 5.71 E-02 3.55E-01 2.29E-01 3.00E+01 1.70E+00 3.95E-01 6.55E-02 O.OOE+OO 3.98E-01
7 5.52E-02 4.09E-01 2.21 E-01 3.27E+01 1.06E+00 5.15E-01 5.77E-02 0.00E+00 2.04 E-01
8 5.04 E-02 3.16E-01 1.99E-01 3.03E+01 1.04E+00 3.60E-01 5.23E-02 0.00E+00 4.07 E-01
9 6.26E-02 7.46E-01 2.51 E-01 5.32E+01 3.99E+00 4.22E-01 7.05E-02 O.OOE+OO 3.23E-01

10 5.08E-02 5.28E-01 2.08E-01 4.06E+01 1.08E+00 3.78E-01 5.03E-02 O.OOE+OO 1.61 E-01
11 5.45E-02 3.24 E-01 2.15E-01 2.61 E+01 9.10E-01 3.70E-01 5.43E-02 O.OOE+OO 1.64 E-01
12 6 .1 9 E-0 2 6.22E-01 2.31 E-01 2.33E+01 1.01E+00 4.40E-01 6 .2 5E -02 2.7 2E -01 1.10E-01

1999 1 5.95E-02 4.06E-01 2.17E-01 2.93E+01 1.10E+00 3.48E-01 5.00 E-02 O.OOE+OO 1.22E-01
2 6.91 E-02 3.09E-01 2.20E-01 2.97E+01 1.12E+00 3.24E-01 4.76E-02 O.OOE+OO 8.81 E-02
3 6.35E-02 3.62E-01 2.56E-01 4.29E+01 8.05E-01 3.95E-01 5.31 E-02 O.OOE+OO 1.02E-01
4 5.90E-02 4.48E-01 1.99E-01 3.48E+01 1.01E+00 4.14E-01 5.4 9 E-02 1.45E-01 9.35E-02
5 5.70E-02 3.36E-01 2.06E-01 3.27E+01 1.70E+00 4.00E-01 5.05E-02 1.42E-02 1.23E-01
6 5.24E-02 4.05E-01 2.12E-01 3.69E+01 1.47E+00 4.64E-01 4.62 E-02 O.OOE+OO 1.09E-01
7 5.72E-02 3.76E-01 2.52E-01 3.16E+01 1.37E+00 5.33E-01 4.74E-02 O.OOE+OO 1.18E-01
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Table 4: VW P Stack: Historic Monthly Discharges (January 1994 • December 2001)

Year Month Alpha Beta C-14 Sr-90 Ru-106 1-129 1-131 Cs-137 Pu-Alpha Pu-241 Am-241+Cm242
MBq MBq MBq MBq MBq MBq MBq MBq MBq MBq MBq

1994 1 3.02E-02 2.00E+01 2.56E-01 2.97E+01 7.16E+00 2.29E-01 1.06E-02 0.00E+00 5.21 E-02
2 2.88E-02 1.79E+01 1.96E-01 5.75E+01 5.76E+00 2.02E-01 7.97E-03 0.00E+00 4.54E-02
3 2.87E-02 2.02E+01 1.61 E-01 2.07E+01 9.32E+00 1.94 E-01 9.87E-03 0.00E+00 5.26E-02
4 2.92E-02 1.95E+01 5.86E-02 3.43E+01 8.02E+00 1.98 E-01 1.02E-02 0.00E+00 3.83E-02
5 3.33E-02 2.05E+01 4.48E-02 2.76E+01 5.29E+00 2.40E-01 1.37 E-02 1.11 E-01 1.88E-02
6 2.45E-02 1.95E+01 6.54E-02 3.75E+01 8.22E+00 2.47 E-01 8.66E-03 0.00E+00 3.16E-02
7 3.70E-02 2.04E+01 2.04 E-01 3.25E+01 7.43E+00 2.49E-01 9.21 E-03 0.00E+00 4.85E-02
8 3.12E-02 1.96E+01 1.95E-01 2.98E+01 8.65E+00 2.19E-01 1.05E-02 1.96E-03 3.37E-02
9 3.01E-02 1.93E+01 2.30 E-01 2.17E+01 2.39E+00 2.52E-01 1.09 E-02 O.OOE+OO 1.85E-02
10 2.98E-02 1.92E+01 2.12E-01 1.34E+01 2.95E+00 2.58E-01 1.04 E-02 0.00E+00 1.60E-02
11 2.75E-02 1.46E+01 1.84 E-01 1.33E+01 3.60E+00 2.75E-01 1.04E-02 0.00E+00 2.88E-02
12 3.38E-02 1.54E+01 1.93E-01 1.76E+01 3.49E+00 2.49 E-01 9.15E-03 0.00E+00 2.25E-02

1995 1 3.16E-02 1.50E+01 1.83E-01 2.97E+01 2.66E+00 2.08E-01 1.31 E-02 O.OOE+OO 2.69E-02
2 3.20E-02 1.34E+01 1.89E-01 1.98E+01 3.86E+00 1.44 E-01 1.12E-02 O.OOE+OO 2.14E-02
3 3.31 E-02 1.52E+01 2.26E-01 1.57E+01 2.81 E+00 1.88E-01 9.83E-03 1.29E-01 2.14E-02
4 2.86E-02 1.47E+01 1.90E-01 1.57E+01 5.13E-01 2.00E-01 2.38E-02 7.76E-02 3.24E-02
5 3.07E-02 1.76E+01 2.19E-01 1.47E+01 6.19E-01 1.69E-01 1.84 E-02 2.57E-03 4.76E-02
6 3.04E-02 1.47E+01 1.90E-01 1.89E+01 1.08E+01 1.94 E-01 1.14E-02 O.OOE+OO 2.10E-02
7 3.14E-02 1.49E+01 2.27E-01 3.34E+01 1.13E+01 2.20 E-01 8.50E-03 O.OOE+OO 1.57E-02
8 3.41 E-02 1.62E+01 2.05E-01 1.75E+01 2.99E+00 1.94 E-01 1.17E-02 O.OOE+OO 2.88E-02
9 3.29E-02 1.45E+01 2.45 E-01 1.44E+01 2.39E+00 3.13E-01 8.02E-03 O.OOE+OO 1.78E-02
10 3.09E-02 1.51E+01 2.00E-01 2.08E+01 3.20E+00 2.75E-01 1.13E-02 O.OOE+OO 2.23E-02
11 3.11 E-02 1.51E+01 1.81 E-01 1.77E+01 4.79 E+00 1.35E-01 8.36E-03 O.OOE+OO 1.73E-02
12 3.09 E-02 1.54E+01 2.23E-01 1.50E+01 2.59 E+00 1.65E-01 8.00E-03 O.OOE+OO 2.48E-02

1996 1 3.04 E-02 1.53E+01 2.03E-01 1.56E+01 1.25E+00 1.76E-01 8.67E-03 O.OOE+OO 1.94 E-02
2 2.98E-02 1.43E+01 1.80E-01 2.32E+01 3.22 E-02 2.29E-01 8.27E-03 O.OOE+OO 3.36E-02
3 3.05E-02 1.54E+01 1.95E-01 1.71E+01 1.24 E-01 2.08E-01 9 .1 5 E -0 3 O.OOE+OO 1.87E-02
4 3.40E-02 4 .0 0 E + 0 0 1.78E-01 1.65E+01 6 .6 4 E -0 2 1.84 E-01 9 .3 3 E -0 3 O.OOE+OO 1.71 E -0 2

5 3.47E-02 2.84E-01 1.81 E-01 2.13E+01 4.64E-02 1.83E-01 9.43E-03 O.OOE+OO 1 29E-02
6 3.29E-02 2.56E-01 1.84 E-01 1.42E+01 5.72E-02 1.75E-01 1.06E-02 O.OOE+OO 4.85E-02
7 3.39E-02 5.23E-01 1.93E-01 1.50E+01 7.13E-02 2.14E-01 8.86E-03 O.OOE+OO 6.06E-02
8 3.39E-02 3.25E-01 2.08E-01 1.52E+01 2.04E+00 1.98E-01 1.09E-02 O.OOE+OO 5.25E-02
9 3.48E-02 5.09E-01 2.22E-01 1.54E+01 2.30E+00 2.93E-01 1.16E-02 O.OOE+OO 2.20E-02

10 3.82E-02 2.86E+00 6.96E-01 1.45E+01 8.05E-01 2.26E+00 9.78E-03 O.OOE+OO 3.79E-02
11 3.39E-02 2.86E-01 1.85E-01 1.35E+01 6.76E-01 1.81 E-01 9.34 E-03 O.OOE+OO 1.78E-02
12 3.62E-02 2.53E-01 2.24E-01 2.18E+01 9.79E-01 2.23E-01 1.09E-02 O.OOE+OO 3.55E-02
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1997 1 3.40E-02 6.69E-01 1.92 E-01 1.61E+01 3.58E+00 6.99E-01 1.16E-02 0.00E+00 3.95E-02

2 2.81 E-02 1.52E+00 5.27 E-01 1.40E+01 2.32E+00 7.26E-01 8.34E-03 O.OOE+OO 4.50E-02

3 3.49E-02 3.21 E-01 2.09E-01 1.95E+01 8.44 E-01 1.92E-01 1.19E-02 O.OOE+OO 1.59E-02

4 3.38E-02 2.51 E-01 1.99 E-01 1.70E+01 1.06E+00 2.01 E-01 9.06E-03 O.OOE+OO 2.05E-02

5 3.33E-02 2.52E-01 1.99E-01 1.64E+01 5.58E-01 2.15E-01 9.29E-03 O.OOE+OO 1.68E-02

6 3.69E-02 5.52 E-01 1.89E-01 1.37E+01 2.14E+00 3.02E-01 1.04 E-02 O.OOE+OO 2.59 E-02

7 3.68E-02 6.23E-01 1.79E-01 1.56E+01 2.68E+00 5.44 E-01 9.25E-03 O.OOE+OO 2.88E-02

8 3.01 E-02 3.88E+00 1.86E-01 1.61E+01 1.77E+00 4.01 E+00 9.24E-03 O.OOE+OO 3.87E-02

9 3.85E-02 3.42E-01 2.05E-01 1.68E+01 3.18E+00 1.72E-01 9.16E-03 3.84E-03 3.00E-02

10 3.03E-02 3.19E-01 1.7 2 E-01 1.58E+01 4.94E+00 1.67E-01 9.11E-03 O.OOE+OO 3.26E-02
11 3.47E-02 1.71 E+00 1.85E-01 5.94E+03 2.54E+00 2.25E-01 8.74 E-03 2.27E-03 2.67E-02
12 3.40E-02 7.03E-01 2.07 E-01 4.12E+02 3.01 E+00 1.84 E-01 8.56E-03 2.22E-04 2.32E-02

1998 1 3.72 E-02 7.65E-01 2.27 E-01 1.43E+02 2.98E+00 1.70E-01 9.79 E-03 O.OOE+OO 2.40E-02
2 3.17E-02 6.38E-01 1.66E-01 5.62E+01 2.47E+00 1.37E-01 7.93E-03 O.OOE+OO 2.00E-02
3 3.41 E-02 2.62E-01 2.09E-01 5.09E+01 7.22E+00 2.49E-01 9.11 E-03 O.OOE+OO 2.65E-02
4 3.37E-02 2.93E-01 1.97 E-01 2.67E+01 5.72E+00 1.41 E-01 8.56E-03 O.OOE+OO 6.20E-02
5 3.22E-02 2.63E-01 1.80E-01 2.74E+01 ,6.31 E+00 1.64 E-01 9.13E-03 O.OOE+OO 5.60E-02
6 3.14E-02 2.67E-01 1.73E-01 2.99E+01 6.81 E+00 1.59E-01 1.12E-02 O.OOE+OO 6.78E-02
7 3.27E-02 3.26E-01 1.77E-01 2.74E+01 7.38E+00 2.05E-01 1.05E-02 O.OOE+OO 6.31 E-02
8 2.97E-02 2.73E-01 2.19E-01 2.24E+01 4.94E+00 1.72E-01 9.69E-03 O.OOE+OO 6.35E-02
9 3.34E-02 2.44 E-01 1.82E-01 2.33E+01 2.95E+00 1.63E-01 8.85E-03 O.OOE+OO 7.35E-02

10 4.00E-02 2.50E-01 1.87E-01 2.48E+01 6.34E+00 2.39E-01 9.66E-03 O.OOE+OO 4.97E-02
11 2.93E-02 2.89E-01 1.82E-01 2.30E+01 6.02E+00 2.24 E-01 1.04E-02 O.OOE+OO 5.33E-02
12 3.13E-02 2.97E-01 1.99E-01 3.93E+01 6.09E+00 1.79 E-01 1.11 E-02 O.OOE+OO 4.65E-02

1999 1 9.17E-02 1.41E+01 1.85E+00 2.64E+01 5.02E+00 1.31 E+01 1.07 E-02 O.OOE+OO 9.73E-02
2 2.85E-02 3.91 E-01 1.76E-01 2.36E+01 5.41 E+00 2.87E-01 8.02E-03 O.OOE+OO 4.84E-02
3 3 .3 2 E -0 2 2.6 4 E-0 1 1.97E-01 2.59E+01 5 .5 6 E + 0 0 2.5 8 E-0 1 8 .3 5 E -0 3 O.OOE+OO 5 .3 5 E -0 2
4 3.35E-02 2.49E-01 1.69E-01 2.84E+01 3.48E+00 1.84 E-01 8.70E-03 O.OOE+OO 5.20E-02
5 3.20 E-02 2.66 E-01 1.80E-01 2.87E+01 5.39E+00 2.21 E-01 1.01 E-02 O.OOE+OO 4.90E-02
6 3.17E-02 3.48E-01 2.08E-01 4.49E+01 6.03E+00 1.66E-01 8.23E-03 O.OOE+OO 5.36E-02
7 3.29E-02 2.77E-01 2.55E-01 2.15E+01 4.07E+00 2.74E-01 9.15E-03 O.OOE+OO 5.21 E-02
8 3.24 E-02 2.90E-01 1.72E-01 2.33E+01 4.37E+00 2.04 E-01 1.00E-02 O.OOE+OO 5.36E-02
9 3.67E-02 2.70E-01 1.76E-01 2.78E+01 4.87E+00 2.07E-01 1.26E-02 O.OOE+OO 5.34E-02
10 3.51 E-02 2.62E-01 1.75E-01 2.80E+01 4.12E+00 2.27E-01 1 .0 2 E -0 2 O.OOE+OO 5.55E-02
11 3.44E-02 7.22E-01 2.15E-01 3.47E+01 2.84E+00 1.94E-01 8.40E-03 O.OOE+OO 5.61 E-02
12 3.34E-02 2.82E-01 1.70E-01 2.71 E+01 3.96E+00 2.20E-01 9.05E-03 O.OOE+OO 6.18E-02

2000 1 3.40E-02 4.07E-01 1.79E+04 2.03 E-01 3.80E+01 3.77E+00 0.00E+00 2.77E-01 9.17E-03 O.OOE+OO 4.08E-02
2 2.91 E-02 9.92E-01 1.61E+04 1.70E-01 2.36E+01 3.34E+00 0.00E+00 1.03E+00 8 80E-03 O.OOE+OO 3.18E-02
3 3.32E-02 2.85E-01 2.69E+04 1.60E-01 3.46E+01 3.92E+00 0.00E+00 2.09 E-01 1.33E-02 O.OOE+OO 3.21 E-02
4 4.27E-02 2.47E-01 3.63E+04 1.59E-01 2.42E+01 5.53E+00 0.00E+00 1.87 E-01 9.13E-03 O.OOE+OO 2.65 E-02
5 3.30E-02 3.74E-01 4.71 E+04 1.76E-01 2.87E+01 3.14E+00 0.00E+00 1.96E-01 8.47E-03 O.OOE+OO 4.23E-02
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6 3.34 E-02 2.91 E-01 6.56 E+04 1.67 E-01 2.63E+01 2.48 E+00 0.00E+00 1.65E-01 1.09E-02 0.00E+00 4.93 E-02
7 2.58E-02 3.14E-01 5.14E+04 1.65 E-01 4.28E+01 2.89E+00 2.60E+00 1.83E-01 9.67 E-03 0.00E+00 4.07E-02
8 3.36E-02 4.08 E-01 4.18E+04 1.92E-01 4.35E+01 2.72E+00 4.15E+00 1.82E-01 9.53E-03 0.00E+00 3.97E-02
9 3.52E-02 4.07E-01 1.07E+04 1.80E-01 3.67E+01 2.13E+00 1.51E+01 1.88E-01 1.03E-02 O.OOE+OO 3.94 E-02
10 3.06E-02 4.20E-01 1.99E+04 1.87 E-01 1.24E+02 4.19E+00 2.55E+01 2.36E-01 9.57E-03 O.OOE+OO 5.25E-02
11 3.69 E-02 2.83E-01 1.29E+04 1.71 E-01 4.13E+01 6.39E+00 1.29E+01 2.13E-01 1.06E-02 O.OOE+OO 3.14E-02
12 3.46E-02 3.08E-01 5.42E+03 2.15E-01 4.64E+01 5.21 E+00 7.90E+00 1.92E-01 9.92E-03 O.OOE+OO 4.45E-02

2001 1 3.08E-02 2.62E-01 4.06E+03 1.51 E-01 3.92E+01 2.14E+00 1.92E+00 2.42E-01 8.17E-03 O.OOE+OO . 2.98E-02
2 2.95E-02 2.85E-01 5.25E+03 1.92E-01 3.97E+01 7.49E+00 6.47E+00 2.09 E-01 9.61 E-03 4.48E-02 4.08E-02
3 3.39E-02 2.69 E-01 2.98E+03 1.74E-01 3.78E+01 2.39E+00 2.27E+00 2.10E-01 9.09E-03 O.OOE+OO 3.11 E-02
4 3.23E-02 2.77E-01 9.50E+02 1.75E-01 3.57E+01 2.15E+00 2.51 E+00 2.07 E-01 9.44E-03 O.OOE+OO 3.64E-02
5 3.61 E-02 2.79E-01 4.55E+03 1.73E-01 3.64E+01 2.53E+00 7.43E+00 2.01 E-01 9.11 E-03 O.OOE+OO 3.15E-02
6 3.31 E-02 2.55E-01 2.06E+04 1.69E-01 3.51 E+01 3.50E+00 2.02E+01 1.54E-01 8.74 E-03 O.OOE+OO 3.56E-02
7 4.87E-02 1.40E+00 5.70E+03 4.95E-01 4.16E+01 2.93E+00 2.08E+01 6.40 E-01 8.91 E-03 1.59E-03 5.89E-02
8 3.70E-02 2.46E-01 5.83E+03 1.67E-01 3.69E+01 3.81 E+00 1.56E+01. 1.62E-01 7.82 E-03 1.11 E-02 2.71 E-02
9
10
11
12

3.11 E-02 5.83E-01 5.23E+03 1.55E-01 3.71 E+01 2.09E+00 2.94E+00 5.06E-01 6.43E-03 1.46E-02 2.38E-02
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8 5.25E-03 5.47E-01 2.38E-02 6.79E-01 4.94E-02 1.34E-03 8.36E-03
9 1.55E-02 1.52 E+00 3.51 E-02 9.67E-01 1.13E-01 1.75E-03 1.07E-02

10 9.99E-03 1.91 E+00 4.60E-02 8.62 E-01 7.87E-02 1.76 E-03 1.19E-02
11 9.14E-03 9.50E-01 5.69 E-02 7.37E-01 1.24 E-01 1.75E-03 6.50E-03
12 9.16E-03 1.39E+00 4.69E-02 5.29E-01 5.64E-02 1.92E-03 8.82E-03

1997 1 6.08E-03 4.05E-01 2.85E-02 7.30E-01 5.98E-02 1.45E-03 8.05E-03
2 6.65E-03 5.44E-01 3.28E-02 7.93E-01 3.44 E-02 1.62E-03 8.02E-03
3 8.77E-03 1.12E+00 3.63E-02 7.56E-01 3.90E-01 1.95E-03. 1.01 E-02
4 6.98E-03 9.12E-01 3.68E-02 7.69E-01 1.05E-01 1.25E-03 9.79E-03
5 7.19E-03 6.36E-01 2.96 E-02 6.73E-01 1.04E-01 1.50E-03 8.75E-03
6 6.88E-03 4.89E-01 3.55E-02 6.60E-01 6.86E-02 1.93 E-03 1.06E-02
7 9.25E-03 4.50E-01 4.31 E-02 8.86E-01 1.05E-01 2.07 E-03 1.22E-02
8 6.06E-03 4.49E-01 2.52E-02 6.17E-01 3.94 E-02 2.08 E-03 8.41 E-03
9 7.86E-03 4.49E-01 3.38E-02 6.76E-01 3.65E-02 1.67 E-03 1.05E-02
10 6.42E-03 3.92E-01 3.04E-02 5.74E-01 4.50 E-02 1.62E-03 9.22E-03
11 6.51 E-03 3.50E-01 3.83E-02 6.83E-01 5.44E-02 1.70E-03 1.02E-02
12 7.83E-03 5.12E-01 5.54E-02 5.94 E-01 4.22E-02 3.47E-03 1.02E-02

1998 1 9.06E-03 1.62E+00 2.64E-02 7.77E-01 6.92E-02 1.54 E-03 9.41 E-03
2 7.88E-03 1.26E+00 3.66E-02 7.00E-01 4.22E-02 1.81 E-03 8.12E-03
3 8.87E-03 5.90E-01 4.65E-02 6.63E-01 4.64E-02 1.95E-03 1.04 E-02
4 7.27E-03 6.44E-01 3.43E-02 7.05E-01 3.08E-02 1.71 E-03 1.13E-02
5 5.39E-03 8.50E-01 2.84E-02 6.45E-01 2.70E-02 1.76E-03 8.88E-03
6 9.20E-03 1.05E+00 3.23E-02 6.61 E-01 2.31 E-01 5.11 E-03 1.05E-02
7 7.04 E-03 6.73E-01 3.38 E-02 5.57E-01 4.99E-02 2.35E-03 . 1.03E-02
8 8.72E-03 4.70E-01 4.14E-02 4.04 E-01 3.66E-02 2.19E-03 2.06 E-02
9 1.00E-02 4.10E-01 4.95E-02 4.65E-01 6.00E-02 2.14E-03 1.57E-02
10 6.63E-03 2.48E-01 3.09E-02 6.50E-01 2.66E-02 1.41 E-03 9.95E-03
11 7.00E-03 2.53E-01 3.84E-02 6.17E-01 4.15E-02 4.07E-03 1.11 E-02
12 8 .2 6 E -0 3 2.99E-01 4.38E-02 7.21 E-01 6.10E-02 2.15E-03 8.33E-03

1999 1 6.95E-03 8.65E-01 3.44 E-02 4.78E-01 3.29 E-02 1.65E-03 8.98E-03
2 6.43E-03 2.06E+00 3.80E-02 8.05E-01 3.10E-02 1.54E-03 9.48E-03
3 7.67E-03 3.38 E+00 4.84E-02 6.38E-01 4.44E-02 1.74E-03 1.23E-02
4 6.17E-03 1.67E+00 3.08E-02 5.26E-01 4.17E-02 2.06E-03 8.18E-03
5 6.26E-03 1.23E+00 3.87E-02 7.62E-01 3.73E>02 2.34 E-03 1.14E-02
6 7.57E-03 1.08 E+00 3.77E-02 7.37E-01 3.28E-02 1.70E-03 1.18E-02
7 6.28E-03 1.13E+00 2.88E-02 5.99E-01 4.61 E-02 1.34 E-03 8.10E-03
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T a b le  6: W E P  S ta c k : H is to ric  M o n th ly  D is c h a rg e s  (Ja n u a ry  1994 -  D e ce m b e r 2001)

Year Month Alpha Beta C-14 Sr-90 Ru-106 M  29 Cs-137 Pu-Alpha Am-241+Cm242
MBq MBq MBq MBq MBq MBq MBq MBq MBq

1994 1
9

3 1.24 E-01 7.99E+01 7.62E-01 1.22E+01 2.17E+00 9.34E-01 4.68E-02 9.75E-02
4 8.13E-02 5.85E+01 1.44 E-01 1.12E+01 1.55E+00 7.24E-01 3.54 E-02 4.86E-02
5 8.04E-02 5.36E+01 2.87E-01 1.07E+01 1.32E+00 6.91 E-01 3.07 E-02 5.40E-02
6 7.09E-02 4.71 E+01 2.19E-01 9.11 E+00 1.13E+00 4.50E-01 2.35E-02 9.79E-02
7 7.51 E-02 5.08E+01 4.93E-01 9.35E+00 1.39E+00 7.52E-01 2.56E-02 8.33E-02
8 6.89E-02 5.05E+01 4.94E-01 9.41 E+00 1.44E+00 6.66E-01 3.14E-02 7.38E-02
9 7.65E-02 4.79E+01 1.17E+00 9.63E+00 1.35E+00 6.14E-01 2.49E-02 4.57E-02
10 7.73E-02 4.45E+01 4.87E-01 1.01 E+01 1.23E+00 6.76E-01 2.30 E-02 5.57E-02
11 6.71 E-02 3.52E+01 4.58E-01 8.89E+00 1.24 E+00 5.85E-01 2.35E-02 8.62E-02
12 7.78E-02 3.70E+01 4.71 E-01 1.02E+01 1.24E+00 3.33E-01 2.39E-02 8.53E-02

1995 1 7.62E-02 4.03E+01 4.95E-01 9.70E+00 1.55E+00 5.46E-01 2.85E-02 4.65E-02
2 1.02 E-01 3.45E+01 1.03 E+00 9.73E+00 1.29E+00 9.97E-01 4.98E-02 2.22E-01
3 8.92 E-02 3.87E+01 5.52E-01 1.09E+01 1.49E+00 4.50E-01 2.97E-02 1.19E-01
4 7.74E-02 4.20E+01 5.44E-01 9.75E+00 1.50E+00 3.79E-01 2.93E-02 1.08E-01
5 8.48E-02 4.63E+01 5.31 E-01 1.02E+01 1.84 E+00 3.91 E-01 2.60E-02 1.50E-01
6 8.35E-02 3.72E+01 4.87E-01 8.18E+00 1.84 E+00 5.15E-01 2.26E-02 1.00E-01
7 8.12E-02 3.76E+01 5.08E-01 9.20E+00 2.35E+00 4.06E-01 2.25E-02 9.08E-02
8 8.25E-02 4.10E+01 5.28E-01 6.85E+00 2.98E+00 3.97E-01 2.06E-02 9.19E-02
9 9.22 E-02 3.85E+01 5.42 E-01 1.01 E+01 2.07E+00 4.58E-01 2.33E-02 5.59E-02
10 . 9.26E-02 3.99E+01 5.41 E-01 1.10E+01 2.95E+00 3:33 E-01 2.57E-02 3.44E-02
11 8.24 E-02 3.84E+01 4.80E-01 9.81 E+00 2.49E+00 5.20E-01 2.14E-02 6.08E-02
12 7.41 E -0 2 3.82E+01 4.76E-01 7 .83E+00 3.08E+00 3.38E-01 2.02 E-02 7.75E-02

1996 1 9.37 E-02 3.97E+01 5.81 E-01 6.96E+00 2.62E+00 3.52E-01 2.76E-02 7.87E-02
2 8.39 E-02 3.82E+01 4.91E-01 5.55E+00 2.69E+00 3.83E-01 2.47E-02 9.27E-02
3 8.85 E-02 4.21 E+01 5.43E-01 8.87E+00 3.06 E+00 4.28E-01 2.36E-02 8.97E-02
4 9.09E-02 1.18E+00 4.94 E-01 7.59E+00 3.22E+00 5.56E-01 2.53 E-02 5.54E-02
5 8.25E-02 7.19E-01 4.96E-01 9.69E+00 4.30E+00 5.69E-01 3.79E-02 4.78E-02
6 9.93 E-02 6.95E-01 5.01 E-01 8.72E+00 3.77E+00 3.78E-01 3.00E-02 1.17E-01
7 8.54 E-02 1.22E+00 5.11 E-01 1.05E+01 2.53E+00 3.73E-01 3.29E-02 1.96E-01
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5 2.34 E-01 8.54E+01 2.07E+00 3.92E+01 4.17E+01 1.70E+00 1.04E+02 2.10E-01 6.96E-01 3.28E-01
6 1.91 E-01 2.09E+01 1.22E+00 5.49E+01 4.60E+01 1.47E+00 2.54E+01 9.27E-02 1.60E-01 3.20E-01
7 2.05E-01 2.38E+01 1.48E+00 3.23E+01 3.83E+01 1.37E+00 2.87E+01 9.54 E-02 2.55E-01 3.36E-01
8 2.19E-01 4.70E+01 1.74E+00 3.50E+01 5.21E+01 1.76E+00 5.45E+01 1.11 E-01 2.81 E-01 3.54E-01
9 2.32E-01 2.38E+01 1.29E+00 3.77E+01 4.16E+01 1.65E+00 2.37E+01 9.98E-02 1.56E-01 3.91 E-01
10 2.22E-01 2.28E+01 1.28E+00 3.94E+01 4.83E+01 1.75E+00 2.71E+01 9.34 E-02 9.38E-02 3.50E-01
11 2.06E-01 1.41 E+01 1.15E+00 4.41 E+01 3.66E+01 1.65E+00 1.63E+01 8.66E-02 3.00E-02 3.75E-01
12 2.03E-01 1.09E+01 9.90E-01 3.66E+01 4.03E+01 1.75E+00 9.94E+00 1.02E-01 0.00E+00 4.06E-01

Total 1999 2.53E+00 3.41 E+02 1.73E+01 4.54E+02 5.17E+02 1.71 E+01 3.96E+02 1.24E+00 2.23E+00 4.12E+00
2000 1 2.36E-01 1.31 E+01 1 96E+04 1.37E+00 5.30E+01 4.35E+01 1.38E+00 1.49E+01 1 :i 1 E -01 3.60E-02 3.71 E-01

2 1.96E-01 1.40E+01 1.73E+04 1.07E+00 3.16E+01 4.33E+01 1.29E+00 1.80E+01 8.08E-02 O.OOE+OO 2.59E-01
3 2.41E-01 1.77E+01 3.03E+04 1.22E+00 4.40E+01 4.61 E+01 2.49E+00 2.27E+01 1.03E-01 6.54E-02 2.95E-01
4 2.67 E-01 1.97E+01 3.72E+04 1.32E+00 3.45E+01 4.25E+01 2.31 E+00 2.50E+01 7.82E-02 6.01 E-03 3.00E-01
5 2.31E-01 5.69E+01 5.02E+04 1.93E+00 3.79E+01 7.21E+01 1.83E+00 7.22E+01 8.88E-02 1.76E-01 2.59E-01
6 2.05E-01 1.69E+01 6.77E+04 1.10E+00 3.59E+01 4.35E+01 1.04E+00 1.97E+01 8.21E-02 0.00E+00 2.78E-01
7 1.85E-01 2.44E+01 5.47E+04 1.20E+00 5.21E+01 4.55E+01 3.91 E+00 2.96E+01 9.98E-02 6.03E-02 2.88E-01
8 2.05E-01 2.29E+01 4.32E+04 1.39E+00 5.33E+01 3.95E+01 5.63E+00 3.14E+01 9.59 E-02 9.56E-02 3.01 E-01
9 2.01 E-01 2.05E+01 1.19E+04 1.42E+00 4.56E+01 3.75E+01 1.62E+01 2.80E+01 9.58E-02 3.59E-02 2.66E-01
10 2.36E-01 8.69E+01 2.10E+04 2.08E+00 1.33E+02 3.75E+01 2.71E+01 9.52E+01 1.11 E-01 5.92E-01 2.98E-01
11 2.07E-01 1.83E+01 1.57E+04 1.30E+00 5.07E+01 2.74E+01 1.56E+01 2.21E+01 9.33E-02 2.56E-02 2.32E-01
12 1.94E-01 1.78E+01 7.08E+03 1.39E+00 5.40E+01 3.32E+01 9.79E+00 2.05E+01 9.54E-02 3.38E-02 2.93E-01

Total 2000 2.60E+00 3.29E+02 3.76E+05| 1.68E+01 6.26E+02 | 5.12E+02 8.85E+01 3.99E+02 | 1.13E+00 1.13E+00 | 3.44E+00
2001 1 1.94E-01 8.52E+00 5.65E+03 1.06E+00 4.94E+01 3.23E+01 3.09E+00 9.18E+00 8.72 E-02 0.00E+00 2.70E-01

2 1.70E-01 6.82E+00 6.13E+03 1.01 E+00 4.82E+01 3.57E+01 7.32E+00 7.47E+00 8.72E-02 4.48E-02 3.23E-01
3 1.91 E-01 9.81 E+00 5.01 E+03 1.04E+00 4.79E+01 2.40E+01 3.54E+00 1.09E+01 8.83E-02 1.71E-01 2.82E-01
4 1.97E-01 7.50E+00 4.42E+03 9.68E-01 4.54E+01 2.68E+01 3.79E+00 8.10E+00 9.15E-02 0.00E+00 2.65E-01
5 2.05E-01 1.14E+01 5.17E+03 1.03E+00 4.51 E+01 2.50 E+01 8.44E+00 1.27E+01 8.48E-02 1.45E-02 2.64 E-01
6 1.90E-01 1.13E+01 2.15E+04 1.20E+00 4.40E+01 3.55E+01 2.14E+01 1.32E+01 8.25E-02 7.18E-05 2.34E-01
7 2.24E-01 3.97E+01 7.04E+03 2.36E+00 5.17E+01 3.60E+01 2.16E+01 2.35E+01 9.14E-02 2.29E-01 2.76E-01
8 2.03E-01 1.82E+01 6.96E+03 1.31 E+00 4.70E+01 3.65E+01 1.65E+01 2.16E+01 7.02E-02 8.03E-02 1.83E-01
9
10 
11 
12

2.23E-01 1.63E+01 6.55E+03 1.27E+00 4.57E+01 3.05E+01 4.10E+00 1.93E+01 8.43E-02 2.76E-01 1.60E-01

Total | 2001 j 1.80E+00 |~1.30E+02 | 6.84E+041 1.12E+011 4.25E+021 2.82E+021 8.98E+01 ] 1.26E+021 7.67E-Q1 | 8.16E-Q1 | 2.26E+00
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8 1.67E-02 1.27E+01 2.89E-01 1.79E+01 6.75E-03 1.23 E-01 1.99E-02
9 2.27E-02 1.18E+01 1.56 E-01 1.59E+01 7.39E-03 1.45E-01 1.71 E-02

10 1.63E-02 1.37E+01 8.08E-01 1.73E+01 5.70E-03 9.29E-02 1.94E-02
11 1.39E-02 1.86 E+00 6.30E-02 2.35E+00 5.29E-03 1.10E-01 1.81 E-02
12 1.83 E-02 8.54E+00 2.74E-01 1.15E+01 7.89E-03 0.00E+00 3.00E-02

1997 1 2.59E-02 7.84E+01 2.26E+00 1.01 E+02 1.34E-02 3.14E-01 6.13E-02
2 1.58 E-02 8.23E+00 1.89E-01 1.05E+01 4.92E-03 4.23E-02 1.78E-02
3 1.45E-02 1.80 E+00 5.94E-02 2.17E+00 6.82E-03 8.71 E-02 1.61 E-02
4 1.15E-02 1.99E+00 5.54E-02 2.60E+00 3.60E-03 2.24E-02 1.29E-02
5 2.29E-02 1.02E+01 1.73E-01 1.44E+01 6.91 E-03 6.80E-02 2.27E-02
6 1.68E-02 2.81 E+00 1.05E-01 3.62E+00 6.31 E-03 4.73E-02 1.33 E-02
7 1.82E-02 3.56 E+00 9.34 E-02 4.83E+00 7.61 E-03 3.49E-02 1.60E-02
8 2.63E-02 3.94E+00 1.12E-01 5.15E+00 1.29E-02 1.24E-01 2.08E-02
9 2.11 E-02 2.39E+00 5.8 7 E-02 3.18E+00 6.66E-03 5.37E-02 1.65E-02

10 1.52E-02 4.71 E+00 6.83E-02 6.34 E+00 4.73E-03 4.35 E-02 1.45E-02
11 1.62E-02 3.26E+00 7.15E-02 4.03E+00 5.79E-03 6.70E-02 1.60E-02
12 2.18E-02 2.91 E+00 8.78E-02 3.55E+00 1.13E-02 5.80E-02 1.83E-02

1998 1 1.97E-02 2.09E+01 2.08E-01 2.60E+01 8.05E-03 2.07 E-02 2.37E-02
2 3.21 E-02 1.16E+01 2.64 E-01 1.57E+01 1.07E-02 1.15E-01 1.98E-02
3 1.65E-02 5.64E+00 1.63 E-01 7.02E+00 4.08 E-03 0.00E+00 2.01 E-02
4 1.80E-02 1.48E+00 1.02E-01 1.71 E+00 3.56 E-03 2.40E-02 . 1.94 E-02
5 1.16E-02 1.16E+00 2.36E-01 1.38E+00 2.89E-03 9.31 E-03 1.29E-02
6 9.86E-03 1.10E+00 4.21 E-02 1.44E+00 2.83E-03 0.00E+00 1.01 E-02
7 1.32E-02 1.87E+00 6.73E-02 2.37E+00 5.43E-03. 1.52 E-02 1.55E-02
8 1.28E-02 1.26E+00 3.97E-02 1.63E+00 6.83E-03 1.23E-01 1.27 E-02

9 1.68E-02 1.85E+00 5.47E-02 2.49E+00 7.03E-03 1.51E-01 1.06 E-02

10 9.43E-03 1.71 E+00 8.01 E-02 2.30E+00 3.83E-03 2.71 E-02 9.19E-03

11 6.60E-03 1.66E+00 2.75E-02 2.27E+00 1.77E-03 0.00E+00 8.18E-03
12 7.84 E-03 1.46E+00 3.58E-02 1.95E+00 1.72E-03 3 .5 8E -02 8 .5 0 E -0 3

1999 1 6.04E-03 1.49E+00 2.66E-02 1.99E+00 1.78E-03 0.00E+00 8.05E-03

2 8.00E-03 9.85E-01 2.69 E-02 1.38E+00 1.45E-03 O.OOE+OO 7.38E-03

3 8.58E-03 1.13E+00 5.47 E-02 1.40E+00 2.00E-03 6.45E-03 8.90E-03

4 2.43E-02 1.74E+00 1.32 E-01 1.89E+00 9.83E-03 1.05E-01 1.41 E-02

5 1.12E-02 1.05E+00 6.20E-02 1.25E+00 4.42E-03 2.05E-02 1.02E-02

6 7.79E-03 1.41 E+00 3.67E-02 1.86E+00 2.66E-03 1.37 E-02 8.35E-03

7 • 8.77E-03 7.36E+00 1.82E-01 9.46E+00 2.91 E-03 1.16E-02 9.32E-03
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10
11
12
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2
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4
5
6
7
8
9
10
11
12
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2
3
4
5
6
7

8
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11
12

6.41 E-03 2.45E+00 3:11E-02 3.26E+00 2.04 E-03 0.00E+00 8.21 E-03

8.76E-03 1.14E+00 3.19E-02 1.34 E+00 1.63E-03 O.OOE+OO 7.53E-03

1.44E-02 9.33E-01 5.75E-02 1.11 E+00 4.31 E-03 4.18E-02 9.61 E-03

9.68E-03 1.11 E+00 3.58E-02 1.40E+00 1.86E-03 1.09E-02 8.13E-03

8.37E-03 1.31 E+00 4.49E-02 1.55E+00 2.06E-03 0.00E+00 1.12E-02

6.95E-03 9.56E-01 2.88E-02 1.13E+00 1.78 E-03 0.00E+00 9.55E-03

9.16E-03 7.96 E-01 3.25E-02 9.57 E-01 1.88E-03 1.02E-02 8.40 E-03

2.06E-02 2.09E+00 9.39E-02 2.51 E+00 7.16E-03 6.68E-02 1.67E-02

9.18E-03 1.12E+00 4.15E-02 1.37E+00 2.44E-03 8.49 E-03 9.36E-03

1.23E-02 1.70E+00 8.90E-02 1.88E+00 2.82 E-03 O.OOE+OO 8.61 E-03
1.07E-02 1.15E+00 3.45E-02 1.32E+00 1.80E-03 0.00E+00 8.48E-03

6.08E-03 8.98E-01 2.17E-02 1,01 E+00 1.69E-03 0.00E+00 8.32E-03
7.49E-03 9.93E-01 2.52 E-02 1.34 E+00 1.81 E-03 0.00E+00 9.82E-03
8.51 E-03 7.45E-01 2.28E-02 8.95E-01 4.07E-03 0.00E+00 8.11 E-03
1.83E-02 3.51 E+00 1.08E-01 4.25E+00 5.44E-03 6.51 E-02 1.23E-02
1.97E-02 1.35E+00 1.03E-01 1.01 E+00 6.39 E-03 8.48E-02 1.33E-02
7.04E-03 1.19E+00 2.59E-02 1.34E+00 2.18E-03 O.OOE+OO 7.85E-03
8.70E-03 1.42E+00 4.43 E-02 1.63 E+00 2.03E-03 O.OOE+OO 8.57E-03
5.48E-03 7.33E-01 2.13E-02 8.51 E-01 1.96E-03 O.OOE+OO 9.66E-03
5.90E-03 1.07E+00 2.32E-02 1.31 E+00 1.28E-03 O.OOE+OO 8.08E-03
6.31 E-03 7.59E-01 2.42E-02 8.20E-01 1.32E-03 O.OOE+OO 8.53E-03
5.11 E-03 9.19E-01 1.91 E-02 1.07E+00 2.21 E-03 O.OOE+OO 6.25E-03
6 .1 2 E -0 3 2.15E+00 3.9 0E -02 2.72E+00 2 .2 4 E -0 3 O.OOE+OO 7 .2 2 E -0 3
6.46E-03 1.15E+00 2.74E-02 1.46E+00 1.37 E-03 O.OOE+OO 6.04 E-03
5.55E-03 9.18E-01 2.14E-02 1.04 E+00 1.07E-03 O.OOE+OO 5.38E-03
3.63E-02 3.77E+00 1.03E-01 5.21 E+00 2.87E-02 1.53E-02 7.92E-03
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8 5.70E-02 1.45E+00 1.65E-01 1.83E+00 8.39E-01 4.22 E-02 2.00E-01 8.02E-02

9 4.86E-02 1.76E+00 1.98E-01 1.56 E+00 1.64E+00 4.32E-02 3.88E-01 6.64E-02

10 4.16E-02 5.93E-01 1.23E-01 2.06E+00 5.96E-01 2.99E-02 2.93E-01 5.61 E-02

11 4.39E-02 6.26E-01 1.20E-01 2.34E+00 6.75E-01 3.28E-02 1.82E-01 6.02E-02

12 6.42E-02 7.55E-01 1.69E-01 1.64E+00 7.17E-01 4.04 E-02 1.54E-01 7.71 E-02

1997 1 4.42 E-02 5.70E-01 1.35E-01 1.02E+00 5.83E-01 3.49 E-02 1.17E-01 8.12E-02

2 4.32E-02 5.02E-01 1.36E-01 1.44E+00 6.59E-01 4.30E-02 3.20E-02 7.03 E-02

3 4.78E-02 5.23E-01 1.58E-01 1.31 E+00 5.92E-01 3.02E-02 2.43 E-02 1.60E-01

4 4.41 E-02 4.07E-01 1.20E-01 1.08E+00 4.76E-01 3.19 E-02 8.18E-02 7.17E-02

5 4.15E-02 5.09E-01 1.33 E-01 7.27E-01 4.93E-01 3.09 E-02 5.51 E-02 1.24E-01
6 4.35E-02 i :o o e +oo 1.19E-01 9.88E-01 1.01 E+00 3.63 E-02 1.84E+00 9.22E-02
7 1.45E-01 1.53E+00 4.63E-01 9.38 E-01 8.10E-01 8.52E-02 1.46E+00 1.03E-01
8 9.64E-02 1.26E+00 3.14E-01 8.72E-01 9.32E-01 6.74E-02 6.07E-01 1.16E-01
9 1.31 E-01 2.42E+00 3.28E-01 1.02E+00 2.47E+00 7.64E-02 6.05E-01 1.53E-01
10 3.89E-02 5.76E-01 1.22E-01 9.46E-01 5.78E-01 3.29E-02 1.28 E-01 9.35E-02
11 4.09E-02 6.26 E-01 1.49 E-01 1.28E+00 5.81 E-01 3.64E-02 1.76E-01 6.68E-02
12 6.00E-02 9.38E-01 2.59E-01 1.04E+00 6.64 E-01 5.16E-02 2.66E-01 9.97E-02

1998 1 5.39 E-02 9.72E-01 1.69E-01 8.59E-01 9.82E-01 3.75E-02 1.97 E-01 7.46E-02
2 5.07E-02 7.65E-01 1.30E-01 7.88E-01 7.70E-01 3.37E-02 1.86E-01 . 8.20E-02
3 3.94 E-02 5.46E-01 1.11 E-01 6.77E-01 4.78E-01 2.61 E-02 7.89E-02 9.12E-02
4 3.78E-02 5.78E-01 1.13E-01 9.10E-01 5.67E-01 3.19E-02 1.18E-01 1.06E-01
5 3.31 E-02 4.58E-01 1.12E-01 1.11 E+00 4.05E-01 2.88E-02 3.30E-02 1.58E-01
6 3.12E-02 3.94E-01 8.81 E -0 2 7.89E-01 3.58E-01 2.46 E -0 2 0 .0 0 E + 0 0 1.15E-01
7 3 .8 0 E -0 2 4.71 E-01 1.12E-01 5.71 E-01 3.82E-01 2.88E-02 7.67E-02 1.46E-01
8 2.51 E-02 3.94E-01 9.46E-02 4.73E-01 2.83E-01 2.78E-02 3.27E-02 8.64 E-02
9 2.89E-02 8.28E-01 1.06E-01 5.09E-01 9.85E-01 2.73E-02 6.53E-02 1.36E-01
10 5.41 E-02 9.73E-01 1.66E-01 7.02E-01 8.87E-01 3.64 E-02 1.78E-01 8.85E-02
11 3.19E-02 3.53E-01 1.07E-01 9.53E-01 5.40E-01 2.47 E-02 4.00 E-02 5.73E-02
12 3.25E-02 4.16E-01 1.08E-01 8.52E-01 4.37E-01 2.09 E-02 2.76E-02 5.44E-02

1999 1 8.73E-02 1.09 E+00 2.36E-01 2.10E+00 1.24E+00 6.51 E-02 0.00E+00 1.60E-01
2 6.72E-02 6.04E-01 2.50E-01 1.74E+00 1.11 E+00 5.21 E-02 0.00E+00 1.25E-01
3 8.18E-02 6.40E-01 2.83E-01 3.01 E+00 1.36E+00 6.42E-02 3.61 E-02 1.35E-01
4 8.32E-02 8.40E-01 2.56E-01 2.81 E+00 1.51 E+00 5.30E-02 5.28E-02 1.23E-01
5 6.94E-02 7.32E-01 2.05E-01 1.86E+00 1.04E+00 4.79E-02 0.00E+00 1.08 E-01
6 8.14E-02 1.03E+00 2.46E-01 2.43E+00 1.84E+00 5.44E-02 0.00E+00 1.12E-01
7 7.03E-02 7.92E-01 2.34E-01 2.20E+00 1.18E+00 6.92E-02 0.00E+00 1.19E-01
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8 8.90E-02 1.32E+00 2.96E-01 2.30E+00 1.58 E+00 7.23E-02 1.35E-01 1.22E-01
9 7.42E-02 5.32 E-01 1.93E-01 2.24E+00 1.26E+00 5.42E-02 0.00E+00 1.39 E-01

10 1.04E-01 1.07E+00 3.42 E-01 2.35E+00 1.31 E+00 7.92 E-02 2.71 E-01 1.43E-01
11 6.94E-02 7.34 E-01 2.02E-01 3.30E+00 1.26E+00 5.95E-02 0.00E+00 1.29E-01

12 7.96E-02 8.50E-01 1.96E-01 3.62E+00 1.27E+00 6.52E-02 O.OOE+OO 1.67E-01
2000 1 6.82E-02 6.47E-01 1,94 E-01 2.64E+00 1.30E+00 5.45E-02 0.00E+00 1.15E-01

2 8.10E-02 7.66E-01 2.02E-01 1.98E+00 9.85E-01 5.38E-02 1.02E-01 1.15E-01
3 7.65E-02 1.40E+00 2.00E-01 1.98E+00 2.23E+00 5.63E-02 O.OOE+OO 1.75E-01
4 7.81 E-02 6.06E-01 2.04 E-01 2.07E+00 1.25E+00 4.98 E-02 O.OOE+OO 9.81 E-02
5 7.02E-02 9.49 E-01 1.99E-01 1.88E+00 8.66E-01 5.45E-02 O.OOE+OO 9.56E-02
6 6.20E-02 6.95E-01 1.83 E-01 1.74E+00 8.02E-01 4.44 E-02 O.OOE+OO 1.01 E-01
7 6.65E-02 7.64E-01 1.78E-01 2.23 E+00 1.13E+00 5.06E-02 O.OOE+OO 1.26E-01
8 6.78E-02 7.09E-01 2.02E-01 2.15E+00 1.19E+00 5.61 E-02 O.OOE+OO 1.33E-01
9 8.82E-02 6.44E-01 1.79E-01 3.07E+00 1.05E+00 6.62 E-02 O.OOE+OO 9.82 E-02

10 6.50E-02 7.30E-01 1.88E-01 3.26E+00 1.21 E+00 4.33E-02 O.OOE+OO 1.07E-01
11 5.59E-02 4.29E-01 1.70E-01 2.36E+00 9.50E-01 4.34E-02 O.OOE+OO 7.89E-02
12 7.19E-02 4.95 E-01 2.05E-01 2.66E+00 1.19E+00 6.19E-02 O.OOE+OO 1.23E-01

2001 1 6.56E-02 4.54E-01 2.12E-01 2.51 E+00 8.96 E-01 4.73E-02 O.OOE+OO 1.48E-01
2 5.23E-02 3.78E-01 1.80E-01 2.02E+00 1.00E+00 4.33E-02 O.OOE+OO 1.14E-01
3 6.28E-02 4.32E-01 1.82 E-01 1.94E+00 1.27E+00 4.38E-02 O.OOE+OO 1.24E-01

4 6.09E-02 5.65E-01 1.88E-01 2.18E+00 1.27E+00 4.73E-02 O.OOE+OO 1.38E-01

5 6.64E-01 1.49E+01 2.07E+00 2.26E+00 1.42E+01 3.09E-01 3.20E+00 3.98E-01
6 5.95E-02 5.11 E-01 1.82E-01 2.07 E+00 8.67E-01 2.65E-02 O.OOE+OO 7.43 E-02

7 7.96E-02 6.91 E-01 2.40 E-01 3.19E+00 1.40E+00 5.22E-02 6.82E-02 1.07E-01

8 6.37 E-02 5.80E-01 1.86E-01 2.25E+00 1.04 E+00 4.12E-02 O.OOE+OO 8.38E-02

9
10 

■11 
-12

6.16E-02 6.13E-01 1.90E-01 1.92E+00 9.59E-01 4.87E-02 O.OOE+OO 7.74E-02
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• 8 1.24E-03 1.72E-02 7.61 E-03 2.95E-02 6.67E-03 2.93E-04 1.88E-03
9 1.35E-03 1.26E-02 7.87E-03 6.71 E-02 1.62E-02 3.61 E -04 2.48E-03

10 1.50E-03 2.32E-02 9.52E-03 4.54E-02 9.95E-03 4.59E-05 2.25E-03
11 1.68E-03 1.24E-02 6.95E-03 7.07E-02 8.16E-03 5.37E-04 3.28E-03
12 1.62E-03 1.95E-02 8.49E-03 4.56E-02 7.91 E-03 5.73E-04 2.76E-03

1997 1 1.34E-03 1.01 E-02 5.77E-03 3.09E-02 6.24E-03 3.45E-04 1.91 E-03

2 1.78E-03 1.03E-02 7.39E-03 6.41 E-02 5.29E-03 3.68E-04 2.23E-03
3 1.96E-03 1.65 E-02 1.16E-02 8.46E-02 6.73E-03 5.68E-04 2.70E-03

4 1.20E-03 1.08E-02 1.03 E-02 4.64E-02 8.68E-03 3.80E-04 2.66E-03

5 1.56E-03 1.01 E-02 6.18E-03 2.89E-02 7.16E-03 3.10E-04 1.97E-03
6 1.47E-03 1.10E-02 6.67E-03 5.83E-02 6.88E-03 3.7 8 E-04 2.22E-03
7 1.70E-03 1.68E-02 8.12E-03 6.84E-02 6.16E-03 3.88E-04 2.55E-03
8 1.42E-03 9.63E-03 7.17E-03 5.29E-02 5.60E-03 3.23 E-04 2.24E-03
9 1.39E-03 1.23E-02 7.51 E -03 4.57E-02 7.13E-03 3.67E-04 1.22 E-03
10 1.43E-03 9.80E-03 6.72E-03 3.35E-02 5.41 E-03 3.24E-04 1.97E-03
11 1.41 E-03 1.02E-02 1.40E-02 4.00E-02 6.79E-03 3.62E-04 2.74E-03
12 1.50E-03 1.06 E-02 9.80E-03 5.84E-02 6.30E-03 5.99 E-04 2.22E-03

1998 1 1.64E-03 1.36E-02 5.29E-03 4.60E-02 1.50 E-02 3.65E-04 1.83E-03
2 1.49E-03 1.12E-02 7.64E-03 5.38 E-02 9.08E-03 4.50E-04 1.97 E-03
3 1.80E-03 1.4 5 E-02 7.98E-03 4.66 E-02 8.24E-03 3.87 E-04 2.12E-03
4 1.41 E-03 1.07E-02 6.13E-03 4.93E-02 6.36E-03 3.87E-04 1.96E-03
5 1.66E-03 1.39E-02 7.69 E-03 4.73E-02 5.55E-03 4.25E-04 2.71 E-03

6 2.09E-03 1.11 E-02 8.15E-03 6.09 E-02 4.35E-03 3.76E-04 2.63E-03

7 1.53E-03 1.92E-02 6.34E-03 3.71 E-02 5.52 E-03 3.2 3 E-04 1.99E-03

8 5.28 E-03 3.89.E-02 2.53E-02 1.19E-01 2.47E-02 1.36E-03 9.22E-03

9 2.32 E-03 1.59E-02 1.07E-02 8.01 E-02 1.09E-02 5.30E-04 3.70E-03

10 1.41 E-03 9.95E-03 6.81 E-03 5.63E-02 4.88E-03 3.00E-04 2.16E-03
11 1.39 E-03 4.33E-02 8.38E-03 6.46E-02 6.73E-03 7.01 E-04 1.07E-03
12 1.53E-03 1.63E-02 8.41 E-03 7.03E-02 6.06E-03 4 .6 0 E -0 4 2 .1 6 E -0 3

1999 1 1.17E-03 9.18E-03 6.69E-03 3.01 E-02 4.44 E-03 3.33E-04 1.62E-03

2 1.27E-03 1.06E-02 8.26E-03 4.04 E-02 7.33E-03 3.71 E-04 1.91 E-03

3 1.64 E-03 1.27E-02 8.44E-03 4.83E-02 9.11 E-03 3.93E-04 3.05E-03

4 1.10E-03 8.82E-03 6.63E-03 2.94E-02 4.33E-03 2.73E-04 1.71 E-03

5 2.14E-03 1.80E-02 9.91 E-03 4.17E-02 8.04 E-03 3.45E-04 2.10E-03

6 1.62 E-03 1.30E-02 8.80E-03 6.49E-02 9.31 E-03 3.71 E-04 2.36E-03

7 1.27E-03 1.2 5 E-02 8.17E-03 4.40E-02 1.10E-02 4.52 E-04 2.51 E-03

Sellafield  R S A 9 3  R e vie w  
M ain R e vie w  D e cis io n  D o c u m e n t 

S u p p o rtin g  inform a tion
7 P

VA1



00 CO CO CO CO CO CO CO CO CO co co CO CO CO CO CO
o o o o O o O o o o o o o o o o o
LLJ LLJ Llj LLJ UJ LLJ LLJ LLi LLi LLJ LLJ Llj LJJ i h UJ LLJ LLJ

CT> CVI CO O CT) CO O CO *— CVI CO T “ X— CN
cq Csj cq CVI CD CO O cq CN 05 r - CM CO Is-
cvi cvi T~ CM cvi CM T - ■*“ CO cvi T— i—1

o
-ef
O o

Tj-
o o

3̂-
o

TT
o o O

-3-
O

'!*■
o o o

"3-
O

"3“
o o

■̂r
o

LLJ
COcq

LLJ
r—
cq

LU
O
CN

LLJ
r--
05

LU
CO
CO

LLi
p

LLJ
CN
Is-;

LLi
CO
p

LLJ
CM

LU LLJ
05
05

LLJ
05
h-

UJ
in

LLJ
O

uj
03
OJ

LU
COcq

uj
mcq

CO CO CO cd cd CO cd in "S’ cd csi in CO CN csi cd CO

co
o

CN
o

CN
O

CO
o

co
o

CO
o

CO
o

CO
o

CO
O

CO
o

CO
o

CO
o

CO
o

CN
O

CM
o

CO
o

CO
o

Llj
CO

UJ
CO

uj
r -

UJ
CO

LU
05
Is-

UJ
o
p

LLJ
CNcq

uj
in
p

UJ
N-CD

UJ
CO
p

LLi
CD
O

LLJ
^r
CN

UJ
m
CN

LLJ
05
CN

LU
p

LU
^r
Is-

LU
o
p

r-- 05 CO od oo 00 id cd cd 00 ■**

CN
o

CN
O

CN
O

CVI
o

CN
o

CN
O

CN
o

Csl
o

CN
O

CN
o

CN
o

CM
o

CN
O

CN
O

CN
o

CN
o

CN
o

uj
COin

LU
Is-
cq

LLJ
r-~
CN

LU
CO
p

u!i
COCN

LLJ
05
cq

LLJ
CO
p

LU
05
p

LLJ
O
in

UJ
ocq

LLi
05
05

LLJ
CO
oo

UJ
CN
p

uj
CN
O

LU
in
p

LLi
CN

uj
CMT”

LO cd cd id cd cd ■'3' CM cd in id cd CO

CO
o

CO
o

CO
o

CO
o

CO
o

CO
o

CO
o

CO
o

CO
o

CO
o

CO
O

CO
o

CO
o

CO
O

CO
o

CO
o

CO
o

LLi
Or -

LU
tocvj

UJ
lO
CVI

LU
CNcq

UJ
CO
p

UJ uj
oo

uj
in
r-.

UJ
COo

LLi
h-p

LU
CDoq

LU
COr--.

uj
CN

UJ
CO
p

uj
COCO

uj
cq

uj
m
o

r - cd r - in 1^ in cd in cd id

CM
O

eg
o

CO
o

CN
o

CN
O

CJ
o

CVI
o

cd
o

CO
o

CN
o

CVI
o

CN
o

CN
o

CN
o

CN
o

CN
o

CO
o

uj
CN

UJ
CO

LLJ
p

UJ
CN

LLJ
O
O

LLJ
p

LLJ
o
p

uj
r--
o

uj
o
CD

UJ
CO
p

LLJ
00
cq

LU
O
CM

UJ
CN

UJ
CD
p

UJ
p

LLJ
Csl
p

uj
CD
p

05 ,r" 'r" 03 05 v - Csi 't~ T_ T“ 00

CO
o

CO
o

CO
O

CO
o

CO
p

CO
o

CO
o

CO
o

CO
o

CO
o o

CO
O

CO
o

co
o

CO
o

co
o
ULi

s

CO
o

Llj
O
CD

Llj
CO
cq

UJ
LO

LU
05
U5

LLJ
OO
CN

LLJ
in
CN

Llj
X—
in

LLJ
CN

uj
CM

LLJ
CO
oq

LLJ LU
in

LLJ
00

llj
Csl

LLJ
Csl

uj
CO
CM

T— T— 7—’ i— T— T—" T— t— t—’ -T— 05 T- -I— ■<— 1— ■*— ■*—

CO CO CO CO CO CO co oo COo o o o o o o o o
LU UJ LU UJ UJ UJ LU LU LU
CD in 7— CO Csl 7— in CO 00in o Is- T~ CM o CN CO
CN CN T— Csl CM T- T- T— -r-

'3- Tj-
o o o o o o o o o
uj LLJ LU uj LU 111 UJ LU UJ7— 05 1— CD o CO Is- 05 CM
p p p p p p p
cd cd CM CO CO cd CN CN

CO CO CO CO CO CO CO CO COo o o o o o o o o
LU LLJ LU LU uj UJ uj LLJ UJ
CN h- CM 00 ■T— CO T— ■7—
p p in p M; N. CO p
r - cd in Is-' in id cd id

CN CM CN cn CN CM CM CN CM
o o o o o o o o o
LU uj UJ ULJ LLJ LLJ UJ LLJ LU
CD CO 00 CO CO O) CM CO CN
p 05 Is- CM T— CD in p
in in, co in cm’ CO CO

CO CO CO CO CO CM (O CO COo o o o o o o o o
LU uj UJ LU LU LLJ LU ULJ LLJ
o f - -*3- 05 CO T— CO CMT— p CD 05 CD (D p p
00 cd in id cd T~ od cd tri

cn CM CN CN CM CO CM c n Cslo o o o o o o o o
LU uj LJJ LU LU LLJ uj LU LU
h~ 05 r- in uo COp p p o o

T - T~ T~ cd cvi

CO CO CO CO CO CO COo o o o o o o o o
LLJ LLJ LU uj UJ UJ uj LLJ LU
in Oi CD CO CO 't CM CNp p p p CO CN

05 T— O) T_

- CN CO in CO r- 00 05( N C O T f i n t D N C O O ) CM CM I

Se
lla

fi
el

d 
R

SA
93

 
R

e
vi

e
w

 
M

ai
n 

Re
vi

ew
 

D
ec

is
io

n 
D

o
cu

m
e

n
t 

Su
pp

or
ti

ng
 

In
fo

rm
at

io
n



Sc
he

du
le

 
3

«'

CM

CM
E

o
+

E
<

O’ 
CM CO
3 S

Q.

a  oi 
m

3
a.

K  
CO O "
T g w S  
O

in 
CM O i 
*7 CD
■9 S  co

ocnp
(/>

o l
CQ

CO O ’
«  m
CD £

J= °1a  CD

T— o
O O o1 o 9 O o oi 9 Oi 9 o1 o-f o1
LLJ UJ UJ LJJ LU LU UJ LU LU LU LU UJ UJ UJ

CM 05 T— CM oo CO h- T— r- CO
O 00 00 05 CD CM r-* 05 CO r- CO cn 05
in CO CM in ■*r cd in h-* cd Is-’

O o o o O o o o o o o — o
O o o o o O o o o o o o o o
+ + • + + +■ + + + + + + + +
LLl LU LU LU LU UJ LU UJ UJ UJ UJ UJ UJ UJ
Is- CM o Is- 05 CD Is- o oo oo o 00 T—
3̂" CD <N in CM CO in (£> •*— in r- 05 o

00 CM CM in id CM TT
T_ y- T_ O T_

O o o 9 o O o 9 o o o1 o O+ o1
LIJ LLJ UJ LU LLJ LU UJ UJ LLJ UJ UJ UJ UJ UJ
00 CM o 05 05 r- in CO T“ T— CM oo h- CO
O r*-. co O h- 00 ■*— 05 r- cq p CD
CM T“ ■’if CM cd cd cd cd

O o o o O o O o o T- CM T“
O o o o O O o O o o o o O o
+ + + + + + + + + + + + + +
LU LU UJ LU UJ UJ LU UJ LU LU UJ LU UJ UJ
in 05 00 CD 00 CM o CO O) CO r- CO 00
in CO CO CD ■»-; CD CO h-
CD N-‘ cd cd in 00 00 r-’ cd T“

CM CM CM T_ o o T— CM
o O o o O O o O o o o o O o
+ + + + + + + + + + + + + +
LU LU UJ UJ UJ LU UJ UJ UJ UJ UJ LU UJ UJ
CM O CM CNI CD r- in 05 o f'- CM 00 CO
CD cq CM h- CO CD O CM CM °o CM
T—* CD ■»-* 00 •i— 05 00 cd cd 00
o O o o o o o o o o o o T- o
o o o o O o o o o o o O o o
+ + + + + + + + + + + + + +
LJJ LU UJ LU UJ UJ UJ LU UJ UJ UJ UJ LU LU
O tt oo o m ■<r in CD 05 o —̂ Is- CO OJ
O in T— CO CM h~ °o O 05 CO O cq CO °q
CM CM CM in cm CM oo CM 00 TT cd
*— T— T_ CM T-
O o o o O o o O O o o o O o
+ + + + + + + + + + + + + +
UJ LU UJ UJ UJ UJ LU UJ LU UJ UJ UJ LU UJ
CO 05 r-- r-- CM r- 05 T— m o CD oo Tf

O o o (D O co p CNJ CD CM p in
•*? CO CO CO tj- CO* CO cd CO in r̂
_̂ T_ O o

O1 o• o1 o1 O1 ot o1 o1 o1 oi o1 o+ o+ o1
LU UJ UJ LU UJ UJ UJ UJ UJ LU UJ LU LU LU
CO o *— o CM CD -d- in 7— CO CM CO ooCD in rv. l*- in in GO *— o cq o CO
CM CM CM cd CM cd CO 00 cd in 05

- - CM CO in CD r - CD 05 o CM 0505

"ro in
05 05
05 o 05
T— 1—

o o o o o o o o o o o

CM
o

05 i--
cm cq
M" CM Csi

o  O) co (N to n00 oo Is- 00

o  o
CM CM CM 
O  O  O

O
O
+ o  o  o

cq co 
oi CM

Csi CM CM CM CM CM CM 
O  O  O  O  O  O  O

CM ID  t o  (T)
CM CO CO

O
O
+

o  o  + +
o
o
+

CO
0  
CO
0 1

CM ▼-

CM CM
O  O
W  UJ
O  (Dt- 03

oo

o
o
+

o  o  
o  o  + +

O O M - O r r C D C O O r ^
' - ( O l O C O C N I S C O O O O

CM

i n i n i f l ( D ( D ^ N f O

CM
o
+

o
+
UJ
M-
■'J-

CM
o
+
LLI
CO
■*r

o  o  + +
T—00 05

o  o  + +
N - h - CN 
i—  05 CD

0 0 C O O5 C OT j - C O' ^ : CM'^'CM

O O O O O O O O O O O

N  05 o  co r - CO CM CO 
^  CM 00

CO
05

o o U 5 o o o o i / 5 i o s s s ^ N ^ r

o  o  o  
+ + + o  o + +
C M i - f ^ - O O C O i n i O N O C Mc 0 0 0 c 0 ( 0 ( 0 0 ^ n r 0 0 ^

o o o o o o o o o o o

CM in  CM 05 c—  o  o  
cnj o  co o  o  i -

(O CO N S  
CO O  CM T -

T“ r~
9 o O o o o
LU LU LU u j LU u j
05 00 O TJ- i n o
05 i n p CM CO p

T~

T—
o o O o o o
LU UJ UJ LU u j LU
05 m CM CN CM T—

00 r - r r
cd CM

CM CM CM CM CM CM
o O o o o O
LU UJ UJ LU u j LU
00 O CO —
T— O i n m CO O
00 00 cd Is-

o O o o o o
o O o o o o
+ + • + + + +
in UJ in in UJ UJ
Is- 1— CO 00 CN CO
i n CO CM 05 i n CO
cd cd Is- ' cd 00

o O o o o o
+ + + + + +
UJ UJ LU LU LU UJ
CN CM CO CM T— 05
h - CO in t” CO ■*—
T— CM i n cd

y - t — y —

o1 o1 oi 9 o1 o1
UJ UJ UJ UJ UJ LU
o CO 05 CO CO CO
Tj- CO CO r- O
i n cd cd cd
T - T_ y— o o O
o o o o o o
+ + + + + +
LU UJ LU LU UJ UJ
h- T— 00 05 CO 05

— 05 — ■*— 05
CM CM 05 05

o o o o o O
LLJ UJ uj uj LLJ LU
o h- Is- CO CN Is-

O p p o O
r _ T“

T - CM CO i n CO

(0<0
>

( M C O T f i n c D N O O U ) O  ■<- CM

Se
lla

fie
ld

 
R

SA
93

 
R

ev
ie

w
 

M
ai

n 
Re

vi
ew

 
D

ec
is

io
n 

D
o

cu
m

e
n

t 
Su

pp
or

ti
ng

 
In

fo
rm

at
io

n



7 2.06E-01 9.44E+00 8.21E-01 1.18E+01 8.51 E+00 1.46E-01 8.86E-01 2.95E-01

8 1.25E-01 2.09E+01 7.25E-01 6.86E+01 2.07E+01 9.37E-02 3.36E-01 2.02E-01
9 1.23E-01 1;98E+01 9.28E-01 1.16E+02 2 04E+01 1.33E-01 8.39E-01 1.86E-01
10 1.17E-01 2.23E+01 1.54E+00 2.03 E+02 2.08E+01 9.33E-02 9.90E-01 1.89E-01
11 1.28E-01 1.30E+01 1.01 E+00 8.70E+01 8.57E+00 9.79E-02 1.11 E+00 2.09E-01
12 1.39E-01 1.63E+01 9.87E-01 9.12E+01 1.51 E+01 1.02E-01 3.09E-01 2.14E-01

Total 1996 1.50E+00 1.94 E+02 CD CD m + 0 0 7.62E+02 1.28E+02 1.11 E+00 5.94E+00 2.23E+00
1997 1 1.22E-01 8.20E+01 2.73E+00 1.39E+01 1.03E+02 9.20E-02 8.39E-01 2.42E-01

2 1.27E-01 1.59E+01 9.86E-01 6.02E+00 1.70E+01 9.27E-02 9.79E-01 1.75E-01
3 1.64E-01 8.92E+00 7.77E-01 4.92E+00 7.12E+00 8.68 E-02 1.05E+00 2.97E-01
4 1.08E-01 6.46E+00 4.78E-01 5.02E+00 6.04E+00 1.12E-01 2.07E-01 1.91 E-01
5 1.18E-01 1.39E+01 6.37E-01 2.01 E+00 1.81 E+01 9.50 E-02 4.91 E-01 3.17E-01
6 1.15E-01 6.03E+00 4.66E-01 2.60E+00 6.81 E+00 1.02E-01 4.09E+00 2.36E-01
7 2.23E-01 6.63E+00 8.27E-01 2.63E+00 6.50E+00 1.53E-01 1.81 E+00 2.04E-01
8 1.69 E-01 6.49E+00 6.71E-01 4.79E+00 7.05E+00 1.38E-01 7.32E-01 2.74E-01
9 2.00E-01 6.15E+00 6.28E-01 4.20E+01 6.40E+00 1.37E-01 6.59E-01 2.78E-01
10 1.06E-01 9.90E+00 4.74E-01 4.56E+01 9.01 E+00 8.79E-02 1.72E-01 2.48E-01
11 1.19E-01 9.73E+00 5.72E-01 6.15E+01 7.52E+00 9.75E-02 2.43E-01 2.02E-01
12 1.93E-01 1.20E+01 1.18E+00 2.66E+01 7.51 E+00 1.28E-01 1.29E+00 3.69 E-01

Total 1997 1.76E+00 1.84E+02 1.04E+01 2.18E+02 2.02E+02 1.32 E+00 1.26E+01 3.03E+00
1998 1 1.34E-01 2.87E+01 1.13E+00 4.15E+01 2.95E+01 9.52 E-02 1.12E+00 2.24E-01

2 1.36E-01 1.80E+01 1.29E+00 1.54E+01 1.98E+01 9.61 E-02 4.61 E-01 2.96E-01
3 1.15E-01 1.20E+01 1.06 E+00 1.76E+01 1.15E+01 9.21 E-02 6.87E-01 3.67E-01
4 1.22E-01 7.25E+00 7.59E-01 8.83E+00 4.90E+00 9.12E-02 2.05E-01 3.90E-01
5 1.00E-01 6.54E+00 8.44E-01 2.69E+01 4.44E+00 8.23E-02 4.24E-02 4.70E-01
6 9.63E-02 6.59E+00 6.73E-01 3.20E+01 4.78E+00 8.64 E-02 0.00E+00 4.67E-01
7 1.00E-01 7.74E+00 6.17E-01 2.07E+01 4.29E+00 8.35E-02 9.19E-02 3.82E-01
8 1.25E-01 3.97E+00 5.82E-01 3.79E+00 4.13E+00 1.18E-01 1.55E-01 4.38E-01
9 1.04E-01 5.84E+00 5.00E-01 2.65E+00 5.86E+00 9.37E-02 2.16E-01 4.21 E-01
10 1.08E-01 4.81 E+00 4.53E-01 2.82E+00 4.72E+00 8.56E-02 2.05E-01 1.91 E-01

11 9.44E-02 4.56E+00 3.83E-01 6.01 E+00 4.06E+00 6.87E-02 4.00 E-02 1.56E-01
12' 9.73E-02 5.12E+00 4.60E-01 5.85E+00 4.81 E+00 6.91 E-02 6.34 E-02 1.61 E-01

Total 1998 1.33E+00 1.11 E+02 8.76E+00 1.84E+02 1.03E+02 1.06E+00 3.28E+00 3.96E+00
1999 1 1.56E-01 7.06E+00 7.10E-01 2.74E+01 5.44E+00 1.18E-01 3.01 E-02 2.82E-01

2 1.52E-01 1.09E+01 1.54E+00 2.75E+01 6.03E+00 8.58E-02 3.55E-01 2.46E-01
3 1.61 E-01 7.90E+00 1.19E+00 2.33E+01 6.00E+00 1.12E-01 7.81 E-01 2.48E-01
4 1.59E-01 8.58E+00 1.17E+00 1.85E+01 6.07E+00 1.33E-01 7.10E-01 2.28E-01
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5 1.27E-01 8.44E+00 1.16E+00 1.97E+01 6.10E+00 1.04E-01 6.59E-01 2.12 E-01
6 1.39E-01 6.94E+00 8.53E-01 1.22E+01 7.23E+00 1.19E-01 9.10E-02 2.13E-01
7 1.44E-01 1.36E+01 9.67E-01 2.09E+01 1.33E+01 1.30E-01 1.31 E+00 2.36E-01
8 1.60E-01 8.54E+00 8.74E-01 1.36E+01 7.08E+00 1.27E-01 9.58E-01 2.30E-01
9 1.40E-01 7.09E+00 6.77E-01 2.56E+01 4.66E+00 1.01 E-01 5.05E-01 2.72E-01
10 1.68E-01 7.99E+00 8.58E-01 3.09E+01 7.60E+00 1.27E-01 8.40E-01 2.28E-01
11 1.30E-01 6.82E+00 7.44E-01 1.76E+01 5.59E+00 1.03E-01 7.26E-02 2.26E-01
12 1.65E-01 9.91 E+00 1.23E+00 1.57E+01 7.16E+00 1.35E-01 1.13E+00 2.93E-01

Total 1999 1.80E+00 1.04E+02 1.20E+01 2.53E+02 8.22E+01 1.39E+00 7.43E+001 2.91 E+00
2000 1 1.16E-01 6.62E+00 8.97E-01 8.29E+00 4.56E+00 1.07E-01 0.00E+00 2.06E-01

2 1.27E-01 5.50E+00 6.11E-01 1.15E+01 4.04 E+00 9.82E-02 1.12E-01 2.09E-01
3 1.49E-01 1.18E+01 1.25E+00 3.49E+01 9.90E+00 1.23E-01 6.68 E-02 2.62E-01
4 1.83E-01 9.20E+00 1.95E+00 1.86E+01 5.98E+00 8.67E-02 8.49E-03 1.75E-01
5 1.27 E-01 1.07E+01 1.12E+00 2.41E+01 8.62E+00 1.05E-01 0.00E+00 2.11 E-01
6 1.15E-01 7.92E+00 7.39E-01 1.17E+01 6.33E+00 8.84 E-02 0.00E+00 2.07E-01
7 1.26E-01 1.13E+01 7.93E-01 1.76E+01 1.15E+01 1.10E-01 0.00E+00 2.33E-01
8 1.34E-01 8.23E+00 8.58E-01 1.88E.+01 8.28E+00 1.08E-01 4.70E-01 2.24E-01
9 1.50E-01 7.71 E+00 7.25E-01 1.05E+01 7.77E+00 1.19E-01 5.60E-02 1.86E-01
10 1.30E-01 8.98E+00 5.64E-01 5.46E+00 9.17E+00 8,72 E-02 6.51 E-02 1.88E-01
11 1.23E-01 4.28E+00 5.58E-01 4.15E+00 3.99E+00 7.93 E-02 8.48 E-02 1.83E-01
12 1.33E-01 3.27E+00 4.79E-01 1.14E+01 3.69E+00 1.08E-01 O.OOE+OO 2.25E-01

Total 2000 1.61 E+00 9.55E+01 1.05E+01 1.77E+02 8.38E+01 1.22E+00 8.63E-01 2.51E+00
2001 1 1.20E-01 4.05E+00 4.90E-01 1.66E+01 4.58E+00 8.36E-02 O.OOE+OO 2.64E-01

2 1.06E-01 4.69E+00 4.93E-01 5.71 E+00 4.38E+00 .8.81 E-02 O.OOE+OO 2.27E-01
3 1.06E-01 8.09E+00 3.75E-01 3.30E+00 9.25E+00 8.19E-02 O.OOE+OO 2.08E-01
4 1.30E-01 1.18E+01 4.88E-01 4.22 E+00 1.38E+01 9.40 E-02 O.OOE+OO 2.77E-01
5 7.39E-01 3.26E+01 2.68E+00 5.33E+01 3.11 E+01 3.51 E-01 3.63E+00 4.75E-01
6 1.18E-01 1.05E+01 5.87E-01 4.64E+01 8.89E+00 7.22E-02 2.92E-01 1.53E-01
7 1.61 E-01 9.64E+00 7.19E-01 1.06E+02 8.72E+00 1.01E-01 4.42E-01 1.87E-01
8 1.50E-01 9.55E+00 7.06E-01 9.81E+01 8.49E+00 9.74E-02 6.02E-01 1.75E-01
9
10 
11 
12

1.64E-01 1.08E+01 6.11 E-01 4.75E+01 1.17E+01 1.21 E-01 4.15E-01 1.58E-01

1.79E+00 | 1.02E+02 | 7.15E+00| 3.81 E+02 I 1.01E+02| 1.09E+00 nT38E+00 2.12E+00Total 2001
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Table 13: Calder Hall: Historic Monthly Discharges (January 1994 - December 2001)

Year Month Beta H-3 C-14 S-35 Ar-41 Co-60
MBq MBq MBq MBq MBq MBq

1994 1 1.13E+Q2 1.97E+05 3.50E+04 3.19E+03 2.55E+08 1.48E+00
2 1.09E+02 2.27E+05 3.36E+04 5.64E+03 2.30E+08 1.67E+00
3 1.11 E+02 5.14E+05 3.31 E+04 1.79E+04 2.07E+08 4.54E+00
4 1.18E+02 3.78E+05 3.80E+04 7.52E+03 2.40E+08 2.25E+00
5 9.99E+01 5.55E+05 3.51 E+04 1.30E+04 2.01 E+08 5.71 E+00
6 5.90E+01 6.24E+05 4.15E+04 1.52E+04 2.37E+08 2.21 E+00
7 1.01 E+02 2.93E+05 3.41 E+04 6.01 E+03 2.52E+08 1.48E+00
8 1.01 E+02 5.49E+05 2.67E+04 7.03 E +03 2.06E+08 8.62E+00
9 1.14E+02 3.82E+05 3.21 E+04 6.04E+03 2.41 E+08 2.89E+00
10 8.95E+01 7.39E+05 2.59E+04 9.93E+03 2.00E+08 7.75E+00
11 8.00E+01 3.86E+05 3.19E+04 5.10E+03 2.43E+08 2.29E+00
12 8.08E+01 2.66E+05 3.41 E+04 5.04E+03 2.53E+08 1.55E+00

Total 1994 1.18E+03 5.11E+06 4.01 E+05 1.02E+05 2.76E+09 4.24E+01
1995 1 8.25E+01 3.16E+05 3.68E+04 7.94E+03 2.53E+08 1.52E+00

2 7.11E+01 2.44E+05 3.12E+04 7.14E+03 2.27E+08 2.44E+00
3 8.24E+01 5.25E+05 2.57E+04 1.72E+04 2.00E+08 5.46E+00
4 7.85E+01 4.98E+05 2.56E+04 1.57E+04 2.28E+08 2.31 E+00
5 9.33E+01 7.95E+05 2.99E+04 4.53E+04 1.72E+08 6.97E+00
6 8.82E+01 9.63E+05 2.51 E+04 1.53E+04 1.87E+08 3.85E+00
7 9.39E+01 4.25E+05 2.54E+04 5.85E+03 1.99E+08 1.93E+01
8 7.96E+01 2.97E+05 2.94E+04 5.39E+03 2.41 E+08 3.31 E+00
9 7.55E+01 2.41 E+05 3.04E+04 5.29E+03 2.30E+08 2.41 E+00
10 8.91 E+01 7.56E+05 2.70E+04 9.10E+03 2.20E+08 4.07E+00
11 8.11 E+01 2.74E+05 3.08 E+04 4.29E+03 2.45E+08 1.44E+00
12 8.52E+01 2.40E+05 3.38E+04 4.92E+03 2.52E+08 1.50E+00

Total 1995 1.00E+03 5.58E+06 3.51 E+05 T.43 E + 0 5 2.65E+09 5.46E+01
1996 1 8.30E+01 2.09E+05 3.18E+04 4.87E+03 2.53E+08 1.08E+00

2 7.52E+01 1.83E+05 3.09E+04 4.34E+03 2.38E+08 1.14E+00
3 8.47E+01 2.05E+05 3.31 E+04 4.66E+03 2.54E+08 1.42E+00
4 4.84E+01 3.39E+05 3.04 E+04 7.39E+03 1.98E+08 5.21 E+00
5 6.72E+01 6.48E+05 2.57E+04 3.98E+04 1.80E+08 3.64E+00
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6 2.97E-01 1.79E+00 5.62E+05 4.60E+03 9.20E+09 1.36E+00 3.15E+01 2.20E+03 1.47E+00 8.48E-02 0.00E+00 5.00E-01

7 3.12E-01 2.05E+00 1.34E+05 2.24E+02 1.93E+09 1.23E+00 3.47E+01 3.59E+02 1.81E+QQ 7.81 E-02 9.92E-01 4.42E-01

B 3.91 E-01 2.12E+00 1.19E+06 9.21 E+02 5.05E+09 1.28E+00 3.51E+01 1.16E+03 1.32E+00 6.83E-02 0.00E+00 4.02E-01

9 3.67E-01 2.13E+00 1.60E+06 1.94E+03 5.15E+09 1.34E+00 3.26E+01 1.71 E+03 1.23E+00 8.45E-02 3.30E-01 4.08E-01 '

10 3.58E-01 1.94E+00 6.58E+05 1.71E+03 9.78E+09 1.18E+00 3.56E+01 1.59E+03 1.28E+00 7.28E-02 1.04E-02 4.90E-01

11 3.14E-01 2.06E+00 1.70E+06 3.59E+03 1.80E+10 1.33E+00 3.35E+01 2.22E+03 1.26E+00 6.17E-02 O.OOE+OO 3.75E-01

12 2.92E-01 2.86E+00 2.03E+05 5.62E+02 2.52E+09 1.44E+00 3.54E+01 8.08E+02 9.73E-01 6.39E-02 O.OOE+OO 3.59E-01

Total | 1997 3.90E+00I 2.62E+01 8.90E+06 |2.11 E+041 7.41E+10 |1.59E+0114.08E+0211.53E+04| 11.60E+01 [ 9.72E-01 11.45E+00I 5.03E+00

1998 1 3.48E-01 3.55E+00 8.95E+05 1.41 E+03 8.02E+09 1.28E+00 3.37E+01 1.37E+03 1.08E+00 6.74E-02 O.OOE+OO 4.28E-01

2 3.39E-01 1.82E+00 1.49E+06 8.60E+03 8.58E+09 1.19E+00 3.28E+01 1.53E+03 1.08E+00 5.08E-02 O.OOE+OO 3.41 E-01

3 3.86E-01 2.17E+00 1.25E+06 8.72E+03 9.31E+09 1.46E+00 3.79E+01 1.43E+03 1.35E+00 6.31 E-02 O.OOE+OO 4.23E-01
4 3.84 E-01 1.81E+00 3.24E+05 3.99E+03 9.29E+08 1.27E+00 2.75E+01 4.68E+02 1.34E+00 6.22E-02 O.OOE+OO 4.65E-01

5 3.70E-01 2.14 E+00 1.14E+05 3.60E+03 7.41 E+06 1.20E+00 3.29E+01 1.77E+02 1.54E+00 6.55E-Q2 O.OOE+OO 4.04E-01

6 3.42E-01 2.48E+00 1.40E+05 1.06E+03 2.69E+08 1.16E+00 3.34E+01 1.03E+02 1.21E+00 6.82E-02 O.OOE+OO 3.78E-01
7 3.52E-01 3.38E+00 1.37E+05 7.89E+02 6.96E+06 1.20E+00 3.41 E+01 7.09E+01 1.54E+00 7.47E-02 O.OOE+OO 4.24E-01

. 8 3.41E-01 2.75E+00 1.02E+06 9.17E+03 7.67E+09 1.32E+00 3.30E+01 1.36 E+03 1.17E+00 8.74E-02 O.OOE+OO 5.68E-01
9 3.63E-01 1.90E+00 1.42E+06 1.51E+04 8.62E+09 1.31E+00 3.57E+01 1.56E+03 1.81 E+00 6.44E-02 O.OOE+OO 4.76E-01
10 3.25E-01 3.16E+00 2.09E+06 1.84E+04 . 1.11E+10 1.28E+00 3.68E+01 2.37E+03 1.53E+00 6.25E-02 9.57E-04 4.11E-01
11 3.31 E-01 1.79E+00 1.40E+06 1.40E+04 6.53E+09 1.27E+00 3.67E+01 2.21E+03 1.24E+00 5.83E-02 1.47E-03 4.05E-01
12 3.29E-01 1.95E+00 8.27E+05 1.06E+04 3.87E+09 1.45E+00 3.75E+01 1.27E+03 1.12E+00 6.78E-02 O.OOE+OO 3.61 E-01

Total 1998 4.21E+0012.89E+011 1.11E+07 |9.54E+04| 6.49E+10 1.54E+0114.12E+0211.39E+04| I 1.60E+011 7.92E-01 2.42E-03 I 5.09E+00
1999 1 3.05E-01 1.88E+00 1.37E+05 3.23E+03 7.38E+06 1.36E+00 3.33E+01 2.94E+02 1.20E+00 8.74E-02 8.46E-04 5.04E-01

2 2.97E-01 1.73E+00 7.18E+04 2.03E+03 6.88E+06 1.18E+00 3.30E+01 1.50E+02 1.14E+00 5.59E-02 O.OOE+OO 3.71E-01
3 3.58E-01 1.92E+00 7.58E+04 2.97E+03 7.65E+06 1.30E+00 3.71 E+01 1.92E+02 1.27E+00 8.35E-02 O.OOE+OO 4.89E-01
4 3.48E-01 1.76E+00 5.36E+04 5.51 E+03 3.63E+07 1.11E+00 3.50E+01 1.18E+02 1.12E+00 7.01 E-02 O.OOE+OO 3.86E-01
5 3.27E-01 2.04 E+00 8.05E+05 1.13E+04 6.09E+09 1.26E+00 3.46E+01 9.50E+02 1.28E+00 8.03 E-02 O.OOE+OO 4.60E-01
6 2.96E-01 1.85E+00 7.83E+05 6.87E+03 4.16E+09 1.33E+00 3.40E+01 1.27E+03 1.34E+00 5.86E-02 O.OOE+OO 3.86E-01
7 3.72E-01 1.96E+00 4.04E+05 4.87E+03 3.17E+09 1.22E+00 3.44E+01 6.51 E+02 1.74E+00 5.59E-02 O.OOE+OO 3.93E-01

• 8 . 3.51E-01 1.93E+00 1.22E+06 9.07E+03 1.08E+10 1.17E+00 3.65E+01 1.76E+03 1.56 E+00 5.86E-02 O.OOE+OO 3.89E-01
9 4.12E-01 1.78E+00 9.72E+05 8.86E+03 8.11E+09 1.16E+00 3.66E+01 1.54E+03 1.30E+00 5.64E-02 O.OOE+OO 4.16E-01

10 3.87E-01 1.95 E+00 4.74E+05 7.60E+03 2.35E+09 1.12E+00 4.10E+01 7.48E+02 1.50E+00 5.9SE-02 O.OOE+OO 4.09E-01
11 3.14E-01 2.57E+00 1.98E+06 1.35E+04 8.79E+09 1.14E+00 3.90E+01 1.59E+03 1.21 E+00 5.58E-02 1.66E-03 4.76E-01
12 3.96E-01 2.04E+00 3.53E+06 3.38E+04 1.82E+10 1.10E+00 3.92E+01 2.94E+03 1.41 E+00 6.77 E-02 O.OOE+OO 4.99E-01

Total 1999 4.16E+00] 2.34E+011 1.05E+07 1.10E+051 6.17E+10 1.44E+01 4.34E+0211.22E+041 11.61 E+011 7.90E-01 2.50E-031 5.18E+00
2000 1 3.27E-01 2.90E+00 2.27E+06 2.64E+04 1.19E+10 1.27E+00 3.45E+01 2.15E+03 4.88E+01 1.44E+00 6.47E-02 O.OOE+OO 4.24E-01

2 3.18E-01 2.17E+00 1.84E+06 2.57E+04 6.45E+Q9 ■ 1.15E+00 3.34E+01 2.40E+03 1.80E+01 1.63E+00 6.74E-02 O.OOE+OO 5.06E-01
3 3.12E-01 2.22 E+00 1.36E+06 1.98E+04 7.65E+09 1.37E+00 3.80E+01 2.90E+03 2.30E+01 1.44E+00 7.59E-02 O.OOE+OO 4.55E-01
4 3.60E-01 2.00E+00 9.82E+04 1.36E+04 2.84E+07 1.15E+00 3.59E+01 4.99E+02 2.73E+00 1.26E+00 6.91 E-02 2.25E-01 4.39E-01
5 3.64E-01 2.13E+00 2.03E+06 1.07E+04 9.92E+09 1.20E+00 3.55E+01 1.26E+03 1.10E+01 1.31E+00 6.86E-02 6.48E-01 4.62E-01
6 4.06 E-01 2.08E+00 1.38E+06 1.62E+04 5.09E+09 1.11 E+00 3.37E+01 1.14E+03 2.42E+01 .9.86E-01 7.85E-02 O.OOE+OO 4.34E-01
7 3.29E-01 2.23E+00 1.30E+Q6 1.57E+04 7.14E+09 1.13E+00 3.50E+01 1.24E+03 1.72E+01 1.43E+00 6.55E-02 O.OOE+OO 4.96E-01
8 3.69E-01 3.63E+00 1.26E+06 9.79E+03 7.55E+09 1.31 E+00 3.64E+01 1.02E+03 1.43E+01 1.58E+00 7.19E-02 O.OOE+OO 5.30E-01
9 3.30E-01 2.60E+00 8.29E+05 8.09E+03 2.02E+09 1.19E+00 3.38E+01 7.26E+02 1.01 E+01 1.35E+00 6.05E-02 3.67E-01 3.57E-01

10 3.24E-01 2.02E+00 2.64 E+05 4.24E+03 6.25E+08 1.21E+00 3.41E+01 3.78E+02 6.53E+00 1.30E+00 5.80E-02 7.40E-07 4.09E-01
11 3.37E-01 2.37E+00 1.15E+05 2.60E+03 3.94E+07 1.11E+00 3.39E+01 2.27E+02 6.61 E+00 1.42E+00 5.67E-02 O.OOE+OO 4.81 E-01
12 3.29E-01 1.83E+00 1.16E+05 2.30E+03 4.09E+07 1.09E+00 3.38E+01 1.24E+02 6.03E+00 1.28E+00 6.90E-02 1.17E-03 3.89E-01

Total 2000 4.11 E+00 2.82E+01 1.29E+07 1.55E+05 5.85E+10 1.43E+01 4.18E+02 1.40E+04 1.89E+02 1.64E+01 8.06E-01 1.24 E+00 5.38E+00
2001 .1 3.28E-01 2.02E+00 9.91 E+04 1.70E+03 6.43E+08 1.19E+00 3.57E+01 1.32E+02 1.02E+00 6.25E-02 O.OOE+OO 3.83E-01
2001 2 2.62E-01 1.70E+00 1.76E+05 2.40E+03 8.34E+08 1.12E+00 3.19E+01 2.29E+02 1.15E+00 5.51 E-02 O.OOE+OO 3.50E-01
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2001 3 3.49E-01 2.02E+00 1.87E+05 2.19E+03 3.98E+07 1.22E+00 3.94E+01 7.60E+01 1.10E+00 1.01 E-01 2.80E-03 3.96E-01
2001 4 3.20E-01 1.75E+00 4.35E+05 2.00E+03 6.25E+08 1.13E+00 3.42E+01 1.16E+02 1.01 E+00 5.86E-02 0.00E+00 4.23E-01
2001 5 3.30E-01 1.86E+00 1.90E+06 1.19E+04 7.44E+09 1.13E+00 3.58E+01 1.85E+03 9.63E-01 6.66E-02 0.00E+00 4.41E-01
2001 6 3.20 E-01 1.78E+00. 2.09E+06 1.70E+04 1.35E+10 1.17E+00 3.40E+01 2.41 E+03 1.05E+00 5.63E-02 0.00E+00 3.58E-01
2001 7 3.22E-01 1.95E+00 1.76E+06 1.39E+04 1.28E+10 1.50E+00 3.70E+01 2.03E+03 9.15E-01 5.61 E-02 O.OOE+OO 3.70E-01
2001 8 3.15E-01 1.88E+00 1.76E+06 1.44 E+04 1.09E+10 1.30E+00 3.78E+01 2.10E+03 1.31 E+00 5.04E-02 O.OOE+OO 3.23E-01
2001 9 3.33E-01 1.88E+00 1.60E+06 1.30E+04 8.51 E+09 1.19E+00 3.45E+01 1.66E+03 9.04E-01 4.75E-02 5.98E-04 2.89E-01
2001 10
2001 11
2001 12
Total 2001 2.88E+00 1.68E+01 1.00E+07 7.84E+04 5.53E+10 o m + o 3.20E+02 1.06E+04 0.00E+00 9.42E+00 5.54E-01 3.40E-03 3.33E+00
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Table 15: S TP : Historic Monthly Discharges (2001)

Year M onth A lph a Beta C -14 Sr-90 Ru-106 1-129 1-131 Cs-137 P u -A lp h a Pu-241 A m -24 1 +C m 2 4 2
M Bq M Bq M Bq M Bq M Bq M Bq M Bq M Bq M Bq M Bq M B q

2001 1 4.07E-03 3.44E-02 2.46 E-02 3.30E-01 1.23E+01 7.54E-01 2.59E-02 1.15E-03 O.OOE+OO 7.81 E-03
2 6.04 E-03 3.58E-02 2.04E-02 4.37E-01 1.28E+01 5.49E-01 2.25E-02 1.13E-03 0.00E+00 6.70E-03
3 4.03E-03 2.93E-02. 1.70E-03 3.81 E-02 1.22E+01 6.17E-01 2.10E-02 2.29E-04 O.OOE+OO 5.56E-03

' 4 9.63E-03 7.39 E-02 1.78E+02 4.22E-02 9.06E-01 1.72E+01 1.79E+00 5.75E-02 2.42 E-03 O.OOE+OO 1.63E-02
5 8.80E-03 7.61 E-02 1.58E+03 4.08E-02 7.99E-01 4.91 E+01 1.23E+01 6.50E-02 2.25E-03 0.00E+00 1.39E-02
6 1.19E-02 8.72E-02 3.31 E+03 4.46E-02 8.35E-01 6.83E+01 8.46E+00 8.69E-02 2.91 E-03 1.06 E-01 1.73E-02
7 1.09E-02 8.95E-02 3.40E+03 5.41 E-02 8.66E-01 6.51 E+01 9.13E+00 6.80E-02 1.93E-03 2.18E-02 1.23E-02
8 1.74E-02 1.12E-01 3.40E+03 7.11 E-02 1.37E+00 6.39E+01 1.02E+01 8.01 E-02 3.09E-03 2.60E-02 1.65E-02
9
10 
11 
12

1.60E-02 1.25E-01 3.75E+03 4.56E-02 9.76E-01 4.62E+01 1.17E+01 7.65E-02 1.92E-03 2.00E-02 1.33E-02
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Aerial historic discharge data 1994 - sept 2 0 0 1  .xls

Ap p ro ve d  Places: H is to ric  M onthly D ischarges

Year Month A lp h a  Beta 
M B q  M Bq

2000 1 1.47E-01 3.47E+0-
2 1.38E-01 3.25E+01
3 1.47E-01 3.47E+01
4 1.22E+00 1.85E+01
5 1.26E+00 1.91 E+01

6 1.22E+00 1.85E+01
7 . 1.75E+00 3.88E+01
8 1.75E+00 3.88E+01
9 1.70E+00 3.75E+01

10 1 .1 1E+00 3.17E+01
11 1.08E+00 3.07E+01
12 1.11 E+00 3.17E+01

Total 2000 1.26E+011 3.67E+02
2001 1 1.38E-02 7.44E-01

2 4.11 E -0 2  2.08E+00
3 1.17E-01 5.68E+00
4 8 .7 4E -02  4.12E+00
5 2 .7 0E -02  9.95E-01
6 2 .2 9E -02  1.06E+00
7 3.41 E -0 2  1.35E+00
8 2 .7 0E -02  1.09E+00
9 3.9 0E -02  2.44E+00
10
11
12

Total | 2001 4.09E-01 ( 1 .96E+01

A p p ro ve d  Places: Historic Q u a rte rly  D isch a rg e s
/ Irm nnrv/ _ r in » n m U « . .  '

Year Q uarter A lp h a  B eta  
M B q  M B q

2000 Mar*00
Jun-00
Sep-00
Dec-00

4.32E-01 . 1 .02E+02 
3.70E+00 5.60E+01 
5.20E+00 1 .15E+02 
3.30E+00 9.40E+01

f Total 2000 1.26E+01 | 3 .67E+02

2001 Mar-01
Jun-01
Sep-01
Dec-01

1.72E-01 8 .5 0E + 00  
1.37E-01 6 .1 7E + 00  
1.00E-01 4 .8 8 E + 0 0  

0.00E+00 O.OOE+OO
Total 2001 4.09 E -011 1.96E+01

Sellafield R S A 9 3  R eview
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BNFL
British Nuclear Fuels pic

Sellafield
Seascale
Copibria CA20 1PC 
Tel: 019467 28333 
Fax: 019467 28987

Dr D Ferguson, 
Environment Agency, 
Ghyll Mount, Gillan Way, 
Penrith 40 Business Park, 
PENRITH,
Cumbria CA11 9BP.

Your ref: 019/5/004: 
019/3/002
Our ref: EA/02/2909/01

Direct tel: 019467 74042 
Direct fax: 019467 71603
e-mail: mike.brees6@bnfl.com

8 January 2002

Dear Dr Ferguson,

RADIOACTIVE SUBSTANCES ACT 1993 
AUTHORISATION NUMBER AF2256

In February 1999, you requested that an assessment be carried out, by the Company, on the impact 
of any aerial discharges arising from the transportation and storage of nuclear material external to 
buildings.

As you are aware, this assessment was completed sometime, ago but, because o f the current 
review of the Sellafield aerial and liquid discharge authorisations, its issue was delayed. The report 
has now been finalised and approved for issue and a copy is enclosed. It is hoped that the report 
will assist in our current discussions on Approved Places/Minor Outlets.

If  you need any further information, please contact me.

Yours sincerely,

P M Breese
Environmental Advisor, 
Sellafield Site EHS&Q.

BMF0022

Sellafield RSA93 Review
Main Review Decision Document

Supporting Information

Registered in England no. 1002607 
Registered office:
Risley W arrington Che sh ire  W A 3  BAS
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Job No 10/00329.09.03 Author E Kelly

Project Approved Places Checked H. Beatham

Subject Approved Places Approved 
assessment

Date 7- / .a  ^

Approved Places Discharges -  Environmental Assessment

Introduction

Sellafield aerial effluent discharges are authorised for two different types o f sources 
‘scheduled* stacks and ‘Approved Places*. For reporting purposes, under the terms o f the 
Sellafield aerial effluent authorisation, the various stacks are grouped into 5 schedules: high, 
intermediate and low stacks, Calder Hall and Thorp.

Approved Places are defined in the Certificate of Authorisation, and its associated 
Implementation Document, and are a variety of potential minor sources of radioactive aerial 
effluent. They include non-scheduled stacks, building extracts, vents and ducts, and other 
sources such as open pond surfaces.

Unlike the scheduled stacks, which are monitored directly, the contribution o f Approved 
Places to total site discharges is calculated indirectly by a methodology agreed with the EA. 
This uses data on activity concentrations in the air at the site perimeter making a correction 
for the monitored discharges from the scheduled stacks. The annual limits for total Approved 
Places discharges are:

• alpha 5.0 x 108 Bq
• beta 1.3 x l 0 ‘°Bq

For any single Approved Place source, if  discharges are less than 0.1 % o f the Site limit for 
Approved Places, it need only be recorded on the register. However, if  an Approved Place 
contributes more than 0.1% of the Site limit, approval is required from the EA prior to 
discharges commencing. Such sources may be sampled, monitored and reported on a routine 
basis. Currently one Approved Place falls into this category, the B259 Tanks Extract

Aerial effluent data covering the period 1998 to2000 are presented in Table 1 for information. 
The figures show that the Approved Places discharges are within the annual limits quoted 
above. Discharges from B259 have remained above the 0.1% limit (0.1% of the limit 
corresponds to 5 x 105 Bq alpha and 1.3 x 107 Bq beta).

Sellafield R S A 9 3  R eview
Main Review D ecision D o cu m en t
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T able 1 Aerial effluent discharge data for 1998 to 2000

Aerial effluent source Alpha
(Bq)

Beta
(Bq)

1998 1999 2 0 0 0 1998 1999 2 0 0 0

Approved Places 2 . 10  x 10^ 1.00 x  107 1.20 x 107 9 .70 x 108 1.37 x 109 3 .67 x 10s

B 259 tanks extract 1.74 x 106 3 .0 0  x 106 1.37 x l O6 3.93 x  10^ 3. 15 x 10" 5 .64 x 107

The current register o f Approved Places lists the following information:
• Approved Place name, building number and source of radioactive discharge.
• Best Practicable Means (BPM) -  methods used to limit radioactivity release.
• Monitoring arrangements in place.
• Assessed discharges in terms o f total alpha and total beta in Bq/year.
• Assessed environmental impact in terms of radiation dose in p.Sv/year.

For many Approved Places, the assessed discharge is based on actual samples taken from 
stacks or ventilation systems. For example, in some cases, the aerial source is the building 
ventilation from working areas o f plants in the Separation Area, in which case the discharge 
can be estimated from air monitoring in the plants concerned. There is a minority of 
Approved Places where no estimate of annual discharges is currently given. This may be 
because direct measurement is difficult or measurements have yielded results below the limit 
o f detection. Expert judgement based on experience and local knowledge may indicate that 
any aerial discharges will be negligible;

Background to this assessment

Paragraph 1.6 o f the 'Sellafield Aerial Effluent Authorisation Implementation document: 
Disposal o f low level gases, mists and dusts from the premises of British Nuclear Fuels at 
Sellafield'(BNFL, 1999) states that:

'In accordance with paragraph 3b o f  the certificate o f  authorisation the C h ief 
Inspector and the Minister give approval for  'approved p laces' to include any 
operation and equipment on Sellafield  Site associated with the transportation and 
storage o f  nuclear material external to buildings

The Agency have requested BNFL to carry out a formal assessment o f potential releases 
associated with the transportation and storage of nuclear material external to buildings, but 
their r e q u e s t :

'recognises... that it would be im practical fo r  BNFL to carry out such an assessment 
f o r  individual movements...external to buildings because they take p la c e  frequently. 
The Agency therefore advises that an assessment should be carried  out on a  generic, 
site wide basis... o f  different types o f  m aterial ’
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Further that, 'the Agency considers that the number o f  locations on site where material 
is stored  external to buildings is small and hence individual assessment would be 
appropriate. ’

This report has been prepared in response to the EA request.

Outline assessment methodology

The assessment methodology can be summarised in the following steps:
• Identify possible additional Approved Places via a brainstorming session focusing on the 

storage and movement of radioactive material external to buildings.
• Screen the initial list based on well-defined and transparent screening criteria.
• Assess any remaining potential aerial discharge sources based on simple generic 

calculations and/or additional qualitative evidence.
• Determine if the Approved Place is significant enough to be classed as greater than 0.1% 

of the total Approved Places discharge limit.

Identification of possible Approved Places

A workshop was held to identify possible Approved Places, focusing on the storage and 
movement of material external to buildings. Hie workshop was attended by a range of staff 
representing Environmental Risk Assessments, Sellafield Safety Services and the operating 
business units at the Sellafield site. Possible sources were identified by brainstorming and are 
listed separately based on storage or movement in Tables 2 and 3 respectively.
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Table 2 Storage of material external to buildings

Potential Source Notes

PCM crates B209 Compound
LLW  Waste containers External to buildings in Separation Area
ILW  Waste containers ILW liners external to buildings — lidded but not sealed 

within Retrievals area
B 304 Storage Compound
North Group Tritium Mortuaries
B385 Compound Old Magnox and AGR flasks
B46 Compound Storage area near B30 for occasional storage of 

equipment, with some contamination.
Roofs in Separation Area e.g. re-suspension of material from roofs
Material on roofs e.g. contaminated Acid lancing equipment on B205
Roofs outside Separation Area
Open Pond surfaces e.g. B27, B29, B30, B31, B310, including the lagoon 

(B225)
Pond infrastructure e.g. cranes, masts, rails above ponds
B280 Effluent tank Open topped
Laundry sump Brick work tank, fills with water, monitored prior to 

discharge via sea lines
Roads
Separation Area surfaces
Pipe trenches e.g. re-suspension of fine material
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Table 3 Movement of material external to buildings

Potential Source Notes

Fuel flasks Receipt & export. Including ‘sweating’
Swarf flasks B38 to MEP 

FHP to MEP 
Thorp to WEP

Waste containers ILW -  MBGW ~ 6 flask types 
HEPA filters (MBGW, ILW, LLW) 
Drigg -  Half height ISO freights 
WAMAC -  ISO skips 
WAMAC -  Heavy duty skips 
Vitrification products

PCM drums
SDP flasks Sellafield Drypack Plant — flasks designed to vent
Uranium drums
Plutonium cans
Exports to MOX Demonstration 
facility (MDF)

SAF kegs 
Pu cans

Dounreay flasks
Construction materials Spoil -  extracted and moved into skips 

Soil -  extracted and moved into skips 
Rubble -  extracted and moved into skips

Analytical samples Pneumatic transfer system
Bags of laundry/safety 
equipment
Transfer of contaminated items 
and material

Transfer to Decontamination centre (B259) — sealed prior 
to movement

Liquid effluent bowsers e.g. Calder, SETP, etc.
Waste oil Drummed

Bowsers

Screening of possible Approved places

Most of the potential sources identified in Tables 2 and 3 have been screened out from further 
consideration as Approved Places based on discussions at the workshop and subsequent 
follow up discussions. The reasons for these screening decisions are clearly set out in Table 
4.

A key screening argument is that, if an item or container has surface contamination levels 
below the minimum Health Physics criteria for a non-active area (less than 4 Bq/cm2 beta and
0.4 Bq/cm2 alpha loose contamination.), then it is reasonable to assume any aerial release o f 
radioactivity will be insignificant.
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Table 4 Screening arguments for eliminating potential Approved Places

Screening argument Potential Approved Place eliminated

- Movements will comply with Health 
Physics criteria.
- Movements undertaken in approved 
containers and subject to routine monitoring.
- Plant Safety Cases cover accidental 
releases during transfers/movement of 
material.
- Movement o f materials is covered under 
relevant RPR's and SLR's.

Movement o f  Fuel flasks
Movement o f  Swarf flasks
Movement o f  Waste containers
Movement o f  PCM drums
Movement o f  Uranium drums
Movement o f Plutonium cans
Exports to MDF
Movement o f Dounreay flasks
Movement o f Analytical samples
Movement o f laundry/safety equipment bags
Movement o f contaminated material to B259
Movement o f Liquid effluent bowsers
Movement o f Waste oil

- Storage o f material will comply with 
Health Physics criteria.
- Storage utilises approved containers and 
subject to routine monitoring.
- Plant Safety Cases cover accidental 
releases.
- Storage requirements covered under 
relevant IPRs, RPRs and SLRs.

PCM crates in B209 Compound 
B304 Storage Compound 
B385 Compound 
B46 Compound 
ILW waste containers

- Ponds, lagoons, etc, are all assessed within 
the relevant Plant Safety Case.

Open Pond surfaces 
Pond infrastructure 
B280 Effluent tank 
Laundry sump

Various Sellafield Site forums/committees 
are currently dealing with issues such as 
wildlife habitats, behaviours and facility 
improvements which will address potential 
sources..

Roofs in Separation Area 
Roofs outside Separation Area 
Material on roofs

Does not constitute ‘storage of material’ Pipe trenches 
Separation Area surfaces 
Roads

Notwithstanding the above screening process, it is worth noting that some o f the potential 
sources listed in Table 4 are currently recorded in the Sellafield list of Approved Places. 
Examples include B27, B29, B30, B31 & B310 pond surfaces and the B46 Compound. As 
the main purpose o f this work package is to identify and assess additional Approved Places, 
these sources have not been considered further.

The screening process leaves a number o f potential sources outstanding, which require further 
consideration. These are listed below:
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• Storage o f  LLW waste containers
• North Group Tritium Mortuaries
• Movement of flasks with a designed capacity to vent (e.g. SDP flasks)
• Movement of construction material in unsealed skips

Each of these potential sources is considered in the following sub-sections.

1. Storage of LLW  waste containers

A simple, generic calculation has been carried out to assess potential aerial releases from 
LLW containers. The calculation is based on a number of assumptions both conservative and 
realistic, which are highlighted in the accompanying description.

1.1 Source term

The basis of the calculation is a waste container filled to capacity with LLW  close to 
maximum activity limits stored outside a building for 1 year. The calculation is summarised 
in Table 5.

There are around 80 different LLW waste streams associated with the Sellafield site, which 
have different waste compositions, radionuclide contents and physical and chemical 
properties. A number of different LLW container designs are utilised (skips, ISO freights, 
etc.) depending on the waste stream. This calculation is based on the standard blue LLW skip 
with a capacity of around 5000 kg. It is recognised that additional calculations could be 
carried out for other LLW container designs, some of which have a larger capacity.

Radioactivity limits for LLW are 4 GBq/tonne alpha and 12 GBq/tonne beta/gamma, which 
translate into a maximum radioactivity content of 2 x 1010 Bq alpha and 6 x 1010 Bq beta for a 
5000 kg skip filled to capacity. This is a very conservative assumption as most LLW  is far 
below the maximum radioactivity limit. However, it is difficult to justify an alternative 
assumption without additional research into typical LLW activity values.

It should also be noted that as the Approved Places regulation is based on an annual limit, it 
has been assumed that the skip is filled to capacity outside a building for an entire year. In * 
reality, the time LLW containers spend in service is variable, some fill up and are replaced 
every few weeks while others may have a turn around time of up to 18 months; it depends on 
the rate of waste arisings.

Therefore, activity and refill correction factors (see Table 5) have been set at 1 (no effect) but 
it is recognised alternative correction factors could be used to reflect different assumptions.

.1.2 Containment

It is reasonable to argue that not all the inventory in a waste skip will be available for release 
due to containment. Factors to account for containment have been obtained from the Release 
Fraction Database (RFDB) developed by BNFL Safety & Environmental Risk Management.
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This information source is routinely used to underpin a wide range o f Plant Safety Cases and 
Safety Assessments produced for the Sellafield site.

About 70% o f  LLW  is bagged prior to emplacement in waste skips. If  LLW was bagged to 
the standard o f PCM, a containment factor of 1 O'7 could be employed. As this may not be the 
case, a factor for ‘soft waste’ o f 10-6 has been used (Source: RFDB entry 2.4). The remaining 
30%  o f waste may be wrapped in sheeting or placed in the skip as loose material (e.g. large 
items). A containment factor of 1 O'4 may be more appropriate for this source. Containment 
due to the skip lid also needs to be accounted for and a factor of 0.1 has been obtained from 
RFD B 6.4.

To summarise the modifying factor to account for containment is as follows:
(1 x 10-6 * 0.7) + (1 x 10-4 * 0.3) = 3 x 10'5
3.1 x lO 5 * 0.1 - 3  x 10-6

These considerations yield a potential inventory available for release o f 6 x 104 Bq alpha and 
1.8 x 10s Bq beta.

1.3 R elease

Finally, it would be unduly conservative to assume that the inventory potentially available for 
release after taking containment into account would actually be released or lead to exposure. 
Therefore it seems reasonable to apply a respirability factor of 1 O'2 which is routinely used in 
other safety assessments for contaminated solid waste (Source: RFDB 7.7, release from 
contaminated solid waste).

This modifying factor yields final values o f 6 x lO2 Bq alpha and 1.8 x 103 Bq beta, which are 
within 0.1%  o f the Approved Places annual limit (0.1% of the limit corresponds to 5 x 105 Bq 
alpha and 1.3 x 10? Bq beta). The complete calculation is summarised in Table 5 with 
separate columns for alpha and beta release values.

Note this calculation has been carried out for a single waste skip. An additional calculation 
would be required if  all the LLW waste containers on site are to be treated as a single source 
for the purposes o f Approved places regulation. It has been estimated that there are not more 
than 200 LLW waste containers available on the Sellafield site and not all of these will be in 
use simultaneously. The calculated release will depend on assumptions concerning the total 
number o f containers, the relative numbers of different designs and capacities, the average 
inventory in each, annual refill rates, etc.

Table 5 Release calculation for LL W  container

Reference Container: Standard Blue LLW skip alpha release beta release

LLW  max concentrations (Bq/kg) 4.0E+06 1.2E+7
Skip mass capacity (kg) 5000 5000
Skip activity capacity (Bq) 2.0E+10 6.0E+10
Activity correction factor 1 1
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Refill correction factor - 1 1
Source term (Bq) 2.0E+10 6.0E+10

Containment
Due to waste containment (RPDB 2.4) 3E-05 3E-05
Due to skip lid (RFDB 6.4) IE-01 IE-01
Available source term (Bq) 6.0E+04 1.8E+05

Release from contaminated solid waste (RFDB 7.7)
Respirability 1.00E-02 1.00E-02

Release for 1 waste skip (Bq) 6.0E+02 1.8E+03

0.1% of Approved Places limits (Bq) 5.0E-KJ5 1.3E+07

2. North Group Tritium Mortuaries

2.1 Background

Two redundant tritium mortuaries (B124 and B 138) are located on the Sellafield site. B 124 is 
a monolithic reinforced concrete block (3.5m x 3m x 2.5m), located above ground on a drip 
tray with steel support framework, having been removed from its original location. Hie entire 
structure is covered with a weatherproof *Dri-ClacT cover. Set into the concrete block are a 
number of storage tubes. B138 is a reinforced concrete structure (9m x 3m x 2.5) set in a pit 
below ground and also contains vertical storage tubes. The B124 and B138 Tritium 
Mortuaries were designed to store contaminated items used in tritium production. They have 
not been used since the late 1950's, early 60's, but still contain some residual tritium 
contamination. Plans for the decommissioning of B124 and B138 are currently being 
prepared.

2.2 Radioactive content

The estimated present day inventory is estimated to be less than 5.5 x 1014 Bq. This is the 
estimated maximum inventory based on conservative assumptions and the actual inventory is 
most likely to be lower.

In 1992 prior to a structural survey of B 124 for decommissioning purposes, a sampling survey 
of the air in the vicinity of B 124 was carried out. A bubbler sample unit was used to pull air 
from in and around the mortuary drip tray. The tritium level of 1.27 x 104 Bq/m3 compared to 
the Derived Air Concentration limit at the time of 8 x 105 Bq/m3. This result led to the 
conclusion that there would be no significant release of airborne tritium due to the removal of 
the weatherproof cover. As part of the subsequent survey, alpha, beta and tritium monitors 
were used and no problems were identified. Airborne contamination levels o f up to 11 
mBq/m3 alpha and 40 mBq/m3 beta were recorded which were only a few counts per minute 
above background.

There is routine sampling and analysis o f water samples from the B 124 drip tray and B 138 
sump every 2 months. Often the B124 drip tray is dry but past results have revealed only low
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levels o f radioactivity ~ 0.14 Bq/ml. In 1999 there was a programme o f sampling from B138 
which indicated only low levels o f tritium in the sump water.

To conclude all recent survey and monitoring work suggests that tritium levels around the 
mortuaries are low. This suggests that the tritium content of the mortuaries is no longer 
significant due to radioactive decay or that the tritium remains contained within the storage 
tubes. It would seem appropriate that issues concerning the aerial discharge o f radioactivity 
from the tritium mortuaries should be dealt with as part of the facility decommissioning 
project rather than this general survey o f potential Approved Places*

3. Movement of flasks designed to vent -  SDP flasks

The Sellafield Drypack Plant (SDP) is not yet operational so this is a potential future source of 
aerial discharges. Please note the SDP flask ventilation design is currently under review. The 
revised design could have a significant impact on flask discharges. Therefore, the following 
information should be treated with caution, it is merely indicative not definitive.

3.1 Background

During B38 retrievals using the Silo Emptying Plants (SEPs), waste is required to be 
transported across the site to SDP. The method adopted for this transfer will be to fill a 
container inside the SEP mobile cave and to lift it into a bottom entry flask, as defined by SEP 
machine design requirements. The flask will then be lifted onto a rail transport trailer and 
moved along the rail network to SDP.

The waste to be exported in the flask is Intermediate Level Waste (ILW). In addition to the 
radiological hazards, the waste generates hydrogen and there is a risk that pyrophoric uranium 
hydride if  present might be ignited if  the waste is not kept wet. The radiological hazards are 
managed by the shielding and containment design of the transport flask.

There are three basic types o f solid ILW expected from the silos: Magnox swarf, sludge and 
miscellaneous beta gamma waste. Some silo liquor will also be transferred with the solid 
waste. In practice, any mix o f these waste forms could potentially be transferred in a single 
flask load. Due to the possibility o f pyrophoric material ignition should the waste dry out, all 
flask transfers will be carried out with the waste covered with liquor. This may be silo liquor, 
or demineralised water may be added in order to achieve this requirement. The SEP retrieved 
procedure will ensure that liquor is covering all the waste to prior to export. Transport o f the 
waste must not compromise the liquor cover.

3.2 Atmospheric release control

Magnox metal, uranium and other material in the waste will generate hydrogen when in 
contact with water. This clearly presents an explosion hazard that needs to be controlled. As 
a consequence, the measures taken to control hydrogen need careful assessment.
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In order to ensure that the atmosphere in the flask operates with no risk of explosion, steps 
will be taken to maintain the hydrogen concentration in the flask to less than 1% v/v of 
hydrogen in air which is 25% of the lower flammable limit (LFL). By following this 
approach the atmosphere in the flask is defined as Non-Hazardous according to the guidelines 
of BS5345 and BS EN 60079*10. However, filtration of the atmosphere leaving the flask is 
required for radiological protection purposes. This will be achieved by using passive filters 
on the top o f the flask to allow the hydrogen to vent to atmosphere. The maximum hydrogen 
production rate from a skip will occur during the transfer of sludge containing Magnox fines.
The hydrogen generation rate- to be used for filter design purposes is 300 cm3/min, as 
determined from hydrogen data from B38 third extension compartments.

The flask filter medium will be 8 micron random stainless steel metal fibre. Trials have 
demonstrated the performance of this filter medium. The filters must be engineered to be 
compatible with their working environment whilst maintaining the necessary level o f 
protection. In particular, the hydrogen release performance of the filters must be 
demonstrated in wet conditions (due to condensation or rain). A comprehensive set o f trials 
will be carried out on the final filter design. In addition to the control of hydrogen release, the 
flask filters will have an ability to retain active particles. As discussed below, a 
Decontamination Factor (DF) of 10 is required, although filters which will give the required 
hydrogen release performance are readily available with measured DFs at least an order of 
magnitude higher than this.

3.3 Atmospheric release

There is a potential to generate active liquor aerosol due to mechanisms such as evaporation 
and releases by surface agitation or hydrogen bubble burst. Any internal waste container 
design will need ventilation to allow free release of hydrogen generated by the waste and so 
the flask atmosphere will become loaded with active aerosol. However, in practice there will 
be only slight movement of the air in the flask atmosphere caused by the flow o f hydrogen. •
At the maximum hydrogen release rate of 300 cm3/min, the Release Fraction Database gives 
the activity in the flask atmosphere (assuming a lm2 surface for release within the flask 
environment) to be in the order of O.OlMBq/day. The gas release will occur through filters. 
Assuming a readily achievable DF of 100 for the filters, the maximum activity on the outside 
of the filter will be 100 Bq/day. There is however another release mechanism for aerosols 
through the flask door. The release fraction database assigns a DF of 10 for such an opening. 
Assuming that there is no build up of liquor at the flask door the atmosphere outside o f the 
flask door will locally have an activity of up to 1000 Bq/day.

Translating the latter figure into an annual value yields 3.65 x 105 Bq per year. However, as 
stated above, these data refer to a flask that is currently being redesigned, the new design is 
expected to address the issue of releases through the flask door. Therefore, for future releases, 
the DF of 10 used in the above calculation is considered pessimistic. Even so the calculated 
annual value is well below 0.1 % of the Approved Places annual limit (0.1% of the limit 
corresponds to 1.3 x 107 Bq beta and 5 x 105 Bq alpha).

4. Movement of construction material in unsealed skips
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Construction activities within the Sellafield Separation Area are subject to strict controls and 
monitoring (before, during and after any operation). It is recognised that there iis a potential 
for aerial release from contaminated material (e.g. soil, rubble) transported in open skips. 
However, it is difficult to carry out a simple generic calculation for this potential source, 
similar to that carried out for LLW waste containers, because it is not obvious how to derive 
‘representative’ source terms or containment values. Therefore, the following qualitative 
reasoning is presented to argue that this potential source will not be significant:
• all skip movements will comply with Health Physics criteria regarding maximum allowed 

levels o f  alpha and beta contamination. This should ensure any aerial releases are not 
significant.

Conclusions

The following conclusions may be drawn from this brief environmental assessment of 
Approved Places, focusing on the storage and movement of material external to buildings:

• The contribution o f Approved Places to total aerial discharges from the Sellafield site is 
calculated using a methodology agreed with the Environment Agency. Data for recent 
years show that discharges are within the annual limits for Approved Places. Estimated 
releases o f radioactivity from the storage and transport of nuclear material (external to 
buildings), contained in this assessment, are a small proportion of the Approved Places 
limit and are consistent with the calculated Approved Places discharges.

• Most potential sources can be removed from further consideration by simple qualitative 
screening arguments

• An assessment calculation for storage of LLW waste containers suggests that any releases 
will be below 0.1% of the Approved Places annual limits. However, it should be noted 
that any simple generic calculation is very dependent on the assumptions which underpin 
it.

• Recent monitoring and survey work suggests tritium release from the B124 and B138 
mortuaries is not significant. It is more appropriate for this issue to be addressed by the 
relevant decommissioning project rather than this general survey of Approved Places.

• Preliminary assessment calculations are available for vented SDP flasks which indicate 
that any releases will be less than 0.1 % o f the Approved Places annual limit. These values 
should be treated as indicative as design work is still ongoing.
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British Nuclear Fuels pic

Sellafield
Seascale
Cumbria CA20 IPG 
Tel: 019467 28333 
Fax: 019467 28987

Direct tel: 019467 74600

Direct fax: 019467 74797 
e-mail:

Your ref: SEL/SR01/658; 
MRE/MRE/659/01

Our ref: EA/01/2885/02; 
DDST/02/0133 
14 January 2002

Sellafield Authorisation Review: Update of Past Disposal Information

In response to your letter of 8 November 2001, and further to our response dated 21 December 
2001, the enclosed disk contains the available updated information on monthly liquid discharges 
from the Sellafield site in 2000/2001. Any further information that you require can be discussed at 
our regular liaison meetings and provided as appropriate.

Yours sincerely 

p.

R G Morley
Manager -  Environmental Discharges Strategy Group 
B407/1

Environment Agency 
Ghyll Mount 
Gillan Way
Penrith 40 Business Park
Penrith
Cumbria
CA11 9BP

Dear Dr Emptage,

Copied to: Regulator Liaison Office, B 113

i Sellafield RSA93 Review
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Registered in England no. 1002607
Registered office:
Risley Warrington Cheshire WA3 6AS
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TaW » 2: EARP B ulk s: historic monthly disctergas (January 1994 - SipM m bic 2001)

1994 1 3.34E-01
1B94 2 4,896*01
1994 3 2.066*03
1994 4 1 .806*03
1B94 5 B.4BE*02
1994 6 6.05E+03
1994 7 3 .936*03
1994 8 2.73E *03
1994 9 2.01E+C3
1994 10 B.38E-01
1994 11 5.50E*01
1994 12 2X8E+03
1094
1005
IM S
1995
1995
1995
1995
1995
1995
1995
1095
1995
1095

Total
1
2
3
4
5 
e
7
0
9
10 
11 
12

Total
1
2
3
4
5 
B 
7
a
9
10 . 
11 
12

H-3 C-14
G Bq

Z.70E-02 
1.01E-01 
7.91E-01 
1.24E+00 
B.02E-01 
2 .906+ 00 
3 .2 8 6 *0 0  
3 .2 6 6 *0 0  
1,30E *00 
8.206-03 
3.09E-02 
7.096-01 

~ 1 .4 2 E *o r

Co-60
GBq

Sr-»0
GBq

Zr+Nb-95 Tc-M 
GBq GBq

2.13E-02 
6  036-02 
2.166-01 
1.69E-01 
1.17E-01 
5.71E-01 
6.296-01 
S.01E-01 
2.19E-01 
6.006-03 
4.45E-02 
2.90E-01

1.816-01 
1.806-01 

2.266+00 
3.03 E+00 
2.77E*01 
5.90E*00 
1.45E*00 
3.23E+00 
3.52E*01 
1.12E-01 
1.686*02 
1.576*02

6.00E-02 
2386-01 
5.396+00 
6.90E-01 
3.78E-01 
2 .706*00 
3.69E+00 
2 .546*00 
1.01E+00 
2-9 IE -02 
2.41E-01 
1.786*00

Ro-106
GBq

1.62E-01 
2.44E+01 
1.65E+02 
2.706*02 
1.78E+02 
5.56E+02 
4,756+02 
4.52E+02 
1.816+02 
3. tSE-CI 
3.46E+01 
1.916+02

1.56E-01 
2.28E+00 
3.24E+01 
4.766*01 
9.106-01 
7.01E+01 
1X96+02 
6.31E+01 
2.056+01 
1.84E-01 
3.0TE*00 
3.09E+01

1-129
GBq

Cs-134
GBq

3.14E-02
4.006-02
2.03E-01
1.88E-01
3.016-01
7.07E-01
1.106*00
1.87E+00
2.7B6-01
1.34E-02
2.32E-02
S.21E-01

1.916-02 
7.41E-02 
3.136-01 
1.64E-01 
1.39E-01 
7.02E-01 
7.466-01 
6.556-01 
2.666-01 
9 JOE-03 
8.61E-02 
1.706*00

C v i 37 C»-144
GBq GBq

3.34E-02
3.68E-01
1.30E+00
2.246-01
1.286-01
9.17E-01
2.566*00
1.18E+00
8.456-011.07E-02
5.066-01
2.91E+00

4,636-02 
2.626-01 
1.146*00 
7.4 IE-01 
2.706-01 
2096*00 
2.886*00 
1.906+00 
B.37E-01 
2.366-02 
4.39E-01 
1.196*01

Pu-alplta
GBq

4.52E-01 
4.79E-02 
1.19E-01 
1.226-01 
2.22E-01 
S.916-01
4 88E-01 
3.01E-01 
2.29E-01 
1.20E-02 
2.636-01
5 4 RE-01

Pu-241
GBq

Am-241
GBq

Alpha
GBq

BS4E+03
7.B7E+03
1.42E+04
1.3SE+04
133E+04
1X1E+04
t.5BE+04
1.666+04
2.786+04
1.78E+04
1.83E+04
1.156*04

3.12E+00 
2.27E+00 
3 .1 1 6 *0 0  
4.74EMJ0 
4.25E+00 
6.30£*00 
5.086+00 
4 .7 0 6 *0 0  
6.43E+00 
4.34E+00 
3.796+■00 
5.656+00

2.B4E+00
1.54E+00

4.04E+02

1.896*00 
1.11E+00 
9.636-01 
B.50E-01 
1.07E+00 
3 .216*00 
3 .866*00 
8.606-01 

2 .696*00  
2 066+00 
2 306+00

veoe+oi
1.67E+01 
9 .416*00 
1.216*01 
2.00E+01 
1.596*02 
2.346*01 
5,386*01 
5.786*01 
1.086+02 
4.82E+01 
2.03E+01

1.666+01 
1.67E+00 
I.40E+00 
1.41 E*00 
1.89E+00 
1.686+00 
1.916+00 
2.62E+00 
3.906+00 
239E+00 
2.1 BE+00 
3 47E+00 
2.65E*00

1.12E+01 
7.71 E-01 
9.19E-01 
6.606-01 
8.15E-01 
4.10E+00 
2.22E+00 
1.366*00 
2.93 E+00 
1.01 E-02 

6 466+00
_________ ______________________________ __________________________ 2 X 3 E * 0 0 ______________ __ ___________________
2.54E+03 4 00E+02 5.38E+00 «.a8E*00 1.106*01 2.24E*01 3.39E+00 3.37E+01 2.776*00 1.026*00 4 63E+C3 8 396*01

4.606-02
4X56-02
B.63E-022.166-01
2.45E-01
3946-01
3.33E-01
3.04E-01
2386-01
1.40E-02
2.09E-01
6.27E-01

4.2 IE-01 
5.02E-02
2 59E-02 
1.97E-02 
5.71E-02 
2.B8E-01 
6.18E-02 
1.16E-01 
1.58E-01
3 60E-03 
4.18E-01 
3.06E'01

BaU'3
GBq

Uranium

1.B8E+00
2.8SE+01
0.70E+01
2.S1E+02
6.24E+02
8.87E+02
7.26E+02
0.11E+02
8.ME+02
8.S2E+00
4.19E+02soce+gg

1.23E+00
1J7E+00
4.04E+00
3.48E+O0
4.S1E+00
1.0IE+01
0.63E+00
1.046*01
5.87E+00
4.836-01
1.78E+00
1.116*01

4.74E+Q2 
4.02E+02 
SJ2E+02 
4.776*02 
5.01 E+02 
6.84 E+02 
6.B8E+02 
5.85E+02 
1.01E+DB 
8.406*02 
5.356*02 
3.16E+02

6296*01 
B.26E+01 USE+02 
1.716*02 
2.81E+02 
2.42E*02 
1.74E+02 
3.11 E+02 
3.02E+02 
1.70E*02 
1.ME+Q2 
1.67E+02

7.35E^>1 
4.82E-01 
9.06E-01 
8.0SE-01 
1J9E+00 
B.30E-01 
6.96E-01 
8.16E-01 
B.46E-01 
0.80E-01 
0.81 E-01 
6.4 IE-01 
0.77E+00

7.41E-01
4.81E-01
S.48E-01
8.98E-41
8.08E-01
Z.B2E+00
1.0IE+00
1.82E+00
1.04E+00
6.7lE-Ot
1X56*00
9S9E-01
1.25E*01

1.476+00 
9.0 IE-01 
4.036-01 
USE+00 
1.956*00 
5.39E*01 
8.706*00 
3.066*01 
1^06*01 
1.116*01 
7.81E*00 
7.306*00 
1.50E+Q2

2.39E+00 
1.706*00 
I.99E+00 
2.406*00 
3 02E+00 
8.066*00 
353E-+00 
1.066*01 
4.01E+00 
3.256*00 
8.126*00 
3.11E-+00 
4.826*01

u o e ^ ji  
1.80E-01 
3.026-01 
1.62E-01 
9.416-02 
4.406-01 
1.25E-01 
1.356-01 
4.106*01 
1.43E-01 
1.316-01 
2.08E-01 
2.60E+00

8.31E-01 
4.61 E+00 
1.01E+01 
5.596*00 
1.696+00 
1.436*01 
2.38£*00 
3.016*00 
1.286*01 
2.836*00 
2X56*00 
6.486*00 
6706*01

3,196-01
1.81E-01
2.486-01
1796-01
2.326-01 
1.816-01 
3X8E-01 
3.686-01 
3.956-01 
S.Q4E-01
3.326-01 
2 82E-01 
3.876*00

6.36E-02 
1.396-01 
3^96-01 
2.386-01 
1.126-01 
5.30E-01 
2.146-01 
2.196-01 
6.71 E-01 
2.3SE-01 
1.48E-01 
2,756-01 
3.17E*00

3.936+0Z 
3.17E+02 
8 21E+02 
6.3SE+02 
8.706+02 
8.606*02 
8.77E+C2 
8 756+02 
1.01 E*03 
8.626*02 
7.136*02 
4.856*02 
8 3 3 6 *0 3

1.14E+01 
5.306+00 
1.056*01 
1.086*01 
8.21E+00 
8.996+00 
1.136*01 
1.136+01 
1.26E+01 
1.126+01 
7.606+00 
1.06E+01 
1.206+02

1095
1986
1990
1990
1990
1998
1990
1996
1996
1990
1990
1996
1996
1996

1 .806*05 
1 .606*04 
8 .786*03 
3 .316*03 
5.53E*01 
3.52E*03 
4 ^  BE+03 
9 41E+02 
3 .406*03 
5^ 1E *03  
4.97E*03 
5.07E+03 
5 .17E*03

Total

4 .66E *00 
7 .48E *00  
4 ,B7E*00 
5.726-01 
1.70E*00
2&oe*oo
2 .11E *00 
9.05E+00 
3 .866*00  
3 .6 6 6 *0 0  
2 .13E *00

__________ 6 .786*00
B 3 1 F *0 4  4.06E+01

3.616*00 
1 ,056*00 
5.35E-01 
1.476-01 
9.066-01 
7.106-01 
5.55E-01 
4 .156*00  
7.636-01 
6.456-01 
1X 86*00 
B.37E-01 
1.536*01

2.42E+01 
1.456*01 
5.27E+01 
4 ,156*00 
7.476*01 
3.82E+01 
5.48E+00 
1.8BE+01 2J6E+01 
1.616*01 
4.73 E+01
5.006*01

2.34E+00
2 22E *00 
2.21 E+00 
6.4 IE-01 
1.806*00 
2.87E+00 
8.026-01
3 67E+00 
2 .396*00 
2.24E*00 
2 .006*00 
3 22E+00

5.796*02
6.106*02
8.83E*02
6.18E+01
2.02E+02
4.22E+02
8.536*01
5.11E+02
7.45E+Q2
6.886*02
4.396+02
6.166*02

2.756+02 
4 316+02 
2.71 E+02 
3.086+01 
7.406*01 
2.306*02 
5.43E*01 
4 JO E+02 
3.656*02 
2.52E+02 
225E+02 
4.506+02

1997 1
1997 2
1997 3
1097 4
1907 5
1997 6
<997 7
1997 8
1997 9
1997 10
1997 11
1997 12

1.31E+02 
4 .946*00  
1.98E+01 
8 X 8 6 *0 0  
5.67E+00 
2 03E+01 
1.B2E+02 
8 54E+01 
1 .046*03 
2.14E*03 
2 .916*03 
3.4 0 6*03  
1.066*04

0.7 IE-01 
S.45E-02 
4.426-01 
1.99E-01 
6.466-02 
2.60E-O1 
1 .166*00 
1.406+00 
1.72E+00 
4 .506*00 
8.27E+00 
1.73E+Q1
3.64E*01

2.506-01
4.646-02 
1.18E-01 
6.806-02 
2.18E-01 
1.13E*00 
5.766-01
8.646-01 
2 .366*00  
4.64E+00 
4 .006*00 
2.07E+00

3 69E+02 2.62E+01 S.B4E+03 3.10E+03 
3.08E+01

4.01 E*00 
3.866*00 
2.826*00 
2.65E-01 
3.12E+00 
9.46E-01 
4.526-01 
2.45E*00 
6.60E*00 
5.0SE+00 
I.36E+01

___________________________________________ 9 04E+00
6.506+00 9.18E+00 5.95E+01 5.816*01 2.17E+O0 5.296*01

1.12E+00 
1.066*00 
6.746-01 
1.12E-01 
2.75E-01 
5.456-01 
1.316-01 
4.906-01 
3.756-01 
3.75E-01 
6.31E-01 
6.74E-01

8.586-01 
8.146-01 
8.5 IE-01 
1.79E-01 
3.85E-01 
8.566-01 
J.71E-01 
1.34E+00 
1.00E+00 
8.11E-01 
7.766-01 
1.14E+00

3.76E+00 
3.206*00 
0,166+00 
6.806-01 
2.02E+00 
4.806*00 
8.14E-01 
6.S1E*00 
5.41E+00 
4 406+00 
7.966+00 
1.37E+01

1.206*01 
4.606*00 
3.316*00 
4.98E-01 
1.74E*00 
2 66E+00 
7.54E-01 
7.13 E+00 
1.336*01 
3.446*00 
3.076+00 
6.356+00

1.746-01
1X96-01
3.446-01
3.866-02
1.306-01
7.246-02
2.226-02
1.206-01
2.106-01
1.646-01
4.22E-01
3.436-01

3X96-01 
3.40E-01 
2.656-01 
8.43E-02 
2.53E-01 
3.206-01 
7.95E42 
2.606-01 
3,846-01 
2.876-01 
4 206-01 
3 80601

2.06E-01 
2.03E-01 
1.92E-01 
1.706-02 
1.716-01 
1.19E-01 
4.67E-02 
1.06E-01 
3.416-01 
3.236-01 
7.47E-01 
3.91E-01

8.426*02 
1.066*03 
0.856*02 
8.516*01 
3.606*02 
B. 08 E+02 
1.33E*C2 
7 J7 E *0 2  
9.176+02 
8.416*02 
5.77E+02 
1.156*03

1998 1
1998 2
1998 3
1998 4
1998 S
199B 0
1998 7
1998 8
1998 0
1998 10
1998 11

1.906*03
2.086*03
3 .436*03
3.676*03
8.486*04
1.076*05
8.606*04
1.436*02
6.856*00
3.07E*02
5.476*02
5.336*02

6 .756*00 
2 .336*00  
5-SZE+OO 
6.006*00  
6.12E+00 
5 .426*00  
3 .106*00 
2.56E-01 
7.61 E-02 
3 .12E-01 
5.006-01 
P. 506-01

1.636*01
9.126-01
7.946-01
4.226-01
1.386*00
3.866*00
1.716*00
1.096*01
4 .246*00
1.29E+00
1.696*01
7.036*01
2.006*01

1.16E+01
3.07E+00
7.626*01
5.15E+01
3.296+01
1.31E+02
1.64E+02
0,176*02
0.956*01
2.116*02
5,1.1E*01
1.216*01

6.896-01 
6.956-02 
2.756-01 
0.066-02 
6.73E-02
2.896-01 
9.856-01 
7.44E-01 
1.73E+00 
2.3BE+00 
7.186+00 
3.546*00

2.196+01 
1X06*01 
&106*01 
6.896+00 
2X56*01 
4.06E+01 
1.816*02 
1.586*01 
1.82E+02 
3.166*02 
3.736*02 
4 44E+02

2.456*00
1.40E+01
2.896*00
1.59E+00
7.17E*00
2.026*01
4J7E+00
5.746*01
1.386*02
3.436*02
3.72E*02

1.186-01 
1.28E-02 
6.056-02 
1.366-02 
5.37E-02 
7.706-02 
2.196-01 
7.426-02 
2.73E-01 
2.116-01 
1846-01 
2.78E-01

2.05E-01
2.106-02
1,096-01
3.196-02
2.266-02
9.806-02
1.086*00
2.906-01
7.166-01
1.106*00
1.476+00
0.526-01

1.076+00 
3.686-02 
2.366+00 
2.10E-01 
1.32E-01 
3.93E-01 
3.856+01 
1.476*01 
4.036+01 
8.286+01 
1.696*01 
1.466*01

6.646-01 
8.156-02 
8.3 IE-01 
1.606-01 
1X46-01 
4.37E-01 
1X86*01 
2 086+00 
2.876*00 
5.396*00 
7.02E+00 
5.876*00

2.65E41
2.006-02
1.01E+00
5.S7E-02
2.386-02
8.446-02
1.926-010.126-01
2.276-011.856-01
0.546-012.30e-01

3.386*00
7.116-02

3.04E+00
3.526-01

8.046*03
8.816*01

1.176*01
1.056+01
8.076*00
3.876-01
5.146*00
4.426*00
1.756*00
4.756*00
2X1E*00
5.316*00
2-156*00
6.006*00
6.41E+01
1.106*00 
3X66-01 
3.306-01 
1.646-01 
4.526-01 
1.436+00 
2.616*01 
6.046*00 
2.976*00 
4.826*00 
2.136*00 
2.886*00

1.7 6 6*03  1,60E*01 
2.706+001.086*01

1X96*02
1.0SE+02
1.15E*01
2.406*01
6.706*00
1.256*01
1.196+02
4.87E*01
1.926*02
4.076*01
3.05E*01

3.07E+00
1.76E*00
2.37E+00
2.79E*00
2.66E+0O
2.136*00
7.07E-01
1.936-01
9.226-01
4.306*00
1.916*00

1.666*03 9.946*02 1.676+00 7.006*00 2.216+02 3.816*01 4,156*00 1.116*02
4.066*02 2.686-01 0.006-01 6X66+00 4.11E+00 3.136-01 1.076*01
3.806*02 2.62E-01 1.07E*00 1.466*01 3.806*00 1.02641 5.06E+00
1J66+02 4.646-01 6.89E+00 1.56E+02 3.026*00 2.31641 7.296*00
1.716*02 3.046-01 8.01E-01 6.07E+00 4.466*00 2.146-01 7.84E*00
2.22E+02 4.326-01 1.066*00 2.85E+01 4 44E+00 7.396-01 2.69E*01
2.866+02 6.006-01 1.006*00 8.95E+00 5.726*00 5.87E-01 1.646*01
2X 36*02 2.396-01 8,406-01' 1.61E+01 3.306*00 USE-01 5 .366*00
1.406*01 3.096-02 2356-01 2.216*00 6.64E-01 3.436-01 1.16E+C1
3.046*00 2.146-02 8.01E-Q2 1.01 E-01 3.566-01 1.666-02 4.596-01
1X06*01 4.57E-C2 3.23E-01 2.306+00 7.73E-01 6.856-01 2.096*01
3X56*01 1.206-01 1.556*00 6.15E+01 4.026*00 Z166+00 8.606*01
2.806*01 8X4E-02 7.16E-01 1X0E*Q1 1.556*00 6.336-01 1.896+01

i.27E*00

8.126*02
1.936*02
2.57E*02
3.486*02
2.736+02
3-28E+C2
2.726*02
6.156-01
3.076-01
3.526*00
2.196*01
2.17E*01

9.52 E+00
8.25E-01 1.62E-02 5.17E-02 1.676*01
2.04E*01 0.586-02 1.136*00 1.086*02
1.716*00 4.326-02 9.106-02 1 04E+C2
7.16E-01 5.526-02 6.176-02 8.13E*01
3.766+00 1.38E-01 2.656-01 3.136+02
5X 46*00 3.716-01 0  066-01 5.096*02
2.446*01 8.506-01 1.796*00 1.916*03
5.576*00 3.786-01 3.946-01 4.766*02
4.806*00 4.166-01 3.876-01 8.816*02
2.896*01 3.816-01 1.036+00 8.12E+C2
7.216*00 2.90E-01 3.676-01 1.116+03

3.UE+O0 6.64E*00 6.466+03 5.176+01
3 00E-01 4.576-01 0.876*02 2.566*00
4.35E-01 2.51 E-01 7.666*02 1.856*00
4X36-01 3.166-01 7.656*02 6.516*00
2.726-01 3.676-01 4.306*02 6-546*00
2.91E-01 1 .146*00 4.936*02 1.026-01
2X96-01 6.026-01 6.546*02 8.196-02
1J6E-01 2.636-01 5.606*02 1.356-01
1X86-01 3.956-01 2.40E+02 2Q2E-02
4.706-02 2.426-02 1.096*02 7X16-03
2.066-01 7.64E-01 4.376*02 3.166-01
4^26-01 2.436*00 2 J 5 6 * 0 2  1.83E-01
2.316-01 1.126*00 1.6SE*02 1.096*01

1098
1098

12
Total 2 71E+0S 3.73E*01

1099 1
1999 2
1099 3
1099 4
1999 5
1999 6
1999 7
1999 8
1099 9
1999 10
1999 11
1999 12

1.576*03 
5 .186*03 
2.186*03 
2 .716*03 
9 .156*02 
2.336+03 
2 .476*03 
6.B4E+02 
1.766+03 
4.396+03 
8.306+02 
3 66E+04

2-31E*00 
2^ 1 E *0 0  
1.716*00 
Z. 136+00 
6.746-01 
1.216*00 
1J3E + 00  
1X56+00 
1.54E«00
1.786*00
1.146*00

13E+00

1.42E*02
1.456+01
7 .806*00
3 .386*00
1.626*00
6 .586*00
3 .136*00
1.046*01
3.44E*00
2 .736*00
1.57E+01
2.21E*00
9.086*00

"7 516*02  2 56E*01 2.33E*03 1.946+03 2.966+00 1.57E*01 3.176+02 3.62E*01
1.766-01 
1.086-01

8 806+01 
8.336*01 
1.66E+01 
1.04E+01 
7.156+01 
1.90 E+02 
2.606*01 
1.046*01 
9.636+00 
1.81E+01 
1.12E+01 
5.466+01

2.32E+00
2X 06*00
1.73E+00
1.44E+00
1.71E*00
1.34E+00
2.306+00
1X5E+00
1.606*00
3.38E+00
1.11E+00
2.30E+00

2.056+02 
2.996*02 
2.796*02 
3.016+02 
7 JJ7E+01 
9.886*01 
2.03E*02 
6.106*01 
1J7B*02 
2.71E*02 
8586*01 
1.45E*02

9.706+01 
1X26*02 
1.416*02 
1X06+02 
6.12E+01 
521E+01 
1.096*02 
3.94E+01 
1.336+02 
1.53E+02 
3.096+01 
6.76E+01

2.756-01 
1X06-01 
5.07E-02 
1.516-01 
2.4 IE-01 
1.736-01 
2-136-01 
3.406-01 
1X96-01 
4.08E-01

8.87E-01
1.016*00
0.91E-01
5.28E-01
6.116-01
0.406-01
1.106*00
8X1E-01
8,606-01
1.326+00
4.17E-01
1-026*00

S.15E+01 
6.67E+01 
7.006+00 
6.78E+00 
1,496*01 
2.336+01 
2.436+01 
6 956+00 
1.O5E+01 
1.576+01 
1.426*01 
3.336+01

2.596*00 
4.946*00 
3.766*00 
B-526+00 
2.B4E+00 
2.496*00 
3.426*00 
2.066*00 
3 36E+00 
5.53E+00 
1.866*00 
38 0 6 *0 0

1.586-01 
1.226-01 
2.226-01 
2.22E-01 
1.076-01 
1.54E-01 
2.376-01 
1.736-01 
8.496-02 
2.956-01 
8.766-02 
1.886-01

2000 1
2000 2
2000 3
2000 4
2000 5
2000 B
2000 ‘ 7
2000 8
2000 9
2000 10
2000 11
2000 12

6.186+04 2-40E+01 
1.01E*00 
2.786+00 
2.696+00 
1.006*01 
2 .766*00 
2.34E+00 
1.3BE+00 
2 .886*00 
1 .836*00 
5.806-02 
1.506-02 
1.97E-Q1

1.B7E+04
4.256+04
5.35E+04
7.78E*04
4,666*04
4 81E+04 
1.876+04 
4.406*04 
2-B3E*04 
2.106+02 
6 95E+01
5 226+02

6 086+01 
1.616+00 
8 .326*00 1X8E *01 
4.37E+00 
3 .086*00 
2.01E*00 
4 .046*00 
2 .396*00 
5.066*00 
1.396-01 
2.006-02 
3.326-01

5.W E+02 2.29E+01 
8.046-012.436*01 

X.816*01 
5.036+00 
8 .886*00 
4 .356*00 
3.366*00 
7.60 E+OO 
2.706*00 
7 .406*00 
1.816*01 
1.096+01 
1.62E+02

2.186+03
4X3E*01

1.15E+03 2.47E+00 1.01E+01 2.556+02 4.B1E*01 2.056+00

2.196*00
1.78E*00
2.026+00
1.506+00
1.18E+00
1.066*00
1.266*00
1.386*00
1.796-01
4.606-02
6.436-01

1.396*02
1.746*02
2.07E*02
1X7E+02
1.356*02
5.736+01
8.516*01
8X3E*01
1.416+01
1.03E+01
4.506+02

3.156*01
7.386*01
1.01E+02
3.086*02
1.14E*02
1.226+02
4.086+01
8.796*01
8.846*01
2.706*00
4.516-01

.1.376+01

1.91E-01
5.276-01
1.97E41
2.986-01
4386-01
3.406-01 
9.206-02 
3 646-01 
1.926-01 
1.036-01
1.406-02 
7.106-02

3.776*01 
0.706-01 
6.21E-01 
8.666-01 
5 436-01 
5.446-01 
3.066-01 
4.016-01 
5.636-01 
6.006-02 
1.806-02 
2.406-01

3:806+00 
1.526*01 
1.46E+01 
7.746*00 
2.206+00 
3.75E+00 
6.496*00 
1.866+00 
6.106+01 
3,146-01 
3.006-02 

3.23E+00
3.806+05 
5 .346*03 
8.446+02 
3.07 E+02 
3.756+00 
1.976+03 
3.01E+03 
3.17E+03 
1.696+03 
4.736+02

2.806+01 4.42E+Q1 
1.33E+00 
5.15E-01 
2.24E-01 
1.55E-C2 

7J1E + 00 
1.47E*01 
7,07E*00 
1.706*01 
2.24E*01

2.886+02 1.406+01
1.486+00
0.176-01
5.366-01
4.526-02
1.836*00
2.54E*00
1.87E*0O
2.136+00
1.966*00

1.526+03
3.03E+02
7.44E+01
7.716+01
6.396*00
3.686+02
4.016+02
4.176+02
1.826+02
1X66+02

9.73E+02 
1.056+02 S.21E+01 
333E+01 
7.116-01 
1.67E+02 
1.106*02 
1.506*02 
1.046 +02 
5.166+01

2'856+00 
2.616-01 
1.726-01 
2.166-01 
6.256-03 
3.486-01 
1.036+00 
1.13E+00. 
4.37E-01 
2.816-01

5-706+00
5.73E-01
3.866-01
2.12E-01
3.15E-02
8.106-01
0.876-01
7.746-01
8.786-01
7.256-01

1.206+02
7.04E+00
4.47E*00
4.27E-01
8.706-C2

2.11E*01
1.146*01
3.3S6+01
6.066*00
1.27E*01

1.026*00 
3.616*00 
2X 16*00 
3.456*00 
2.206*00 
2.176*00 
1.206*00 
1.806*00 
3 136*00 
3.486-01 
9.806-02 
1.976 +00

8.906-02 
1X3E-01 
1.176-01 
2,076-01 
8.706-02 
1,146-01 
3.806-02 
8.90E-02 
9.606-02 
2.306-02 
1.006-02 
1.75E-01

4.246*00 
2.026+00 
6.756*00 
8.41E+00 
2.81 E*00 
4,35E*00 
6.166*00 
4.20E+00 
1.206+00 
8.476*00 
1.786*00 
4.926*00 
5.336+01 
2.306*00

3.146-01 
2.386-01 
2.34E-01 
1.566-01 
2.B1E-01 
3.666-01 
2.23E-01 
V606-01 
1.676-01 . 
2.216-01 
1.496-01 
3.45E-01 
2.866+00

4.216-01
2.036-01
3.276-01
2.466-01
2.176-01
1.976-01
1.996-01
2X36-01
1.186-01
3.626-01
1.076-01
3.226-01

946*00

2.326*01
2.876+00
3.466*00
1.05E+00
1.246-01

2.346*00
4.456*00
4.516*002.686*00
2.126*00

1.17E*00 
6.846-01 
3.676-01 
1.64E-01 
7,936-02 
7.576-01 
4.29E-01 
2.056-01 
7.81 E-02 
9.7 IE-02

2.186+00 
2.516*00 
6 3 2 6 *0 0  
1.87E+00 
2.156+00 
6.086-01 
131E+00 
1.416+00 
3.336-01 
1.27E-0V 

4.476*00 
2.606*01 
1 506*01 
1.046*01 
4.S5E+00 
237E *00 
2XBE+01 
1X76*01 
6.726*00 
2.04 E+00 
3.896+00

1.806-01 
2.096-01 
1.136-01 
1.06E-01 
1.456-01 
8.806-02 
1.506-01 
1.746-01 
1.776-01 
3.906-02 
3.206-02 2 886-01 
1.706+00 
2.G06-01 2.21E+00 
2.146-01 
1.766-02 
2.896-01 
2.966-01 
7.306-01 
2.226-01 
131E-01

2._______
1366-01

4.326*02
6.096*02
3.736*02
3.766*02
2.486*02
5.666*02
4.086*02
6466*01
2.586*02
5.286*02
1.396*02
2.796*02
4.306*03

0.686-01 
0.886-01 
3.816-01 
4356-02 
9.076-01 
2.776-01 
1.626-01 
9 766-07 
1.736-01 
2.996-01 
1.156-01 6.016+00 
1.076+01

1.616-01
1.696-01
2.026-01
1.14E-01
1.366-01
5.806-02
1.426-01
6.706-02

.3.506-02
1.206-02
2.556-01
1.616*00
1.176*00
5.746-01 
2.266-01
9.746-02 
936E-01 
1.306*00
6.746-01 
1.856-01 
2.D4E-01

1.246*02
3.296*02
2.096+02
5X 96*022.216*02
1.546*02
1.696*02
2.186*02
1.906*02
5.876*01
5.706*01
5.556+02
2.816+03
4.026+02
2.946+03
3.456+02
2.286+01
6.466+02
0.786+02
1.396+03
5.946+02
2.746+02

1.806+00 
1.806+00 
9.056-01 
1.966-01 
1.74E-01 
1.196-01 
2.126-01 
4.24E-01 
1.886-01 
3.796-01 
1.216-01 2 116+00

6.426+00
6.466+00
1.996+00
2.416-01
1.726-02

2.24E+00
1.096+01
7X36+00
5.696-0
1.426-01

2000
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001

1.81E+00
6.766-01
3.136-01
2.1SE-02
1.87E+00
2 .496*00
2 .636*00
2.366*00
1.286*00

9.226+00
1.226*03
6.71E*01
3.476*00
5.63E*01
3.04E+01
3.74E+02
4.12E+01
238E+01

2001
T 346+01 7.17E+01 1.836*03 1.34E+01 1.946+03 7.856+02 3.86E+00 5.36E+00 9.70E+01 2.366+01 2.66E+00 8 056+01 4.396*00 5 376*00  7.386*03 2.996*01.
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T.bto 5: Laundry and lagoon : h iittxlc  monthly d iic h w * *  Uanuwy 1 » «  -  Seplemlw 2001)

Y»*f

1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995

1
2
3
4
5
6 
7 
0
9
10 
11 
12

Total

H -3
G B q

CO-60
G B q

1.906*01
4 .37E *00
6.616*00
4.466+00
4.826+00
2.816+00
2.27E+00
3.03E+00
2 .306*00
2.07E+00
2.496*00
3.34E+00

4.36E-C2 
4.51E-02 6.01 E-02 
5.29E-C2 
3.63E-C2 
5.99E-02 
3.BOE-C2 
5,906-02 
2.34E-02 
1.76E-02 
1 0 8 6 -C 2
7 626-02

Zr*NI»-95
G B q

1.156-01
1.026-01
1.35E-01
1276-01
i.o oe-o i
1.35E-01 
9.136-02 
1.366-01 
5 646-02 
4.05E-0Z 
5.046-02 
7.16E-02

Ru-106
GBq

5 7 7 6 *0 1  4.816-01
2.75E+00
1.76E+00
2.936 *€0 
2.356*00 
2.746*00 
3.46E+00 
3.61E+00 
4.656*00 
8 2 7 6  +00 
2.47E*00 
2.24E+00 
1.22 E+00

3.166-02
2.62E-02
4.086-02
3.206-01
5.406-02 
4.91 E-02
5.406-02 
3.766-02 
4.136-02 
3.096-02 
2.076-02 
4 066-02

1.16E+Q0
6.166-02

4.60E-01 
4.496-01 
5.326-01 
5.52E-01 
3.866-01 
6.23E-01 
2.32E-01 
5.35E-01 
2.13E-01 
1.856-01 
2.386-01 
3.03E-01 
4.716*00

C*-134 
GBq 

5.71E-Q2 
5.066-02 
6.17E-02 
5.96E-02 
5.006-02 
7.14E-02 
3.606-02 
6.796-02 
2.67E-Q2 
2.406-02 
2.69E-02 
3.81 E-02

C»*137 
G B q 

1.14E*00 
7.896-01 
4.086-01 
9.01 E-01 
5.24E-01 
6.8 IE-01  
7.406-01 
7.95E-01 
1.166*00 
9.666-01 
1.B5E-KX) 
1.706*00

C«-144
GBo 

1.636-013.1 
3.796-01 
4.426-01 
4.52E-01 
2.47E-01 
4.06E-01 
2.586-01 
2.906-01 
1.37E-01 
1.61 E-OV 
1.656-01 
2.81E-01

Pi>-*tpha
GBq

2.94E-02

Am-241
GBo

3.536-C2 
9.47E-02 
2.076-02 
1.306-01 
3.81E-02 
129E-02 
3.01E-02 
4.496-02 
5.626-02 
4.406-02 
2.106-02

2.656-02 
3.04E-02 
2.13E-02 
2.06E-02 
2.B6E-02 
2.368-02 
1.48642 
3.066-02 
6266-02
3.506-02 
2.466-02
2.506-02

Alpha
GBq

1.076-01 
9.126-02 
9.956-02 
1 .6 6 6 -0 1  
1.3ZE-01 
9.70S-02 
1.156-01 
9.736-02 
1.496-01 
1.186-01 
9.31 E -02  
9.376-02

B«ta-5
GBq

2.82E+02 
1.61E-MJZ 
1.37E+Q2 
1.866*02 
9.906*01 
7.74E+01 
8.01 E+01 
7.95E+01 
1.406*02 
9.966*01 
1.256+02 
1.34E+02

5.72E-01 5 57E-01 3.42E-01 1.426*00 1.606*03

6.096-02
9.386-02
7.34E-01
1246-01
1.Q7E-01
1.57E-01
1.136-01 
9.98E-02
1.136-01 
4.B2E-02 
8.47E-02

3.186-01
Z61E-01
4.17E-01
3.14E+O0
4,916-01
4.266-01 
6.236-01 
4.696-01 
3.92E-01 
4.41E-01
2.266-01 
3.17E-01

3.456-02 
327E-Q2 
4.606-02 
4.026-01 
5.51 E-02 
5.41E-02 
7.34E-02 
6.756-02 
5.036-02 
5.476-02 
2.866-02 
4.42E-02

8.72E-01 2.446-01 B.906-03 1.176-02 8.776-02 1.426*02

5236-01 1.966-01 2.686-02 1J1E-02 5.946-02 6226*01

7.106-01 3226-01 1.366-02 1.906-02 5,606-02 1.666*02

4.95E+00 2.88E+00 1.096-02 1.026-02 3.806-02 124E*02

6.436-01 3.386-01 9.306-03 1.176-02 6.58E-02 7.896*01
1.276+00 3.21E-01 7.47E-02 3.51 E-OZ 1.666-01 8.15E+01

9.956-01 4.446-01 3.356-02 2.B2E-02 2.166-01 1.27E+02

7.066-01 2.336-01 4.496-02 5.476-02 1.466*01 531E+01

5.97E-01 1.74E-01 2.206-02 2.966-02 7.596-02 2.666+01

9.47E-01 Z38E-01 3.526-C2 5.756-02 1.38E-01 1.076*02

6.526-01 9.366-02 6.07E-02 4.896-02 2.136-01 6.186*01
5.5B6-01 1.61E-01 6.726-02 553E-02 1.096-01 342E+01

7 676-01 1.826*00 7.536*00 
3.61E-01 
5026-01 
4,936-01 
224E-01 
3.136-01 
4.67E-01 
3.796-01 
4 55E-A1 
5.556-01 
3.926-01 
4.386-01 
4.17E-01

9.41 E-01 
4236-02 
5.156-02 
O51E-02 
2.07E-O2 
3.97E-02 
5.476-02 
4.91 E-02 
7.806-03 
5.676-02
0.506-02
5.12E-02
4.766-02

1.346*01 
6.0QE-01 
5.266-01 
1.186*00 
5.696-01 
4.166-01 
5.446-01 
4:71 E-01 
5.87E-01 
5.06E-01 
1 J1E*00 
7.116-01 
6.026-01

5.64E*00
1.376-01
2376-01
2.826-01
V17E-01
1.436-01
2.356-01
1.986-01
1.616-01
2.556-01
4.026-01
2516-01
2.B3E-01

4 086-01 
2.366-02 
2J4E-02 
5.48E-02 
3.046-02 
1.B7E-02 
3 55E-C2 
B-50E-02 
1.126-01 
1JSE-02 
2.47E-CB 
1.01E-Q2 
2.06E-02

3.78E-01 
2.266-02 
4.S2E-OZ 
5.126-02 
2.466-02 
4246-02 
1.936-02 
3.54E-0S 
8.386-02 
4.046-02 
5J7E-C2 
2-47E-C2 
8.93E-Q2

1.396*00 
1.226-01 
1.386-01 
1.43E-01 
1.196-01 
1.086-01 
1.126-01 
1.596-01 
3.04E-01 
1.216-01 
1.616-01 
1.94E-01 
1.296-01

1995
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999

Tola)
1
2
3
4
5
6
7
8 ■
9
10 
11 
12

3.666+01
1.866*00
4.246*00
1.196*00
1.916*00-
5.186*00
1.366*00
1.076*00
1.966*00
2-336*00
4.876*00
1.226*00
1,596*00

Total 2.88£*01 
B.686-01 
2.766*00 
4.726-01 
5.646-01 
7.336-01 
1.476*00 
1.746*00 
1.856*00 
1.126*00 
4.066*00 
1.726*00 
1-506*00

3.746-02
5.156-02
5.046-02
5.036-02
6.23E-02
8.006-02
5.706-02
4,116-02
4.9te -0 2
6.056-02
530 6 -0 2
5 116-02 
S24E-01 
1.986-02 
7.966-02 
1576-02 
2.256-02 
5.176-02 
6.37E-02 
B.24E-02 
428 6 -0 2  
5.22E-02 
8.796-02 
5.186-02
6 036-02

9.086-02 
1.18E-01 
1236-01 
5.496-02 
7.966-02 
1.536-01' 
1.036-01 
1.156-01
I.4461OI
1.74E-01
1.086-01 
1.136-01

2.94E*01
1766*01
3.27E*fll
2.23E+01
1.27E+01
1.896*01
1.386*01
1.126*01
6L14E*00
8.906*01
9,876*01
6,48E*01

1.8BE*01
2-5 I E +00 
1.306*00 
1^16*00 
2.04E*00 
1.396*00 
1.726*00 
1.266*00 
1.566*00 
1.506*00 
1.686*00 
1.646*00 
1 51E*Q0

8 106-01 
4.486-02 
5226-02 
8.196-02 
S.436-02 
9.396-02 
2256-01 
6.076-02 
1.066-01 
2.756-02 
9-526-02 
327E-02 
3.246-02 ~

1.36E+00 
5.63E-02 
1.71 E-01 
3.6S6-02 
3.846-02 
4.43E-0B 
5.686-02 
1.626-01 
1.096-01 
1256-01 
1.17E-01 
1.126-01 
1.326-01 
1.166*00

5.00E+00
2.2SE-01
1.72E*00
2.756-01
2.806-01
2.726-01
3.606-01
7.006-01
4.526-01
5.07E-01
5-586-01
4.87E-01
4.766-01
6.32E*00

5.906-01 
2.846-02 
1.466*00 
4.80E-03 
S2SE-02 
3.446-02 
4.25E-Q2 
9.006-02 
4,066-02 
5.796-02 
5.616-02 
5.306-02 
5.966-02

а.22E*00 
3.36E-01 
325E+02 
9.406*00
б.966*00 
5.106*00 
5.306*00 
120E+01 
2.606*00 
1.82E+00 
1.906*00 
1.536*00 
1.47E*00

2.706*00
1,396-01 
9.606-01 
1.436-01 
1586-01 

'1,646-01 
2.126-01 
4.306-01 
2.336-01 
3.086-01 
3.1SE-01 
1.966-01 
3.066-01

4.626-01 
2.2 BE-02 
3.166-01 
2.486-02 
329E-02 
1.646-01
6.68E-02
7.536-02
4.236-02
8.606-03
4.966-02
226E-01
2.686-02

5.18E-01
2.906-02
1.746*00
5.096-02
5.646-02
6-506-02
1.05E-01
5.34E-01
1.526-01
B.24E-C2
1.486-01
1.936-01
1.386-01

1.83E+00
7.006-02
2.766+00
4.896-02
7.696-02 
2.796-01 
I J I E - O I  
4.856-01
1.696-01 
1.206-01 
1,716-01 
4.03E-01 
1456-01

4.37E+02
3.636*01
5.836*02
3.996*01
2J16*01
3.606*01
2-556*01
1206*01
1-576*01
2.956*01
3.656*01
3.676*01
5.11E*Q1

1 8 6 6 *0 0  3.74E*Q2

Total
1
2
3
4
5
6
7
8
9
10 
11 
12

1.966*01 
9.366-01 
6.626-01 
1.226*00 
2206*00 
8286-01 
7.07E-01 
1586*00 
2.12E*00 
3.91 E+OO 
1.08E*00 
1206*00 
1.486*00

8H76-01

1.226-01
7.846-02
1266-01
9.966-02
1.086-01
9.656-02
9.6GE-02
B.04E-02
4.106-02
1.14E-01
8.546-02
1.026-01
1.16E*00

4.386-01 
3.326-01 
4.966-01 
4.046-01 
4.266-01 
4.126-01 
5.116-01 
3.22E-01 
1.686-01 
3.976-01 
4C2E-01 
3.61 E-01 
4 696*00

5.22E-02 
9.936-02 
5.60E-02 
5.01 E-02 
4.836-02 
4,096-02 
5.986-02 
3.31 E-02 
1.926-02 
4.346-02 
4206-02 
4.706-02 
S.01E-01

1.02E+00 
2.356*00 
1.766*00 
1.18E*00 
1.056*00 
1.406*00 
1296*00 
9.5SE-01 
1.016*00 
1.11E*00 
1.83E*00 
124E*00 
1-626+01

3 566*00 
3.49E-01 
1.896-01 
3.62E-01 
2.716-01" 
2.61 E-01 
1.966-01 
3.176*01 
2.106-01 
125E-01 
1.946-01 
2.11E-01 
3 076-01

V 066*00 3.2BE+00 4.966+00 9.356*02
6.446-02 
6.75602 
3.476-01 
3.926-02 
2-526-02 
2.676-02 
3.27E-02 
2.626*02 
4.496-02 
4.096-02 
2.17E-02 
1.166-02

2.666-02
1.776-01
2.036-01
6.756-02 
7.456-02 
6.03E-01
7.756-02 
1.37E-01 
7.636-02 
8546-02
1.036-01 
3.23E-02

1.41 E-01 
2.57E-C1 
4.506-01 
1.67E-01 
1.016-01 
1.186-01 
1.996-01 
1.66E-01 
9.546*02 
1.246-01 
2.756-01 
B.33E-Q2

9.62E*01 
3.666*01 

'9.136*01 
5226*01 
2.516*01 
3286*01 
3.366*01 
1.44E*01 
2.426*01 
4.18E+01 
6.07E*01 
6 886*01

2.996*00 7.516-01

3.656-02
4.39E-02
3.796-02
5.436-02
5.456-02
5.006-02
5.37E-02
5.376-02
8.126-02
5.73E-02
4.706-02
4476-02

8.47E-02 3.476-01
1.08E-01 3.B9E-01
1.066-01 4.626-01
1.486-01 5.686-01
1.286-01 4.74E-01
1.286-01 5.276-01
9.526-02 4.096-01
1.46E-01 5.476-01
1.506-01 6.206-01
1.B76-01 682E-01
B.436-02 3.21E-01
9.74E-02 3.966-01

3.766-02
4.44E-02

127E+00
7.496-01

3.27E-01
2.83E-01

2.01 E-02 
4.00E-03

4.15E-02 7.92E-01 3.1BE-01 1.49E-02
5.71E-02 8.71E-01 3.806-01 3.406-03

■5.326-02 9.136-01 3,496-01 • 1.906-02
5.366-02 1.076*00 3.376-01 1.126-02
4.606-02 8.706-01 2.206-01 1.766-02

5.696-02 8.59E-01 3.206-01 4.306-03

6.156-02 8.20E-01 3.466-01 6.206-03

7,91 E-02 6.286-01 4.026-01 6 706-03

3.716-02 6.476-01 1.41E-01 3.266-03

4.31E-02 B.166-01 1.94E-01 3.086-03

iT o c+ m  6156-01 1-466*00 5.74E*00 fl-13g^ l
2000 1 2.056*00
2000 2 1.756*00
2000 3 2.176*00
2000 4 1.11E+00
2000 5 1.12E+00
2000 6 8.316-01
2000 7 .1.24 E+00
2000 8 2.776*00
2000 ' 9 1.41E*00
2000 10 1.636*00
2000
2000

11
12

6.64 E-01 
9.066-01

5.506-02
6.306-02
5.306-02 
4.806-02
3 806-02
6.906-02
4206-02
4.70E-O2
4 406-02
6.306-02
2.306-02 
4 906-02

1.576-01 
1.826-01 
1.336-01 
1.196-01 
7.606-02 
1.00E-01 
8.406-02 
1.44E-01 
8.806-02 
1.24E-OI 
7.206-02 
1.186-01

S.74E-01 
8.37E-01 
5.17E-01 
4.826-01 
3.066-01 
4.096-01 
3.406-01 
5.956-01 
3.41 E-01
5.066-01
3.066-01 
4.796-01

1.406*00 
1.71 E-01 
1.176-01 
6.046-02 
3.126-02 
S22E-02 
1.026-01 
1.06E-01 
1.14E-01 
1.106-01

5^ 96*00
7.686-01
4.49E-01
2.53E-01
1.54E-0I
3.536-01
3.07E-01
4.746-01
4.46E-01
4.43E-01

6.40E-02
7.BDE-02
3.306-02
5.006-02
3.706-02
4.706-02 
3.606-02 
6.906-02 
4206-02 
6206-02 
3.506-02 
S.806-02 
6.11 E-01 
7.76E-02 
5.136-02 
3.05E-02 
1.536-02 
4.476-02 
4.786-02 
5.356-02 
5.22E-02 
4.93E-02

1.04E*01 
8.596*01 
7.83E-01 
7.43E-01 
5.17E-01 
5.73E-01 
7J06-01 
9.06E-01 
8.91 E-01 - 
6.326-01 
9.51 E-01 
7.16E-01 
7.08E-01 
9.036*00 
6.06E-01 
5.266-01 
5.736-01 
5.14E-01 
4.886-01 
5.2B6-01 
3.64 E-01 
3.936-01 
7.91E-01

3.62E*00 
4.12E-01 
4.51E-C1 
3.69E-01 
3.526-01 
1.466-01 
2.826-01 
1.61 E-01 
3.86E-01 
1.696-01 
4.326-01 
3.196-01 
4.13E-01 
3.896*00

1.14E-01
2.406-02
7.006-03
3.006-03
3.006-03
2.006-03
2.006-03
4.006-03
3.006-03
2.006-03 
1.306-02
1.006-03 
2 006-03

1.666*00
5.106-02 
1.656-02
5.306-02 
1.856-02 
3.1 IE-02 
5.456-02 
4.326-02 
3.08E-02
3.306-02 
3.56E-02 
3 426-02 
1-526-02
4.17E-01

2.706-02
2.306-02 
1.806-02
2.106-02
4.006-03 
2.606-02
4.006-03 
1.406-02 
1.506-02 
1.B0E-02
4.006-03
3.006-03

2-186*00 5.996*02
1.04E-01 
5.606-02 
1.M E-01 
1.1 IE -01  
1.31E-01 
1.316-01 
1.456-01 
1.08E-01 
1206-01 
1.356-01 
9.166-02 
1-096-01 
1.356*00 

1.956-01 
1.156*01 
9.706-02 
1.17E-01 
6.006-02 
930 6 -0 2  
9.306-02 
1266-01 
8 406-02 
9.806-02 
5 .1 l£ -0 2  
8-506-02

1.34E+02 
8 286*01 
8.25E+01 
6 326 *01 
6.64E+01 
5.14E+01 
2.85E+01 
5.10E+00 
2.14E+01 
2.00E+01 
2.98E*01 
B.57E*01 
6.73E*02

7.69E+01 
9.606*01 
1,01 £*02 
7.37E*OI 
4.73E+01 
S.75E+01 
4.43E*01 
3.42E+01 
4.89E+01 
1,686*02 
1.636*02 
1.46E+02

8.606-02
3.396-03
3.43E-03
1.666-03
9.146-04
2.456-03
2.65E-C3
3.21E-03
2.896-03
2.776-03

1.766-01 
4.366-03 
1.67E-02 
3.1 IE-03  
9.666-03 
2.886-03
3 936-03
4 896-03 
8.62E-03 
7.066-03

1.226*00
1316-01
1.036-01
7.67E-02
4.086-02
7.976-02
9.066-02
1.006-01
7.666-02
8.926-02

1.06E+03
1.S5E+022000

2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001'

2001
2001

Total
1
2
3
4
56 ' 
7
6
9
10 
11 
12

Total

1-77E+01 
9.42E-01 
1.22E+00 
9.95E-01 
9.386-01 
1 J7E+00 
2.12E+00 
1.75E+00 
1.07E+00 
6.7 IE-01

7.4(«-02
5.086-02
3.256-02
1.986-02
4.52E-02
3.666-02
4.71E-02
4.966-02
4.466-02

5.38E-01
3.63E-01
1.666-01
1.196-01
222E-01
2.47E-01
2.27E-01
2.52E-01
2.17E-01

1.01 E+02 
1.49E+02 
R49E+01 
4.66E*01 
3.07E*01 
5.67E*00 
7.38E*00 
5.636*00

a  n?P.01 e .O ^ -0 1  3.656*00 4 22E-01 '  4.796*00 2.3SE*00 2-34E-02 6.146-02---------8.106-01.
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M-3
GBq

C-14
GBq

Co-60
GBq

Sr-BB Z t* K M 5  Te-19 Rv-106 
GBa GBq OBa GBq

M21
GBq

C t'IM
GBq 

Z.32E*O0 
2.47E*00 
2316*00 
1.67E*00 
1.43E*00 
7266-01 
6.65E-01 
9.69E-01 
7.49E-01 
8.96E-01 
4.76E-01 
2 206*00

CHJ7
GBq

Ct-144
GBa

1.74E*00
1.14E*00
1.&6E*00
134E*00
1.226+00
1.13E+00
6.36E-01
1.036+00
630641
5.44E*00
S.3SE-01
B.716-01

Pu-*lpha 
GBq 

Z.96E-02 
3.85E-02 
5.01 E-02 
5.34E-Q2 
5.67E-02 
Z.59E-02 
2.17E-0Z 
4.66£-0Z 
1.5 26-02 
2346-02 
3.71E-02 
2.44E-Q2

Pu-141
GBq

5.596-01
7.11E-01
B23E-01
8.456-01
1.18E+00
5.466-01
4356-01
7.07E-C1
3.606-01
4.34E-01
6.88E-01
3306-01

Am-241
GBa

2.306-02
2.596-01
4.936-02
4.96E-C2
4.616-01 
2.086-02 
1.796-02 
2.686-02
1.616-02 
2.34E-02 
2.0SE-02 
2.19E-C2

Alptis
GBq

1.92E-C2
431E-02
516E-02
2296-02
2316-02
1.84E-C2
1.42E-02
1.17E-02
8.706-03
1.156-02
6.60E-C3
B20E-03

B«ta-B Ufiniun 
OBa • ha

5.296+01 
8.106*01 
8.766*01 
724E+Q1 
6J2E*01 
2.496*01 
2.736*01 
3236*01 
2.B2E*01 
3.026*01 
2.476*01 
2.Q3E*01

1994
1994
1994
IB94
1994
1994
1994
1994
1994
1994
1994
1994
1994
1995
1999
1995
1995
1995
1995
1995
1095
1995
1995
1995
1995

1.29E*01 
2.51E+01 
1.77E*01 
8,93E*O0 
4.456*00 
4. M E+00 
7.206+00 
6.456*00 
3.76E*00 
4.19E*00 
9.436*00 
5,486*00

1.066-01 
1.91E-01 
237E-01 
2.99E-01 
2356-01 
1.06E-01 
1.066-01 
I.27E-01 
1.14E-01 
1.1SE-01 
1:1 BE <4)1 
1.07E-&1

6.64E*O0 
833E+00 
6246+00 
7 3 3 6*00  
5.34 E *00 
4.006+00 
2.886*00 
3 5SE *00 
2.696*00 
3.46E+O0 
2.396+00 
2.696*00

1236*00
1.606*00
1366*00
1.806*00
6.86E*00
5.80E-01
4.07E-01
5.816-01
5.916-01
5.31E-01
4.106-01
6 .u e -o i

1 08E+02 1.906*00 5.76E+01 1.63E+01
124E*01 
8.12E+00 
3.92E*01 
2.096 *01 
1.77E+01 
2,02E*01 
6.436*00 
3.966*00 
7.2 BE *00 
6.63E+00 
3.22 E *00 
4.306*00

235E-01 6.07E+01
4.42E-01 1.13E+02
3.23E-01 4,006*01
4.65E-01 2.82E*01
4.85 E-01 1.07E+01
421E-01 7.30E*00
3366-01 121E+02
2.74 E-01 2 22E+02
3356-01 1.496*02
332E-01 2 446*02
4366-01 13  86 *02
7336-02 3.93E*01

1.11E*00 
1.416*00 
9.436-01 
1.326*00 
1.76E*00 
2 796+00 
130E+00 
V3BC +00 
1.706*00 
1246+00 
7.886-01 
4.296-01

1.03E+00 
9286-01 
131E*00 
127E+00 
9.966-01 
6.446-01 
4.94E-01 
727E-01 
4.75E-01 
732E-01 
4.21 E-01 
6.806-01 
9.9ZE*00 
3.026+00 
537E*00 
2,696*00 
4.aae *oo 
1336*00 
1316*00 
5356*00 
7 416*00 
7-266+00 
9.61 E+OO 
4.05E*00 
1 JOE *00

4.626-01
620E-01
8i7E-01
1.74E-*00
9.74E-01
5.05E-01
2i5E-01
4.3&E-01
2.BZE«00
4J3E-01
4.43E-01
4J7E-01

2.56E*00
1.73E*01
3.91E*00
4.WE*00
2.99E«00
2.55E*00
1.92E*00
2.10E*00
1.47E-KW
3.026*00
1.81E*00
1.796*00

1.06E-O1
2.61E-01
3.07E-01
1.60E-01
2.B1E-01
4.7BE-02
1.13E-01
*.17E<1
1J9E-01
1.17E-01
3.53E-C2
9.19E-02

B.41E*01
7J7E*01
7.93E-MJ1
8AtE*01
4.67E*01
2,536*01
2J5E»01
3i3E*01
7.66E*01
3.01E*01
2.196*01
2.886*01

1.596*00
2.606*00
]^1E*00
3.87E*OQ
3.37E*00
S.42E*00
3.33E*00
3.956*00
1J6E*00
1.64E*00
1.4JE*00
3.61E*00

B.74E*00 4.63E*01 2.1BE*00 1.71E*01 5.18E*02 1.76E*01 4.256-01 7.646*00 B.90E-01 2.43E-01 5.54E*Q2 3.696*01
1.0#E*00
1.nE*00
1.43E*00
2.06E*00
1.62E*00
1J2E *00
1.396*00
1.106*00
1^06*00
1,53£*00
B.74E-01
2.67E-01
1.83E+01

8.27E*00
1.49E*01
8.45E*00
8.07E*00
7.01E*00
6.69E*00
7.17E*O0
1.00E*ai
1.296*01
1.82E*01
1.026*01
3J3E *00

2.60E-01
2.64E-01
1356-01
3.606-01
4.01E-01
5.63E-01
3.116-01
5.75E-01
2.76E-01
3.72E-01
1.376-01
5.36E-02

2.106*00 
-2.116*00 
1306*00 
2.196*00 
1.986*00 
2.42E*00 
2.406*00 
3 026*00 
3 J26*00 
3.996*00 
1.636*00 
5.366-01 
2.726*01 
2.836*00

S.aSE*01 
8.776*01 
i.«1E*01 
1.086*02 
1.16£*01 
1.28E*02 
7.78E+01 
t43E*01 
4.45E*01 
4.44E*01 
I.38E*01 
I.27E*01

2.886*00 
330E*00 
Z. 166*00 
6.486*00 
2.21E*00 
3.716*00 
5.656*00 
8 316*00 
6.796*00 
9.106*00 
2.596*00 
9.74E-01 
5J2E*01

8.06E-02 
4.65E-02 
243E-C2 
3.026-02 
4306-02 
4396-02 
4.066-02 
3896-02 
4.056-oa 
3.71F02 
1.756-02 
1.33E-02 
4.40E-01 
1.18E-01

1.256*00 
1.086*00 
531E-01 
7.606-01 
1.396*00 
1066*00 
1226*00 
1 71f *00 
9.786-01 
1.096*00 
4.92E-01 
2386-01 
1.13E*01 
2.896*00

S.446-02
8306-02
8.636-02
8396-02
6766-02
435E-02
5.57E-02
1.176-01
6S2E-C2
1.076-01
3.086-02
1.096-02
8.386-01
9.696-02

2.B3E-02 
3.766-02 
1.796-02 
3.27E-02 
2.32E-02 
3.7B6-02 
2.80E-02 
3 21EJJ2 
3J1E-02 
Z.91E-02 
1.836-02 
1.366-02 
3.326-01

1.186*02
1346*02
9.006*01
1.106*02
1.026*02
1.386*02
1.376*02
1366*02
t.06E«02
1.446*02
B.B1E*01
4.566*01
1.406*01
1346*02

3.686*00 
6.296 *00 
4.866*00 
1.696*01 
S.7SE*00 
5.636*00 
1.016*01 
3.9SE*00 
4.826*00 
4.29E*00 
2.91E«00 
1.05E*00 
7.02E*011.52E*02 4.24 E *00 

3.996-01
1.19E*03 1.64E*01 5376*01

6206*00
1J3E*02
7J6E*00

3.73E*00
3.126-01

iQ9E*02
».77E*011996

1996
1996
1996
1996
1996
1996
1998
1996
1996

1996
1996

2.41E*01 
9.B4E*00 
1.23E*01 
5.016*00 
1.406*01 
2 .4 ^ *0 1  
7.516*00 
6.64E*00 
1.376*01 
7.91 E-OO 
9.166*00 
6.926*00

2.306-01
2.99E-0!
2.776-01
4.55E-01
3.71E-01
2.046-01
4.05E-01
7.896-01
3.72E-01
3386-01
2.366*00

1.27E«02
4306*01
4.276*01
2.436*01
2.856*01
1386*01
1J6E*01
1326*01
8.966*00
1.016*01
7.746*00
6.906*00

2.166*00
1.996*00
1.356*00
9386-01
1.796*00
8.096-01
1.06E*00
S.21E+00
1.15E*00
1.886*00
2 J1 6 *0 0
2.656*00

231E*00 
3.63E*00 
1.996*00 
2.466*00 
1.806*00 
137E*00 
1.906 *00 
1.166*00 
2.066*00 
1J3E*4K 1J66 *00

1266*00 
7366-01 
1.066*00 
8.486-01 
1.116*00 
1436 *00 
1366*00 
1J1E*O0 
7316-01 
9.966-01 
1,02£*00 
1.126*00

3.376*00 
5.066*00 
3.096*00 
5.986*00 
4.386*00 
2.736*00 
5366*00 
2.456*00 
8.436*00 
2.816*00 
2.71 E*00

2.106-01
3.63E-01
9.236-02
2.866-01
4.37E-01
2.71E-01
3.95E-01
2.096-01
2J96-01
5.75E-01
2306-01

1.206*00
1.606*00
1.016*00
B.846-01
6.956-01
S.786-01
7.466-01
6.806-01
7.676-01
6.906-01
7.546-01

4.7M+01
S86E*0»
4.49E*01
S.64E*01
4,43E*01
J.77E*01
1.6SE*01
1.1IE*01
4.1*E«01
3.766*01
3,746*01

4.686*00
2.106*00
4.056*00
1.926*00
2.596*00
2.046*00
1.756*00
1.696*00
1.436*00
2.656*00
1.606*00
1.496*00

2.426-02
5.336-02
Z.75E-02
4.636-02 
5.486-02
4.636-02 
2.83E-02 
4.166-02 
4 0JE-Q2 
4.076-02 
5336-02

5.026-01 
1.076*00 
5.126-01 
1.286*00 
7.666-01 
937E-01 
5.466-01 
1.196*00 
1.036*00 
7.016-01 
1.496*00

4366-03
4.366-02
4.086-02
8.636-02
5346-02
5.126-02
4.216-02
3.74E-02
5.476-02
4.846-02
4.466-02

4.826-02 
2.25E-02 
1.896-02 
1.076-02 
3.476-02 
1.63E-02 
1.946-02 
2.096-02 
1.786-02 
3.066-02 
3.776-02 
4.336-02

7.046*01
8.606*01
3.126*01
7.606*01
5.346*01
4.576*01
S.2?E*01
3366*01
4.336*01
4.156*01
4.056*01

4.82E*00 
2.91 E *00 
3.956*00 
2.336*00 
4.836*00 
1.086*01 
4.296*00 
1.156*01 
7.886*00 
9.846*00 
3.946*00 
3.776*00

1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1998

Total 1.416*02
1306*01
4.426*00
7.246*00
5.086*00
4.606*00
B.43E«00
6.296*00
9.95E*00
7.006*00
8^BE*00
8.456*00
6.026*00

6326*00'
3.72E-01
2346-01
3.266-01
2.906-01
3.86E-01
2.47E-01
2.196-01
5J2E-01
3.186-01
U 1E-01
4.71 E-01
7.306-01

3’436*02~V60e*01 2.816*01 1.33E*01 5.176*01 3.61E*00 1.25E*01 5.646*02 2.606*01 5.766-01 1-306*01 6.236-01 3.19E-01 7316*02 7.096*01
6.116*00
6.206*00
6.756*00
4 .2 6 6 *0 1
6J4E*01
2.336*02
3.866*02
3.82E+02
1A5E*02
6206*01
673E*01
3.34E«01

3.006*00
2.096*00
2.866*00
2.686*00
2.426*00
1.716*00
1.486*00
331E*00
1366*00
1.436*00
3.076*00
2.416*00

1.676*01 4.336*00
1.406*00

1386*00 1.29E+0Q
1.806*00 9.676-01
1396*00 1.106*00
3316*00 1.046*00
4^46*00 9.73E-01
6376*00 9 436-01
7.71E*00 7.636-01
1.446*01 2.176*00
5366*00 IJSE+OO
3.706*00 6 656-01
4366*00 1 <086*00
2.906*00 7.756-01

2.856*00 
5356*00 
3.846*00 
4336*00 
4.856*00 
1.096*01 
7.196+00 
221E*01 
8.076*00 
4.026*00 
5.336*00 

.606*00

3376-01
1.416-01
3.34E-01
2.86E-01
1.996-01
1.296-01
1.886-01
4.836-01
3306-01
3.676-01
2.696-01
3.126-01

1.396*03 2.62E*01 5.74E*01 1.306*01 8,166*01 3.406*00

7.996-01
9.426-01
932E-01
1^96*00
1366*00
2.646*00
2.91E+00
5.74E+00
2Jt3E*00
137E+00
1.756*00
1.176*00

4.706*01 
5.91 E*01 
537E*01 
3.156*01 
4306*01 
3.196*01 
2i4IE*01 
5.6S£*01 
5.716*01 
U1E*01 
5.906*01 
5.306*01

1.836*00
3.436*00
1.796*00
3.396*00
2.746*00
3.386*00
4.046*00
7.606*00
3.476*00
2.116*00
2.726*00
3.936*00

7346-02
7.12E-02
>386-02
1.146-01
9.986-02
6396-02
8.906-02
1356-471
7306-02
5306-02
1.22E-01
8^36-02

2.166*00
1396*00
2 J0 6 *0 0
2326*00
2346*00
2-l7E*00
2.066*00.
4.976*00
1396*00
136E+00
3.1IE*00
1.466*00

4.496-02
4316-02
5.786-02
7376-02
4356-02
7^86-02
8.756-02
9336-02
449E-02
4366-02
5416-02
3.856-02

5.166-02 
5.906-02 
6.756-02 
8.736-02 
9 436-02 
8.01E-02 
5.79E-03 
1326-01 
6356-02 
8.776-02 
9.426-02 
7.086-02

3.196*01
5.486*01
5.77E«01
6686*01
8.036*01
1.676*02
2.326*02
2.396*02
1.066*02
8346*01
9.736*01
6.856*01

1.136*01 
6.336*00 
4.286*00 
4.136*00 
3.87E*00 
3 426*00 
2.856*00 
6.796*00 
4.006*00 
3.096*00 
4.226*00 
3 01E*00

5.666*02 4.04E+01 1.156*00 2.796*01 7.096-01 8.976-01 1.306*03 5.716*01
1.776*00 3386-02 5396-02 532E*01 U 4 6 *0 0
1376*00 2.196-02 5.046-02 4.92E*01 1.796*00
2.156*00 4.106-02 8386-02 5.676*01 2.176*00
1.636*00 3306-02 4.746-02 4.926*01 3.406-02
4.736*00 7.416-02 1.266-01 1.146*02 1 32E-01
3.006*00 6866-02 9.456-02 131E*02 1.406-01
4.TOE*00 6326-02 9.106-02 1.226*02 1.626-01
2.956*00 5 386-02 8.656-02 2.046*02 1.766-01
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4.376*01
3.026*01
1.266*02
1.476*02
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3336*00
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2.956*00
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3.11E*00
3376*00
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1376*00
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1.666*00
1.776*00
1.846*00
1.806*00
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3.706*00
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2.766*01
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2.636*01
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2.646*01
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2^96*00
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9.036*01
7.096*00
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2.066-01
1376-01
1.496-01
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4.486-02
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7.436-01
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5.226*01
7316*01
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4.406*01
1.076*02
1.126*02
1.196*02
8226*01
1316*02

1.71E*00
6.786-02
1.166-01
1306-01
2376-01
1386-01
1.446-01
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1386-01
1.12E-01
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Tab)* * : Factory t e w t r : h istoric  monthly discharges (January 1S94 • September 2001)

Year Month H -3  A lp h a  Beta
6 6 a  G B a  G B a

1994 1 1.25E+00 <.206-03 3.Z4E-02
1994 2 1.086+00 3.906-03 2.89E-02
1994 3 1.16E+00 4.506-03 7.54E-02
1994 4 1.60E+00 6.10E-03 3.91 E-02

1994 5 1.46E+00 7.306-03 4.25E-02
1994 6 1.67E+00 6.20E-03 2.B1E-02
1994 7 1.096+00 6.30E-03 1.54E-01
1994 8 1.38E+00 4 .706-03 4.696-02
1994 9 1.37E+00 6.906-03 4.366-02

1994 10 1.306*00 6.606-03 3.47E-02
1994 11 1.49E+OD 4.806-03 1.32E-02
1994 12 2.586+00 5.606-03 7.71 £-02
1994 Total 1.756+01 6.71 E -02  6.166-01
1995 1 2.766+00 5.406-03 4.08E-02
1995 2 2J24E+00 4.2QE-03 1.406-01
1995 3 2.086+00 9.806-03 2.426-01
1985 4 1 .6 6 6 + 0 0 .3  806-03 2.366-02
1896 5 1.67E+00 3.106-03 2.266-02
1995 S 1.516+00 4 .706-03 2.126-02
1995 7 1.396+00 3 .206-03 1.17E-01
1995 0 i:i3 E + 0 0  2.406-03 9 466-02
1995 9 1.176+00 1.906-03 3.966-02
1995 to 8.906-01 6.006-04 4.166-02
1995 11 5 736-01 7.006-04 2 966-02
1995 12 6.796-01 3 306-03  1.91 E-02
1995 Tots) 1.786+01 4.336-02 6.32E-01
1996 1 6.B2E-01 4.406-03 2.B66-02
1996 2 . 1.236+00 8 .506-03 4.256-02
1996 3 5,896-01 3.306-03 2.74E-02
1996 4 9.64E-01 9.006-04 2.236-02
1990 5 1.236+00 3.006-04 2.806-02
1996 6 8.04E-01 1.306-03 1.74E-02
1996 7 7.806-01 1.006-04 4.B36-02
1996 8 1.206+00 8.006-04 3 966-02
1996 9 5.756-01 1.006-03 3.156-02
1896 10 1.BSE+ 00 7.506-03 1.236-01
1996 11 1.566+00 3.506-03 1.606-01
1996 12 1.106+00 2.406-03 1,426-01
1996 Total 1.24E+01 3.406-02 7.096-01
1997 1 9.056-01 7.106-03 4.686-02
199 7 ' 2 1.136+00 4 406-03 7.816-02
1997 3 8.566-01 3.72E-02 0 356-02
1997 4 8.386-01 2 .206-03 5.056-02
1997 5 B.966-01 2 .906-03 5 54 6 -0 2
1997 8 5.57E-01 3.306-00 4.88E-02
1997 7 6.006-01 4.006-03 339 6 -0 2
1987 8 6.026-01 3.306-03 2.01E-C2
1897 9 9.956-01 2 .106-03 4.006-02
1997 10 2.11 E+OO 2.806-03 5.066-02
1997 ' 11 1-236+00 2.006-03 2.046-02
1997 12 1 40E+00 V 066-02 2.626-02
1987 Total 1.246+01 8.196-02 5.43E-01
1990 1 1.B2E+00 1.806-03 2.966-02
1998 2 1.276+00 2.106-03 2.61 E-02
1998 3 1.926+00 3.206-03 9.686-02
1998 4 1.186+00 2 .706-03 4.64E-02
1988 5 1.01 E+OO 2 .906-03 4.796-02
1988 6 9.846-01 2.306-03 3.806-02
1998 • 7 2.446+00 2.306-03 5.686-02
1998 8 1.476+00 3 .2 06 -03 ' 1.B7E-02
1998 9 1.156+00 2 .606-03 2.716-02
1998 10 1.166+00 4.106-03 2 056-02
1898 11 1.256+00 2.606-03 4.01E-02
1998 12 1.51 E+OO 2.206-03 2.316-02
1998 Total 1.736+01 3.206-02 4.74E-01
1999 1 8.266-01 1.706-03 4.1 IE -0 2
1999 2 7.546-01 3.806-03 2.606-02
1999 3 8.266-01 2.406-03 5 066-02
1999 4 1.13E+00 2.706-03 1.646-02
1999 5 4.9SE-01 1.306-03 3.296-02
1999 6 1.816+00 6.206-03 4.186-02
1999 7 1.89E+00 9.306-03 5 976-02
1999 8 . 8.056-02 3.006-04 2.506-03
1999 9 3.036+00 1.906-03 3.396-02
1999 10 9.91 E-01 3 606-03- 5.206-02
1999 -11 1.306+00 2.896-03 4.16E-02
1999 12 1.74E+00 3.24E-03 8.096-02
1999 Total 1.496+01 3.936-02 4b(jfc-01
2000 1 1.176+00 6.666-03 4.956-02 -
2000 2 9.036-01 2.456-03 5.066-02
2000 3 1.266+00 4.796-03 8.706-02
2000 4 . 3.935-01 1.476-03 2.136-02
2000 5 5.126-01 9.136-04 U S E -02
2000 6 B.006-01 1 2 8 6 -0 3  1.996-02
2000 7 1.14E+00 5.93E-03 7.25E-02
2000 8 2.47E-01 6.13E-04 6.63E-03
2000 9 2.64 E-01 1.406-03 1.306-02
2000 10 1.736+00 5.206-03 B.806-02
2000 11 1.406+00 2.126-03 5.186-02
2000 12 1.2B6+00 1.846-03 3.006-02
2000 Total .096+01 3.47E-02 4.B6E-01
2001 1 .206+01 4.01E-03 5.43E-02
2001 2 .806+00 2.31 E -03  4.27E-02
2001 3 .636+00 2.51 E -03  3.066-02
2001 4 .07E+00 2.716-03 5.296-02
2001 5 .206+00 1.866-03 3.296-02
2001 6 7.496-01 2.056-03 2.226-02
2001 7 4.63E-01 9.37E-04 7.886-03
2001 8 .556+00 3.106-03 3.306-02
2001 9 .096+00 3.34E -03  3.13E-02
2001 10
2001 11
2001 12
2001 Total 2.186+01 2.286-02 3.08E-01

Sellafield R S A 9 3  Review  
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Ta ble  10: EA R P  Bulks : historic discharges of radionuclide* not specified In ttie authorisation (January 1994 • September 2901)

Year Month 5r>69 Ru-103 A9-110m Sb*125 Pro-147 Eu-152 Eu-154 Eu-155 Np-237 Cm-242 nv243+ 2
GBo GBo GBo GB q GBa GBa GBg GBa GBq GBa GBq

1004 1 2.006-01 2.00E-02 2.496-02 9.51E-02 2.086-01 1.95E-01 2.036-01 1.15E-01 1.91 E-03 1.876-03
2 1.806-01 1.406-01 4.796-01 5.606-02 4.88E-01 4.016-02 1.02E-01 2.16E-0t 1.496-03 2.006-03
3 4.306-01 5.20E-01 3.45E+00 2.866-01 6.686-01 2.01E-01 3.556-01 7.78E-01 1.676-03 2.486-03
4 6.506-01 8.906-01 1.156*00 3.366-01 8.776-01 1.356+00 5.126-01 6J8E-01 1.05 E-03 8.666-04
5 8 306-01 1.00E-01 2.94E+00 6.21 E-01 7.496-01 7.06E-01 5.45E-01 B.26E-01 1.566-03 1.816-03
6 1.466+00 1.37E+00 7.546+00 1.436*00 2.01 E*00 4.84E+00 1.906*00 1.03E*00 4.7 IE-02 4.696-02
7 1.73E+00 2.486*00 8.076*00 8 306-01 1.41E*00 3.39E+00 1.33E+00 1.11£*00 1.086-02 1.236-02
B 1.67E+0O 1.316*00 7.32E*00 5.736-01 2.066*00 1.196+00 1.2SE*00 1.396*00 5.106-02 3 756-02
C 8,306-01 3.40E-01 3.546+00 2.896*00 2.406*01 1.096+01 4.53E+00 2.5IE-01 1.43E-02 1.546-02
10 7.00E-02 1.006-02 1.066-02 4.15E-01 1.586*00 7.506-01 3.696-01 S.eSE-02 9.256-04 4.78E-04
11 6.606-01 8.006-02 2.906-01 4.826-01 2.386*00 0.796-01 1.146+00 1.0S6-01 3.416-03 S. 206-03
12 1.98E+00 7.506-01 2.736+00 7.01 E+00 1.25E*00 1.496+00 5B1E-01 1.356*00 1.04E-02 !. 146-02

1094 Total 1086*01 8.016*00 3.77E+01 1.506*01 3.776*01 2.606+01 1.2BE+0I 7.696*00 1.466-01 t.486-01
1995 1 1.88E *00 7.306-01 7.47E-01 1.756*00 8.50E+00 3.31E+00 1.796+00 1.43E»00 5.39E-03 4.44E-03

2 1.34E+00 8.106-01 7.506-01 1.466*00 1.27E*00 4.436-01 7.21 E-01 7J5E-01 1.5 IE-01 5 296-02
3 1.676+00 1.5 BE *00 5.486-01 1.256*00 1.61E+01 8.72E+00 7.93E+00 9.27E-01 1.216-02 8 006-03
4 1.63E+00 1.25E+00 7.83E-01 1.126*00 3.486+00 2.63E+00 1.60E+00 9.58E-01 1.05E-0t 9.106-02
5 2 026*00 4.BSE+00 8.41 E-01 7.826-01 1.87E+00 3.086*00 1.806*00 8.44E-01 2 326-03 2B5E-C3
8 2.286+00 4.226*00 9.516-01 4.Q1E+00 1.07E-O1 5.97E-Q2 1.32E-01 6.3BE-01 3 796-02 5.886-02
7 1.956-00 2.286*00 1.296*00 1.866*00 1.826+00 6 766-01 1.32E+00 1.11E*00 4.38E-03 S.71E-03
a 1.986*00 3.036+00 1.726*00 1.B7E+00 2.606*00 3.37E+00 1.686*00 1-23E*00 2.926-02 3 366-01
9 2.096*00 5.646+00 1.926*00 4.34E+00 2.046+00 1.17E+00 J .126+00 8.BSE-01 8 936-03 1.256-02
to 1.796*00 3 586*00 3.876*00 1.316+00 5.S9E+00 5.11E+00 4.04E+0Q 7J96-01 1,656-02 2.01 E-Q2
11 2.136*00 5.816*00 6.106*00 1-236*00 2.106*00 1.236*00 1.106*00 1_25E*00 5 J6 6 -0 2 B.02E-02
12 183E+00 1496*00 6.436+00 1.21 E+00 3.31E+00 1.746+00 1.356*00 1.19E+00 7.816-02 B2S6-02

2.246+01 347E+01 2.606+01 2.206*01 4.866+01 3.17E+01 2 46E+01 1.176+01 5.046-01 7.566-01
2.006+00 
1.396+00 
1.51E+00 
2.806-01 
1.1 BE *00 
1.21E +00 
4.006-01 
1.206+00 
1.32£»00 
1.216+00 

566+00 
1.61E+00

2.72E+00
1.21E+01
6.606+06
0.306-01
0.706-01
3.77E*OC
8.806-01
6.636+00
0.68E+OO
5.2BE+00
0.15E+OO1.11E+01

5.096*00
3.71E+D0
4.526+00
1.44E+00
4.77E+00
6.056+00
1.31E+00
7.38E+00
4.13E+00
3.166+00
3.64E+00
3.596+00

2.07E+00 8.666-01 
8.366-01 
1.486-01 
4.BSE-01 
6.326-01 
1.B36-01 
5.446-01 
7.W7E-01 
2.09E MX) 
1.12E+00 
4.04E-01

9.666+00 
3.65E+00 
1.58E+00 
B61E-C1 

2.806+00 
9.796-01 
3.596-01 
3.746+00 
Z.70C*00 
1,146+00 
2.136+00 
1.21 E+00

6.90E-01 
9.71 E-01 
4.12E-01 
6.306-01 
t  ,466+00 
5.106-01 
2.166-01 
1.07E+00 
I.BSE+OO 
9.32E-01 
1.006+00 
1.906+00

1.50E+00
'1.366+00

9.226-01
4.576-01
1.596+00
7.07E-01
1.236-01
B.06E-01
I.U E -S 1
8.506-01
8.15E-01
1.02E+00

9.5AE-01 
8.57E-01 
1.156*00 
5.046-02 
8.12E-01 
4.90E-01 
2.016-01 
6.83E-01 
1.116*00 
S.18E-01 
1.33E+00 
1.076*00

3 58E-C2 
2.93E-C2 
2C3E-C2 
2.906-02 
3 306-C3 
5.34 £-03 
8.456-04 
9.Q2E-03 
2.46fc-OJ 
5.776-03 
3.376-03 

' 1.13g-02

4.73E-02 
5,596-02 
2.086-02 
1.56E-02 
5 44E-C3
5.866-03 
3.486-03 
1.BSE-02 
4.306-03 
B.16E-OJ
4.866-03 
8 756-03

1.506+01 6.77E+01 4.866+01 1.02E+01 3.12E+01 1.20E+01 1.09E+01 9.72E*00 1.566-01 2.006-01
1087 1 4.506-01 4.106-01 1.11 E+00 3.0B6-O1 2.596+00 3.786-01 5.64E-01 2.7 IE-01 1.566-02 1.316-02

2 8 006-02 2.00E-02 1.166-01 3.07E-02 9.516-02 3,176-02 5366-02 3 446-02 1.676-04 2.126-04
3 3.406-01 1.306-01 1.B06-O1 1.006-01 2JB E-01 3.066-01 t^ tE -0 1 1.4864)1 4.896-04 3-266-04
4 4.506-01 4.006-02 6.786-02 4.826-01 1.676-01 3.536-02 6.626-02 8.486-02 1.126-04 1.076-03
S 1.40E-01 3.00E-02 4 ^3E -0 2 3.006-02 1.63E-01 5.426-02 6 786-02 1.996-02 1.086-04 9.74E-05
a 2.806-01 1.006-01 1896-01 1.506-01 1.206*00 8.546-02 1.966-01 1.10E-01 7.706-04 8.91 E-04
7 1.31E+00 0.406-01 1.436+00 5.266-01 1-366+00 1.746+00 8.716*01 3.006-01 3,006-03 2.236-03
8 3 31E+00 4 106-01 5.256-01 6.346-01 6.91 E-01 7.676-01 2.686-01 7.936-01 3.586-0] 4.47E-03
9 1.526*00 1.006+00 1.496+00 5.066-01 1.14E+00 2.B16+00 B.72E-01 8.396-01 2.31E-04 4.36E-04
10 1.896+00 1.57E+00 1.006+00 5.906-01 3.866+00 1.096+00 8.67 E-01 1.356*00 2.066-03 2.106-03
11 1.286*00 1.716+00 1.04 E+01 6.3 IE-01 5 546*00 1.16E+00 9.1 IE-01 1.2 tE+00 9.1 IE-04 1.456-03
12 1.106+00 3.186+00 B.04E+00 7.596-01 6.676+00 2 366*00 3.096+00 1.016*00 2.596-03 2.696-03

1007 Total 1.196+01 9.22E+00 3.376+01 4.B4E+00 2.37E+01 1.07E+01 8.006*00 8,25E *00 3.086-02 2.926-02
1898 1 1.486+00 2.51E*00 5.046+00 2.52E+00 1.656*01 1.036+01 1.07E+01 1.706*00 1.476-03 1.066-03

2 U 7 E + 0 0 1.706+00 4.346+00 2.306-01 3.556+00 6.786-01 6.586-01 1.856+00 1,07 E-03 1.846-03
3 2.096+00 1.406+00 1.916+00 1.006+00 1.616+00 B. 9 IE-01 7.166-01 1.596+00 1.046-03 1.576-03
4 1.066+00 9.506-4)1 2.236+00 7.156-01 2.306+00 8.37E-01 7.16E-01 1.056+00 1.31E-03 1.56E-03
5 1.25E+00 1.01E+OO 2.96E+00 4.896-01 3.836+00 6.996-01 6.586-01 8.886-01 9,54 E-03 B.886-03
B 1 i7 E + 0 0 1.526+00 1.536+00 4.096-01 4.42E+OQ 1.306*00 1.116+00 2.646411 4,266-03 3.046-03
7 1.806+00 1.766+00 1.22E+00 4.52E-01 9.436-01 1.45E+00 6.87E-01 5.826-01 1.806-03 1.10E-02
B 8.306-01 2-306-01 5.006-01 8.966-02 5.716-01 5.006-01 3.066-01 2.826-01 8.306-04 1.0S6-03
0 1.906-4)1 7.006-02 1.106-01 2J5E-02 1.B2E-01 9.46E-02 2.0 IE-01 5.396-02 2.086-04 2066-04
10 0.006-01 2.406-01 6.77E-01 2.23E-01 1,446*00 2.57E-01 3^6E-01 1.B8E-01 9.656-04 5416-04
11 1.196+00 1.396+00 3.166+00 a^4E-01 2.706+00 7.07E-01 8.666-01 6.116-01 7.33 E -03 8506-03
12 1.0B6 +00 .8.106-01 1.586+00 7.446-01 2.386+00 6^36-01 6.63E-01 5.786-01 4.256-03 4.786-03

1908 Total 1.446+01 1.436+01 2.626+01 • 7.716*00 4,056+01 1.846*01 1.786+01 B.39E+00 3.506-02 4 466-02
1990 1 1.636+00 9.706-01 1.336*00 3.85E-01 1.18E+00 5.02E-O1 7.556-01 1.046+00 6.156-03 5.656-03

2 2 466*00 1.27E+00 1.406+00 3.766-01 1.976+00 4.056-01 8.67E-01 6.566-01 9.746-03 9.056-03
3 1-596*00 6.606-01 1.006+00 3^4E-01 1.056+00 5.406-01 B.42E-01 7.616-01 1.016-02 1.256-02
4 1.256*00 8.406-01 5.086-01 6.93E-01 2.27E+00 7.566-01 1.01 E+00 9.296-01 1.03E-02 1.54 E-02
5 0.206-01 7.106-01 8.966-01 4.84E-01 1.026+00 1.58E+00 1.396+00 7.376-01 8.316-03 4.176-03
a 1.44E+00 7.206-01 6.906-01 3^06-01 1.196+00 1.37E+00 5.19E-01 6.496-01 1.906-02 1.026-02
7 1.756*00 1.006+00 1.196+00 2.826-01 3.086+00 1.526+00 7.106-01 5.19E-01 7.066-03 6.326-03
8 8606-01 0 506*00 6.686-01 4.B7E-01 3.426+00 8.046-01 6u2 IE-01 7.846-01 1.356-02 1.366-02
9 1.386+00 6.706-01 7.636-01 4.646-01 1.236+00 2.166+00 7.536-01 7.396-01 6.056-03 5376-03
10 1.806*00 1,266*00 1.536+00 7.076-01 2.766+00 1.456+00 1.11E+00 1.016+00 2.846-02 2.036-02
11 8.506-01 5.306-01 6.906-01 3.836-01 8.746-01 1.456+00 5336-01 2.476-01 1.046-02 5.316-03
12 1.766+00 B.506-01 1.87E+00 5.306-01 9 806-01 2.206+00 1.016+00 B606-01 1006-02 1.006-02

1900 Total 1.776+01 1.606+01 1.24E+01 5.45E*00 2.196+01 1.486+01 1.016+01 8.736+00 1.39E-01 1.366-01
2000 1 8.B4E-01 3.65E-01 5.106-01 2.3 IE-01 7.026-01 8.516-01 4.496-01 3.336-01 8.006-03 6.006-03

2 1.636+00 9.386-01 1.196+00 5.81 E-01 1.04 E+00 4.896-01 8.796-01 6.606-01 5.006-03 5.00E-03
3 1.196+00 6.31E-01 8.806-01 3.896-01 1.146+00 1.076+00 1.076*00 7.856-01 B.00E-O3 1.406-02
4 1.43E+00 1.686+00 1.81 E+00 5.01E-01 6.33E-01 7.09E-01 9.496-01 6.546-01 2.006-02 6.006-03
5 1.256+00 5.2B6-01 7.406-01 4.936-01 1.31E+00 7.41E-01 8.046-01 1.06E+00 B.006-O3 7.006-03
a 9 436-01 1.126+00 5.20E-01 4.306-01 9.666-01 1.106+00 5.B4E-01 4J86-01 5.006-03 5.00E-03
7 8^16-01 3.976-01 5.506-01 5.34E-01 1.32E+00 8.14E-01 7.066-01 3.966-01 t.006-03 3.006-03
B 1_2CC*00 5.396-01 6.806-01 3.766-01 3.916*00 2^66+00 2.31E+00 6.79E-01 3 006-03 3.006-01
9 ■ 1.61E+00 0 926-Ot 1.61E+00 5.386-01 3.466+00 8.816-01 2.006+00 5.606-01 1.006-03 2.006-03
10 6.84 E-01 8 306-02 6.006-02 7.106-02 4.67E-01 3.716-01 1.396-01 1.986-01 OQOE+OO 0.006+00

, 11 5.786-01 2.106-02 2.006-02 2.806-02 1.04E-01 4106-02 1.096-01 4.406-02 1.006-03 0.006*00
12 5 256*00 6.006-03 4.206-01 2.856-01 7.136-01 1.836-01 3.466-01 3.19E-01 2.006-03 2.006-03

2000 Total 1.756*01 7.4BE+0O B.00E+OO 4.466*00 1.586+01 1.066*01 i . i  i  e+oi 8.14E*00 6.706-02 5306-02
2001 1 1.526+00 8.826-01 7.266-01 2.55E*00 6.636-01 3.856+00 947E-01 7.056-01 6.406-01 364E-03 5.72E-03

2 3.396*01 1.156+00 3.756-01 2.106*00 7.346-01 4.S1E+00 1.686*00 1.636+00 4.67E-01 4.096-03 2.416-03
3 1.506+00 1.106+00 3.34E-01 7.156-01 3.B7E-01 3.006+00 9.466-01 B.716-01 3.1 IE-01 2.94E-03 1.526-03
4 6.756-02 2.686-02 3.74E-02 8.706-02 2.486-02 4.086-01 2.156-01 2.086-01 3.916-02 101E-04 4.486-04
5 1.326+00 1.31 E+00 .01E *00 2.946 *00 3.456-01 5.506-01 9.626-01 6.136-01 7.936-01 5.616-03 1.966-03
6 1.056+00 1.146*00 1.406*00 3.196*00 9.106-01 1.216+00 1.126*00. 1.166+00 7^36-01 9.406-04 2.51E-03
7 8.206+00 1.726+00 1.086+00 3.586+00 4.366-01 426*00 1.076*00 2.32E+00 1.066+00 8.12E-03 4,136-03
B 9.64E-01 7.41E-01 .1 1E+00 2.14E *00 4 61E-01 9.656-01 2.756-01 5.666-01 5.406-01 1,466-02 1.306-03
0 1.196+00 6.57E-01 9.306-01 1.56E *00 3.906-01 .746*00 3.776-01 4.946-01 3.266-01 4.996-03 5.016-03

4.97E*01 8.73E*00 7-00 E+00 1.896*01 4.356*00 2.176*01 7 596*00 a 65E*00 4.91E*00 < 35E-02 2 506^0?

N B  - & »u  (of Mb.54. f c - i i .  N i-«J  and 2*41  >rc incited M E A R f Cooccatrttcs *» Uvrv *Tt u a p la i a  E A A f To u t
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Noo-stawonr Uquid dbthwje data for 1994 to 2001 (updaed on 1W 1-02) - » lent to EA

TaW» I t :  EARP Concwtfntes : historic discharges ol r*dkjiu>cUdts not iv * c i(M  In t f »  authorisation (January 1H4 .  2991)

Y u i  Month
G6<|

F#-M N W J 
GBq__________ GBo

Z M ]
GBq

Sr-49
GBq

Ru-103
_S5a_

S6-125 Pm-147 
GBq GBa

< 1.926-01 1-24E-01 «  2.36E-01

< 556E-01 3 79E-C1 < 4.96E-01

< 1,42E*00 6.97E-01 < 6.0SE-01 

5.31E*00 * 3SAE-01 < 3 6BF-Q1
< 751E*00 < I57E*00 < 1716*00

Nm NW N/R NIR
Nm Nm • N « NIR

< 3.75E-01 1.66E*01 1.806-01 8.606-02 1.436-01
3 27E*01 2.(06-01 1.41E-01 2.796-01

Nm Nm N R Nm
< 1.196*00 Nm NIR NIR Nm

Nm Nm HIR Nm
1.47E*01 3.006-02 2.466-02 1.73E-01

< 2.706*00 1.666*01 180E-01 4.006-02 5.896-01
Z06E*0l 1J06-01 8^6E-07 3.14E-01

Nm Nm NIR NIR
< 6.386-01 3 646*00 8 006-02 4.25E-0? 1.I6E-01

6iM S2
GBq

Eu-114
GBq

W R 
Nm  

3536-01 
1.106*00 

N/R 
W R 
N/R 

4 44E-01 
920E-01 
4 646-02 

N/R 
3206-02

2J1E*01 1.90E-01 1566-01
1.826*01 1 JO E-01 7.136-02

* 8 186-01 * 2.266*00 9.676*09 4J06-01 2.016-01
1-226*01 J.106-01 1.166-01
3.006 *01 6.006-01 2.166-01

< 9.056-01 < 2-206*00 1.076*01 5506*01 J.41E-01
5.33 E *00 2.306-01 1.066-01
1.456*01 6.60E-01 1.7JE-01

9.966-01 * • 77E^1 6.64E*00 1506-01 8.916-02
1.046*01 1.706-01 •566-02
1.366*01 3.806-01 1J1E-01

1.256*00 
< 3.656*00

< 2.766*01 7.456*00 2.00E-01 4 456-02

1.666*00 2 876*00

MR
N/R

2.16E-01
7.31E-01

WR
NIR
N/R

8.17E-02
2-W6-01
3556-02

MR
2.136.02

EiMSS
GBa

2.766-01 
655E-01 
7.3IE-01 
i.eoe-oi 
6836-01 
2 826-01
3.766-01 
1026*00 
2.515-01 
7.796-01 
4.616-01 
2.626-01 
5 436.00

5.396-01 
1.IKE *00 
S71E-01 
3436-01
3.996*00
6566-01 
Z.B2E-01 
1.056*00 
0 096-03 
1.7SE-00 
4 696-01 
5.286-01

1-346*00 
6.ME41 
1.156 *00 
257E-01 
4.IIE-01 
1446*00 
3.106-01 
8.99E-01 
3546-01 
a we-GO 
640E-01 
3. toe-oi
3.21E-01

t m
NIR 

1546-01 
5.046-01 

NIR 
MR 
NIR 

7 486-02 
1416-01 
2.42E-02 

NIR 
7.096-03

NO-237
GBq
N *
n ir

2536-01
952E-01

M R '
N/R
NIR

3.036-01
256E-01
3.96E-01

N/R
1.136-01

Cm-242
GBq
N/R 
n ir  

1.906-04 
1 82E-Q3 

NTR 
WR 

■ N/R 
2.266-04 
3546-03 
5566-04 

N/R
7.146-04

Cm-243 * 244
GBa
N/R 
WR 

1.456-04 
2.29E-03 

IVR 
N/R 
N/R 

2.80E-04 
2.80E-02 
8.42E-04 

N/R 
t M t -W

9 556-01 2 246*00 6.836-03 7.14F4H
1.83E-01 
3.096-01 
3 486-01 
2.076-01 
9.156-01 
2.896-01 
2.756-01
5.216-01
2 056-03
3 496-01
4.216-01 
2596-01

4566-01 
4.72E-01 
3,136-01 
14 76-01 
2.876-01 
2.976-01 
4546-01 
3.12E-01 
8.966-02 
9.1 IE-02 
2506-01 

.796-01

4 45C-03 
2.656-03 
1.106-03 
2.176-03 
8 4JE0 3  
1.10E-03 
2.44 E-03
2.746-03 
1.406-03 
4.16E 4Q  
9.616-03 
3-566-02

9.506-04 
3.19E-03 
1.166-03 
1.356-<H 
6.726-0] 
»jae-04  
8.236-CD 
2566-03 
1006-03 
1096-03 
1.326-02 
2-606-67 
7.076-03

1995
1990

4366-01 < 9.116-01

2.18E-01 «  4536-01

553E-01 < 1.01 E*00

4.20E-01 < 3^96-01 ~ 9.B9g-01 < B.87E-01

*-576*00 
1.41 E*01 
1.01E+C1
t.ooa+oo
3.8lE«CO
1.106*01
2.906*01
1.06E*«1
1JBC*01
7.94£*C0
2.79E+00

WR

3J06-01 
# JOE-OI 
l.ME-01 
2.606-01
3.006-02 
3.70E-01 
S.BOE-OI 
2.00E-01 
1.40E-01 
1.406-01
2.006-02 

a s _

0 7ft£-O2 
2J66-01 
8.12E-G2 
9i3£-02 
1.006-02 
13 76-01 
3. W E-01 
9.31E-C2 
t.906-02 
C.00E-0Z 
9.4SE-03 

WR
1.tSE*00 < 2 . 3 4 E 5 . B 9 e * 0 0  «  2.1OT*0Q 116E*Q2 11SE*00 1276*00

2.44C-01 
4.1SE-01 
1.W6-01 
1.44 E-01 
5.73E-02 
2.606-01 
8.2SE-01 
1-J9E-01 
2.796-01 
3 476-01 
5.846-02 

N/R

1256*01 
1^96*00 
S. 706-01 
1JCE*O0 
1JME*00

4.91E-01 
1 -01 E*00 
1.17E*00 
1.13E*00 
i^?iE*oa 
1J3E-01 

N/R

1596*01 2506-01 8.216-02
Nm Nm NIR

6.946-02 * 0526-02 1-206*00 « 1.17E-01 N/R 
. 4.766*01

WR
7.10E-01

NIR
1.666-01

2J4E-01 6.656-02
1.206*01 1.036*00 2526-01

‘
7556-01 < 3.606-01 6.056*00

4-356*01
1506-01
4506-01

4^6E-0Z
1.316-01

3.026-01
Km Nm Nm

5.I7E-01 < 3.866-01 * 651E-01 Nm
1.786*01

Nm
3.806-01

Nm
2 406-01

4JCE-01
1.306*00

5.786-01
1.01E*00

2.096*01 9^06-01 9.466-01

K
1.576*00 
3.696*00 <

1.206*00
2536*00

8 326*00
1.756*02

3606>01 
4236*00

3.736-01
2.24E*00

2.96E+00 8 flTE*on 
4.74E-01

Bj7E*00 4.086*00 3 336<00 7«1C^O? 
3.036-01 
4.97E-01 
2 .W E 4 I 
4.91 E-01 
8^5£-02 
3.106-01 
7.11E-01 
2.076-01 
1.746-01 
1.166*00 
8-246-02 

N/R

5.ME-01 
8 026-01 
1.47E-01 
2 J 76-01 
8 756-02 
SJ4E-01 
4 826-01 
1 47Emi 
Z49E41 
2.816^71 
1J3E-01 

NTR

N/R
Nm

1.40E-01 
4.BSE-01 
4386-01 
4J86-01 

WRurn
2.M E -01 
1.41E+00 

_*,77E-01

130E-KX)
NW
N/R

1.C3E-01
1.07E+00
10SE*00
8.76E-01

Nffl

3 486*00 
Si!E-01

NR 
MX 

1.40601 
1.886-01 
1.37E-01 
4J0E471 

WR
N/R N/R 

2.ft3£-01 1.836-01 
Z.BS£*00 8.776-01 
3 406*00 V 836 *00 
1.12E*01 4.116*00 
2.21 E*00

4.36E*00
5iS E -0 »

2.03E-01 
1.98E-01 
1.1SE-01 
1.74E-01 
#^9E-Q2 
2.34 6-01 
2.906*00 
2.16E-01 
1A4E-01 
2J4E-01 
1.136-01 

WR

1.796-03 
2.7>E-<a 
2.606-03 
2.906-03 
7.876-04 
U t E -0 3  
5 iS £ -0 0
7.796-03 
7.426-04 
1-21 £-03 
4.QJE-04

N/R

M R 
HIR  

1.956-01 
2J86-01 
2.096-01 
S^2£-01 

W R  
N/R 

2B6E-01 
S.71E-01 
1.91E*00 2.778-01 
4.646*00 
4 056-01 
1.66C*00 

NIR 
NIR

4 896*00 3 J9 6 -m  
1.466-01

N m  
N/R 

8.71 E-02 
2.17E-01 
7.966-C2 
1 ^tE -O l 

N/R 
Nm

3JB6-01 
3.806-01

2^4£-a: 
2.49E-® 
2.676-03 
9.07E-03 
4.796-04 
1.346-03 
2 J1 E -K  
2.91 E -O  
6.666-04 
6^96-03 
a.<tSE-04 

N/R

2.256-03 
HIR 
NIR 

5.046-04 
4.436-04 
1.886-03 
2.7ZE-03 

NIR 
N/R 

6 436-05 
3.47E-C3 

206-04

7.156-02
2.106-03 

fUR 
NIR

1.02E-03
4.066-04
9.606-04
1.696-03

M R
NIR

2.326-04
1.106-02 
4.336-044.576*00 

7.S3E-01 
1.586-01 

NIR 
N/R 
N/R
Nm
N/R
N/R
N/R

*216-02
4.616-01
3,336-01

i!5il
5.016-0) 2.B7E-01

3J4E-01 «  4.126-01

1.81E41 < 2.416-01

3J5E-01 < 3.286-01

2000 Total
2001

.366*00 < 1.27E*00

5J5E-01
1546*01 4.406-01 1.716-01

* *516-01 Nm N/R Nm
Nm Nm Nm
Nm Nm Nm

8.52E-01 < 5556-01 Nm Nm NIR
Nm Nm NIR

- _  Nm Nm Nm
4.006-01 «  3.B6E-01 HIR Nm Nm

3.926*00 2.006-02 1.636-02

2.07E*00
3.656*00

2.656*01 2.806-01 6.606-02-
5.226-01 

< 2.416*00
9.706*00
7.356*01

4.60E-01
1.496*00

9836-02
S.31E-01

2.71 E*00 
NIR 
WR 
N/R 
N/R 
N/R 
N/R 
N/R 

1966-01 
9.216-01 
5 586-01

41 
1.106*00 

N/R 
N/R 
N/R 
MR 
N/R 
N/R 
N/R

ixse-02
3.246-01
9*86-0^

N/R
N/R
N/R
N/R

1.42E-01
6.566-01
2-586-01

1.666*00
3.136-01
2.936-01

N/R
N/R
N/R
N/R
Nm
NIR 
NIR 

1.12E-01 
1 *76-01 
2.726-01

1.186-02
2.456-03
7.776-04

NIR
NIR
NIR
NIR
NIR
NIR
NIR

8.066-04
3.496-03
2.496-03

«  1.922*01 t  4 426-01

«  2.47E-01 «  4.506-01

* 1.946-01 4.24E *00

* 4 836-01 < 1.036*00

3.696-01 

7.67E-01 

6.01 E-01 

S.546*00

3J76*01

4.416-01

4.3SE-01

8.75E41

1.236+02
6J!3E*00

3,006-01 
1.106-01

6.01 E-02 
2.006-02

Nm Nm NIR
Nm Nm h m

7.236*01 3.50E-01 8 426-02
1.066*01 . 1.706-01 4 096-02

N/R Nm NIR
HIR Nm Nm
HfR Nm Nm

2.966*00 1.006-02 1.006-02
1.786*02 7506-01 1.626-01
3.626*01 3,006-02 4.006-02

184^*00 6 .60 E -0 0  2.616*00  3.126*00 1.196*00 a a i C -m  
2.05E-01 1.15E*00 2.166^1 4.056-01 "5.10E-01 5 B lP -m

1.7B E -C
1.446-03
6.036-04

NIR
N/R
Nm
Nm
Nm
Nm
Nm

7.72E-0*
7.31 E-03 
2.776-03

2.01E*01 < 8166*00 7>28E*00 < 3.456*01 4.28E*02 1.726*00 4l37E^)1

2.056-01 
6.216-02 • Nm 

Nm 
4.47E-01 
2.47E-01 

Nm 
Nm 
Nm 

2.77E-Q2 
1.24E-01 
1.006-02

2-J1E-01 S.46E-01 

2.S2E-01 4.026-01

2.186-01

1.12E-01

1.966-01

1.43t^)1

1.20E*00

1.406*00

2.23€*00

1.306-01
I 6.44E411 1236*00 4.966*00

1656*02 2576-01 1.006-01
7.696*01 8.406-02 3.006-02

5.07E-01 0.006*00 0.006*00 0006*00
0 006*00 0.006*00 0.006*00
0.006*00 0.006*00 0.006*00

551 E-01 8556*01 8506-02 4.00642
2.666*01 2.606-01 1.106-01
0.006*00 0.006*00 0.006*00

4.06E-01 0526*00 6.206-02 4.006-02
4 106 *01 1.406*00 2.306-01
o .ooe*oo 0.006*00 0.006*00

1.756-01
1646*00

8.196*01 
4 636 *02

3.156*00 
5 28E*00

5.90641
1.146*00

1.17E*00

1.15E*00
2.166-01

N/R
N/R

7.046-01
6.61E-01

N/R
N/R
Nm

2.696-01 
8.306-01 
3 006-02

2.166-01
3J9E-01

N/R
not 

3 016-01 
7J9E-01 

til* 
NIR 
NH> 

5.37E-02 
84*6-02 
3.006-02

1.75E-01 3^46-01 

1J6E-01 2J31E-01

3.S5E-01

2.206-01

2.606-01

1.936-01

3.166*00
8.67£*01
4536*01
9.42E*01
0.006*00
0.006*00
0006*00
8.07E*01
7^36*01

1J7E-01 1.666-02
1.086*00
3.05E*00
2-236*00
0006*00
0006*00
0.00e*00
1^36*00
1i56*00

2.73E-0I 
4J1E-01 
3 646-01 

0 006*00 
0 006*00 
0.006*00 
2.BBE-01 3 JOE-01

4^56-01 
3.t4E*00 
8 306*00 
6406*00 
0.006*00 
0006*00 
0.006*00 
3.346*00 
3.736*00

__________4.066*00
8.106-02 SJ9E-01 1,686-01 
2.10E-02 1.04E-01 3.806-02 
0.006*00 0 006*00 0006*00 
0.006*00 0.006*00 0.006*00 
0.006*00 0006*00 0006*00
7.106-02 8006-02 4 806-Q2
3 20E-02 S 906-02 1.34E-01 
0.006*00 0.006*00 0006*00
4 JO E-02 8.106-02 1.07E-01 
1^7E-01 2.87E-01 2856-01 

0 006*00 0.006*00 0,006*00 
1.35E-01 6.506-01 1 78f-ft1 
5,506-01 1.64E*00 B57£-Q1

4.056-01
1.356-01

(«R
N m

4.57E-01
3.68E-01

Nm
Nm
HfR

5.95E-02
1.736-01.

006-02

4.106-01
6.34E-02

Nm
Nm

4.276-01
u i e ^ i i

Nm
NIR 
N/R 

1.06E-01 
3.006-01 
4 0QE-Q2

5.616-03
6^36-04

Nm
Nm

1^66-03
3566-03

MR
Nm
NIR

8.466-04
5.65603 
0 006*00

1.296-02 
6.63E-03 
5.796-04 

Nm 
Nm 

4.516-04 
4.05E-G3 

N/R
Nm
Nm

6.11E-04
5.156-03 
0.006*00

1.606 *00 1,656*00 1.62E*00 1 .7 66 -03 " 1.756-02
1J4E-01 
1J0E-02 
0.006*00 
0.006*00 
0.006*00 
7.206-02
5.906-02 
0.006*00
8.906-02 
1.186-01 

0.006*00 
1.676-01

2.34E-01 
4.906-02 
0.006*00 
0.006*00 
o.o o e *o o  
8,606-02 
7.406-02 
0.006*00 
4 JO E -02 
2.22E-01 
0 006*00 2

1-276-01
1.816*00
2.966-01
1.886-01

5.94E-02
1.166*00
5.0764)1
5.606-01

7.636-02 
7JJ6-01 
1.186-01 
1.37E-01

6.676-01 -  
2.746-02 
i . 666-01 
2.4S6-01 
1J4E-01

1.00E-03 
2.006-03 
0.006*00 
0.006*00 
0.006*00 
1.00E-C3 
0 006*00 
0.006*00 
0.006*00 
0.006*00 
0.006*00 

266-01 2,006-03
8.146-01
4.64E-Q2
S J0 6 -0 I
1J16-01
1J16-01

2.006-03
1.006-03 

0.006*00 
0.006*00 
O.OOE*49
1.006-03 
0.006*00 
0.006*00 
0.006*00
1.006-03 
0.006*00

___________ 0.006*00
,6.006-03 SOOF-ta
4.156-04 
3.746-03 
1.136-03 
2.BSE-03

6.13E-01 2.706-01 1.6464)1 1.126-01 2.496-01 1306-03 
122E-01 1.606-01 6.34E-02 1-206-01 1.60E-O1 1.B6E-Q3

1.346-01
9.21E-01
1546-03
1.66E-02

6 .1 9 6 -0
1.446-03

t 3.I1E-01 .  A ? S E 4 )1 4 53E-01 3 626*02 929E*00 1 896*00 2.53E*Ol 3.15E7bo 7 6 0 6 * 0 0  1 ?96»00 1.24f;*00 1.75C«nr>—

NB-ortvauartertyh* data isantable lor Miv54. Fe-55. N M 3 and 2 M 3 : data tor ihe(< Im o p .*  includes data tor EARP B i* i  as n «v  an  w n c M  u  an e a r p  Total. 
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Nott-*tatk4aryLiqtAI disOwge data tor 1994 to2001 (updattdOn 10411-02) • ai aanl to6A^ts S t l p p O f t i n g  i n f o r m a t i o n
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Norvatatulory liquid tfixfiarg* (tali lor 1994 to 2001 (updd*4 on 1041-02) - as **nt la EA.ni

T*M* 12: SIXEP : historic dlscttarava cf (Mflonuclldai not ip tcH M  in Rw lUhwtu llM i (January UM  • S*ntamb*r 2001)

Month S -J5
GBa

Mo-54
GBa

F t J S
GBa

NI-«3
GBa

Z iv M
GBa

S r-« l
G Ba

Ru-103 A e -IIO m  S b -lJJ Pm-147 tu -1 M  
GBa GBq GBg GBq GBa

Eu-134 Eu-1S9-G»l OBq Np-Z37 Cm-242 
^ B g _ _ _ _ G B ^

Cm -IM  « 244
CPl

1.606*01 1.306*01 2.6JE*b0 1.12E*01 2 86£*00 1.796-00 1.11E*00 3.52E-01 1.116-01
S.13E*00 6 0SE-00 1.37E*00 1.786*00 «436-01 4 336-01 2.856-01 5.15E-01 1.2BE-U

1.10€*02 < 7.a06»00 * 0 886-01 4.76E*00 4 98E*00 7.406*00 8 016*00 S.54E*00 5.17E*00 7.806*00 3.866*00 2 23E*00 B.28E-C1 4 21E-02
B.19E*C0 8.7DE-00 2.306*00 3.57E»00 2.046*00 8.74E-01 7.126-01 8.75E-01 3.07E-02
B4JE*00 5 56E»00 8 566*00 2 4 36 *00 8«56*00 1.726*00 1506 *00 8.09E-01 3 136-02

1.32E*02 < J.04E-00 < 3.126*00 . 6.73E-00 «  1.236*00 8 34 E *00 4.59E»00 1.80e*00 1.026*01 8.21E-01 0 806-01 4.896-01 4 27E-01 3 606-01
8 73E*00 1-1 BE-*01 2.456*00 4 806*00 7.54E-01 1.2«E*00 3.516-01 6.63E-01 7 846-02
7.17E»0d 8 53E*00 2.38E*CO 1.31E*00 1.336*00 1.126*00 S.liE-01 5.57E-01 8 366-02

8.7BE*01 < 4.816*00 5 87E*00 5 66E*00 < 1.31E»01 5.77E*00 3 99E*00 1806*00 2.086*00 1.256*00 8.356-01 2.806-01 1 .20t*00 4S6E-02
8.02E»00 3.44E*00 2 2BE*00 4.006*00 8 57E*00 4 S9E-0I S.1TE-01 I.OSE^DO 8 66E-02
S.4JE*00 2706*00 1.2BE-00 1.616*00 132E*00 1.866*00 5.806-01 5.25E-01 2 586-02

9.93E-00 «  3 81£*0Q 7 06E-01 8 00E»0Q 4 506*00 5,426*00 3 07E*00 1.346*00_________ 3 026 *00 8 62E-01 1 036 *00 4.826-01 2.2BE-01 1786-02

2.S2E-02 
4.11 E-OJ 
1.CBE-02 
155E-02 
I.77E-02 
2 3SE-02 
1456-02 
112E-02 
8 S8E-03 
&7BE-03 
2 086-02 
T.Sie-03

< 3.4C£»02 < 2.31E*01 < 1.08E*01 2.21E«01 «  2.38E+01 B.30E*01 7.74E«0) 3.1SE*01 S.13E»01 3 4 36 *01 1.566*01 8.186*00 7 76E*00 9.37E-0) 1876-01

9.3BE-01 < 4 06E *00 7.S IE-01

2.08£*C2 < 4 826*00 1.14E*00

2 186 *02 < 4916*00 < 1.61E-00

9746*01 * 3 846*00 1 3BE *OQ

6.086*00 2.S2E*00 1.806*00 4 306*00
5.286*00 3 676*00 2.016*00 1386*00

7.626*00 < 1.12E*01 8 686*00 3 396*00 1.756*00 3 026*00
6 086*00 5506*00 3 01E*00 1656*00
1016*01 3 226*00 1.81E*00 2.266*00

1.15€-*01 < 8.026*00 8.046 *00 3 856*00 1786*00 1.316*00
8 086*00 4 306*00 2 68E*00 1256*00
8.7*EM>0 B 31E*00 2 236*00 1.246*00

0176*00 < 1,086*01 8 786*00 1.17E*01 4.0BE«00 1.20E*00
&.87E*00 1336*01 3 356*00 1336*00 
&01E*00 8 086*00 2.226*00 ' 1.81E*00

2 B3E*OQ < 8 74E*00 B.57E»00 3 156*00 1.B2E*00 ? 006*00

4.B4E-OI 
185€*00 
7.1BE-01 
1.136*00 
1 466*00 
1.43E*00 
2536*00 
7. M E-01 
8 31E*00 
BeaE-01 
1306*00

1.106*00 
2.226-01 
1 .41E*« 
5.B2E-01 
4.646-01 BB8E-01 
3.726-01 
5.41 E-01 
2.026*00 
4.536-01 
0,186-01

5.23E-01 
2.34E-01 
101E*00 
4 43E-01 
511E-01 
4.756-01 
4.08C-01
3 786-01 
B.ME-01 
7.48E-01
4 4*6-01

TJSErOt 1,01E*00 5.286-01

4.666-01
2.47E-01
3 846-01 
3.07E-01 
S-28E-01 
8 266-02
4 88E-01
5 006-01 
3 066-01 
2.SS6-01 
3.81 E-01 
8.036-01

3 466-02 
1.186-02 
2 84E-02 
<286-02 2 686-02 
2.36E-02 
1. TOE-02 
1.7S6-C2 
1.72E-02 
1.07E-O2 
3.38E-02

1J4E<02а.nC'Oa 
Q.UE-03
б .0 6 ^3  
3 27E-03

3 62E-03 
3 74C-Q)
1.62C-02 
1.WC-02 
0 66E-03

31<g»01 < 4.066*01
1996 1 7.616*00 3.14E*00 1.646*00 166E*00 1.46E*00 2.946*01 1306-01 3.52E-01 9.116-02

-— i. i^ i--
1.656*02

2 6.636+00 3 456+00 1.776+00 • 2.556*00 1.106+00 7.316-01 5.056-01 1476-01 3.456-02 2.026-02
3 1.356*02 < 4.13E+00 < 9.666-01 1666*00 < 6.196*00 6.66E+00 2966*00 1926+00 1.466*00 5.32E-01 6.796-01 3.996-01 2.906-01 3.676-02 6.266*03
4 6.946*00 2.266+00 1.136+00 257E*00 1.286*00 6.296-01 1.196*00 3.606-01 3.966-02 2.916-02
6 6.71 E+OO 2646+00 1.626+00 1.52E+00 2.366*00 4.796-01 4.666*01 4.066-01 1.506-02 1.006-02
6 2.56E+02 < 3.56E+00 < 1.31E-01 4.056+00 < 7J56+00 5.366+00 2646+00 1.43E+00 6.746-01 6.216-01 6.406-01 3.526-01 1.976-01 6.706-03 3.246-03
7 7.006+00 3.10E*00 1.776*00 . 1^26+00 4 63E-01 3.236*01 3.276-01 4.676*01 1206-02 2.696*02
6 6.076*00 6.746+00 2.166*00 1.176+00 4.656-01 4.406-01 3.696-01 4.056-01 1.556-02 1.116-02
9 3.046+02 < 0 046*00 1.766+00 < 1136+01 < 1.S76+01 4.966*00 6.66E+00 2036+00 1.51 E*00 1.436*00 1366-01 4.766-01 4.006*01 1926-02 1.206-02
10 * 6.476+00 7.326*00 143E+00 7.026+00 1.696*00 9 646-01 5.07E-01 3.226-01 2.16E-01 2.656*02
11 5.456+00 3.476+00 1.736*00 1266*00 7.616-01 6.006*01 1096-01 131E-01 4.616*02 2.346-02
12 1 46E+02 « 4JP£_*0Q_ 6,176-01 1.766+01 < 1.396+01 5.996*00 2.96E*00 2 046*00 2.51 E *00 2666+00 3.006-01 1276-01 1016-01 1346-02 6.196-03

?®96 lo t* 6446*02 < 1.996+01 « 3.706*00 «  5.666*01 < 4.50E*01 7*296+01 4.656*01 2.47E*01 2.936*01 1.516+01 6.666*00 6.206*00 4.406*00 6.266-01 1.69E-01
1997 * 1 6 666*00 4.276+00 263E+00 1.306*00 1.616*00 1.636*00 1066-01 3.346-01 1346-02 1.076-02

2 5,506+00 3.676*00 2276+00 6.666*01 2.606*00 6.56E*00 4.426-01 1626-01 2036-02 1.076-02
3 5.566+01 < &47E*00 1.006*00 i  576+01 < 1.416*01 6.61 E+00 3.476*00 1.906+00 1.366*00 5.766-01 1616-01 1446-01 1466-01 1.096-02 1.H6-02
4 6.646*00 4.306*00 1.736*00 &606-01 7.776-01 1.036*00 4996-01 1636-01 1.466-02 2796-02
5 5.966*00 2.396+00 1.376+00 1.746+00 1.396*00 6.236*01 5.436-01 1.626-01 1.026*02 6.67E-03
• V I  76*02 « 4.466*00 < 6666-01 1.136+01 < 0.166*00 4.966+00 1.156+00 1.67E+00 7.116-01 7.716-01 4 446-01 4656-01 266E-01 9.626*03 172E-03
7 7.366+00 4 42E+00 2156+00 24SE*00 7.50E-01 4.646-01 1026*01 2.536-01 2.466-02 1.356-02
6 5.606+00 1366*00 1.576*00 2176+00 1.31E*00 7.966-01 6.716-01 4.156-01 2006-02 1.20E-02
9 1.316+02 < 4.666+00 < 1.036*00 6.156*00 1656+00 5.69E*00 2.856+00 2.116*00 1.906*00 1.62E*00 1.246*00 1.346+00 3.946-01 2676-02 1.116-02
10 6.766*00 6.61E *00 1576*00 1.656*00 2.166+00 3.B66-01 1106-01 4.346-01 1.666-02 1.56E-02
11 1036+00 1186*00 1.626+00 6.606-01 6566*01 4.026*01 4676-01 3.666-01 4.046*03 3.606-03
12 1.246+02 < 3.706*00 < 6.536-01 7.316*00 € 1.07E+01 5.526*00 3,0®E+00 1.376*00 296E*00 7.266-01 3.616*01 4JJ*0 1 _ 4036-01 1.736*01 1.136-02

4.27E»02 2.44g*01 1.6?E»01 1,54E»Q1 T.4S6»00 4 2lE»P0 3.7ee«01

&23£»01

t.M £«02

1.546*07

3.00E*01

1.606*00 < 1.126^00

< 3. M E *00 V  TOE *00

< ft. BOG-01

< 1.096*00

< 3^fi£*00

< 3B3E»00

2*74C*00 < 1,01E*01

7.A1EMJO < 1,046+01

5. BSE *-00 < 1.00E*01

7.«€*OQ < a.40E»00

6.U£*00
5.72E*00
7.056*00
eor£*oo
6 34£*00 
C28£*00 
7.63E+00 Q.63E*Da 
c m e *oo 
S. M E *00 
6 53E*00 
,5 8 ^ * 0 0

4,KE*00 
4.««E*00 
3.27E+00 
&62E*00 
4. TOE *00 4 42E*00 
4.036*00 
3.116*00 
Z 146*00 
3.666*00 
3 356*00 
2 1**00

2.066*00 
1,966*00 
1.636*00 
2, ME *00 r 
1.946*00 2. ME *00 2.66E*00 
2.21 E *00 
1.B1E*00 
2.62£*00 
1.M£*00 
1.SSE*00

6,36E*00 
4. TOE *00 

1 4.29E*00 
5.61E*00 1.20E*00 
6.23E*00 
&46E*00 
2.366*00 
0.25E-01 
4 13E*00 
M*E+00 
1,218*00

0.20E*01 
4.77E-01 
3.36E*00 
2.026*00 
7.6B6-01 
6.016*01 
1.256 *01 
0.986-01 
1.146*00 
1.036*01 
6 236-01 
6.336-01

1.376*00 3.6764)1 
1.676*00 
3.366-01 
0.636-01 
1.346*00 
7.666*00 
1.696*00 
3.60E-01 
1.06£*01 
6.72£«01 1

6796-01 
2 656*01 
2.156*00 
3056-01 
4.92E«01 
3.62E«01 
1S6E*00 
1.79E*00 
6.37E-01 
4.766*00 
4.1SE41

2 64E01 
4.13E-01 
7.14E-01 
1656-01 
3.10E4)1 6.666*01 
4.906-01 
6.166*00 
4.466-01 
3.516-01 
7.796-01 

47&01.

1.606-01 
7.666-02 
4.636-CD 
4 656*0? 
1 10E-02 
4 60E-Q2 
2.69E-02 
6 07E-03 
9.95E-03 
1.1SE-02 
9.23E-03 
645E-03

2 306-02 
1.43E-02 
9.146-03 
1.456*02 
9 266-03 
1.356*02 
2.216*02 
9.006-03 
6.426<03 
2.666*03 
3.376*033 4**3

4P4e*02 < 1.2S£*01 < 4.796*00 2.39E*Ol * 3.69E*Q1 7,6QE*01 4 fllE * 0 l 2.S7E*Q1 4.696*01 3.406*01 2.766*0  ̂ 1.456*01 1.136*01 4 52E-01 1.336*01

2.336*01

1.006*02

1.36E*02

3.S1E*01

4.15E*00

6.33E-01

6.40E«C1

1.13E*00 

2.69E+00 

. 1.23E*00

6.$9C*00 

6.01 E*00 

&65£+00

< 9.616*00

< 1.63E+00

< 1.666*00
S.536-01 < 6r356^)1 6,876*00 < 1,7?€*00

766E«00
6.616*00
6.216*00
6.346*00
&61E*00
4.69E*00
e.fiOE+OO
6.34E*00
6.966*00
6.42£*00
6.356*00-SgS£*PQ

4626*00
4.066*00
&19E*00
6.276*00
6.636*00
3.016*00
3.616*00
3.036*00
2.696*00
6.206*00
4.776*00AgeÊoo

164E*00
1.52E*00
1.66E*00
1.656*00
2.146*00
1.256*00
1.62E*00
4.47E*00
1.72E+00
2*006+00
1.656+00ATOe*PO

1.646*00
1.47E*00
2.63E+00
3.A4E+00
3.736*00
1.736*00
1.166*00
7.106-01
1.43E+00
1.276*00
1.17E*00
3.20E+00

6.756*01
1.406*00
2.366*00
1.166*00
2.496*00
1.166*00
7.146-01
6.066*01
1.646*00
Z656+00
6.626*01
1.376*00

4.266-01 
2.73E-01 
2.636*01 
6.696-01 1.02E*00 
9.676-01 
4.366-01 
2.046-01 
3/2SE-01 
6,97E'01 
1.26E*00

cSX____________ 1.60E-________________________________
2.406*01 1.726*01 6 91^+00 6 93^*00 9.706*00 2 06E-01

3.90E-01 
649E-01 
3-616-01 
7.766*01 
1.166*00 
4.766-01 
4.136-01 
4 14E-01 
6.29E-01 
663E-01 
4.66E-01 .00̂-01

4.076-01
4.666-016.10E-01
7.66E-01
3.366-01&66&-01
7.676-01
3.936*00
5.636*01
6.466-01
2.93E-01
4206-01

3.366-03
1.696-02 
3.106*02 
3.57E-02 
2.136*02
6.696-03 
1.34E-02 
7.676-03 
t.426-02 
1.69E-03 
1.656-02006-P?

6.676*03 
9.376«03 
7.236-03 
6 106-03 
1.176-02 
6.346*03 
6.716-03 
7.606-03 
6606-03 
3.64E-03 
4.71E-03 100?̂2.96E*0g < 6.166*00 * 6.06E*00 2.636*01 < 1.496+01 7>966*Q  ̂ 5,23E*01 2.42E*0l ISZ

3.21 E*01 

6176*01 

. 4.606*01 

3.31E*01

6.376-01

7.106-01

3.996-01

7.626*00

1.146*01

3.626*00

3 60E*00 S.44E-01

5.256*00

7.296+00

6.116*00
1,446+01

1.906*00

1.166+00

1.656+00

7.026*00

6.056*00 5.186*00 
5.696*00 3.976*00 
6.136*00 X19E*00 
6666*00 3.20E*00 
6.546*00 3.046+00 
5.656*00 4.20E*00 
6.636*00 3.196*00 
6.136*00 4 696*00 
7.966*00 4.19E*00 
7.326*00 2.956*00 
5.606*00 2.606*00 
7.816*00 4 23E*00

1.65E*00 
1.666+00 
1.246+00 
4.36E+00 
1.656+00 
2.426*00 
1.526*00 
1.966*00 
1.766*00 
1.696*00 
1.426*00 
1.366*00

6.616*00
3.706*00
3.14E+00
2.966+00
4.106+00
7.066+00
1.006+01
2.226*00
2.496*00
9.616-01
1.956+00
1.666+00

6.756-01 
2.256*00 
4256-01 
1.536*00 
1.726*00 
1.246*00 
1.766*00 
9 27E-01 
1.376*00 
6.736*01 
6.96E-01 
1 S06»00

6.296-01 
2.966-01 
6*606-01 
3.026-01 
S.09E-01 
fl-126-01 
6.606-01 
1.476+00 
1.316+00 
2.736-01 
1.056*00 
4976-01

3.696-01
6756*01
2.626-01
4.336-01
2.406*01
6396-01
2636-01
1.206*00
1.496*00
2966-01
1.066*00
1.016*00

4.636-01
4.77E-01
1.33E-01
4.46E-0I
4.676-01 
4. TOE-01 
3.536-01
4.676-01 
4.356-01 
3.796*01 
2.756-01 
6,036-01

4.606-02 3.306*02
2.906-02 1.706-02
1006-03 1.406-02
1.706-02 1.106-02
3.306-02 1.606*02
7.606*02 2506-02
1.706-02 2.306-02
1.00E-02 1006*03
1506*02 1006-03
7.006-03 7.006-03
1.606-02 6.006-03
9.006*03 6.006*03

7000 1.936*02 5,556*00 2.336*01 • 3.506+01 1,176*01 7.63^*01 4.506*01 2.31E*Q1 &.00E*Q1 1.506*01 8 TOE*00 7,77^+00 4.93E+0Q 3056-01 1-71^-pi

2.026*01

6.776+01

6.74E-01

6.206+00

6.366-01

1.616+00

4.046+00

4.016+00

1.776*00

1.066*01

6.926*00
7.576*00
6.596*00
6.236+00
7.676*00
6.906*00
7.046+00
4.126+01
6.726*00

4.146*00 
4 616*00 
6.726*00 
5.116*00 
4.766*00 
4.606+00 
4656+00 
•1.066*01 
6.99E*00

1.766*00
2116*00
2.956*00
6.196*00
1.656+00
1.756*00
2.116*00
3.336+00
2.54E+00

1.136*03 
6.366*02 
3.126+02 
6.10E*Q2 
1.186*03 
1.116*0) 
1.19E+03 
1.646*03 
1.356*03

1.526+00
2346+00
2676+00
3.076+00
1.16E+01
259E*00
3.666+00
7.166+00
9.906+00

7.166-01 
6.63E-01 
6 696-01 
1.016+00 
9.636-01 
1.266*00 
9.616-01 
3.946-01 
6.246-01

3.366-01
1.336+00
1.206*00
3.57E-01
7.206-01
1.296*00
1.356*00
1.726+00
1.096*00

1076-01 
9116-01 
9336-01 
1.026+00 
6.966*01 
7.696-01 
6.37E-01 
1.106*00 
1536-01

3.076-01
9.11E-01
9.33E-01
1.026+00
5.966-01
7.696-01
6.376-01
1.106*00
5.536-01

1.796-02 
113E*02 
2.206*02 
2.566-02 
6.116*02 
2.296-02
2.796-02 
4.616-02 
1.476-01

1.006-02 
1.4S6-02 
9.796-03 
9.246*03 
2.396-02 
4 296-03 
1.936-02 
1.166-02 
2.006-02

2001 6.796*01 9.076*00 _2.446+00 6.056*00 1 256*01 _9 706*Ol 6 266*01 2.466*01 9.566*03 451E*01 7.66E*00 9.396*00 6-62^+00 6,62E*00 4,226-01 t.23^-01

fiar SOS. F -3 S, Za M

Hor>.**BAotyUt*Mi d*c*M v dMm lor 19M lo 2001 oa 1CW«^2>. n  m  to 6 A »*
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T jb it  13; Laundry and lagoon : historic discharge* of radionuclides not sp«cifitd In th« authorisation IJanuary 1994- 5*pt»mb«r 2001)

Y « »r Month Np-237 Cro-242 Cnv-243 * 244
G B q GBq GBa

ISM 1 1.12E-02 2.52E-05 5.956-05

2 7.15E-C3 2 486-05 2.67E-05

3 8.7 BE-03 7.016-06 9.326-05

4 8.B5E-03 5 656-05 1.016-04

' 5 9.35E-03 6.54 E-OS 1.656-04

6 9.17E-03 6.236-05 1.046-04

1 1.706-02 1.15E-04 7.006-05

6 1.51E-03 1.276-04 1.046-04

9 6.26E-03 64  IE-05 2.72E-04

10 4.13E-03 3.396-04 237E-04

11 1.046-03 S.096-05 1.21E-04

12 N/R 4.37E-OS 0.716-05

1994 Total 8 51E-C2 1.076-03 1.466-03

1995 I 5.43E-03 5.186-05 7.57E-05

z n /r 6 22E-OS 7.766-05

3 1.506-02 1-546-04 7,426-05

4 1.866-02 5.496-45 9.066-05

& 7.746-02 8.20C-05 1,01 E-05

0 V 54 E-02 9.496-05 3 556-04

7 3.07E-02 0 006*00 6.406-04

S 1.05E-02 6.00E-05 0 006*00

9 0.106-04 8 036-05 0 036-05

10 3.14E-03 4.206-04 1.316-04 •

11 1.17E-Q2 1.056-04 3.45E-04

12 B22E-03 8 41E-0S 1.676-04

1999 Total 2.00E-01 1.266-03 2.066-03

1906 1 t 296-02 7.386-05 4.54 E-05

2 1.13E-02 8236-05 7.766-05

3 2.77E-03 0 976-05 1.716-04

4 2.06E-03 3356-05 2 896-05

5 2.1 IE-43 5.13E-05 6 166-05
0 6.396-03 2.736-05 - 3.666-05
7 2.026-03 5.336-05 733E-05

6 2.64E-03 1.07E-04 2.936-04

9 2.91E-03 5,776-05 2.406-04

10 1.106-02 3.77E-04- 4.67E-04

11 8 34  E-03 2.06E-04 1.666-04

12 2S4E-04 3.106-04 2.626-04

1999 Total 6 49E-02 1.556-03 1.93 E-03

1997 1 7.06E-04 1.77E-04 7.616-05

2 2.34E-01 4.646-03 2.356-02

3 3.146-03 1.47E-04 4.07E-04

4 1.93E-03 VS3E-04 6.336-04

S 1.366-03 1.56E-04 4.296-04

6 2.486-03 2.926-04 1.066-03

7 8 636-03 1.426-03 7.75E-03

B 1.226-03 5 856-04 3,086-03
g B.S3E-04 0.33E-O4 9.67 E-04

to 7.87E-04 5.566-04 1.996-03
i i 8.406-04 4 63E-04 2.2 IE-03

12 4 156-04 4 7 96-04 1.166-03

1997 Total 2 556-01 9.906-03 4 336-02

IB M i 2.7BE-04 3.21 E-04 4.636-04

2 2.506-04 t.aae-03 9.15E-04

3 8 286-04 2.166-04 7.466-04

4 4.35 E-04 2.136-04 3.07E-04

S 3.966-04 1326-04 8 026-04

e 1.19E-03 1.99E-04 4 336-04

7 5 826-04 3.14E-04 1.256-03

8 1.97E-04 2.07E-04 5.336-04

9 6 01 E-04 1.696-04 6.21E-04
10 5.016-04 2.416-04 6.14E-04

It 3.57E-04 5.1 IE-04 1.256-03

12 4.476-04 2 126-04 7.396-04

1990 Total 6 076-03 4 846-03 B.67E-03

1999 1 1.31E-03 5.466-04 4 22E-04

2 1.016-03 1,496-04 3 186-04

3 3.72E-04 4 456-04 5.286-04

4 5.77E-04 N/R 5.3 7 E-04

s 2.436-04 1.086-04 4.016-04

0 5.166-04 2.386-04 6.4 IE-04

7 4 686-04 3.41 E-04 7.72E-04
8 . 5.436-04 1.956-05 4.766-04

9 1.156-03 2.006-04 4.07E-04

10 7.796-04 2,106-05 6.406-04

11 4.066-04 1.566-04 3.206-04

12 N/R N/R- N/R

1999 Total 7.376-03 2.31E-03 5 486-03

2000 1 0.006*00 1.716-05 0.006*00

2 3.006-03 3.816-04 O.OOE+OO

3 1.006-03 1.88E-04 O.OOE+OO

• 4 1.006-03 2.086-04 1.006-03

5 1.006-03 1.596-04 0.006*00

e . 0.006*00 1.256-04 0.006*00

7 0006*00 2.72E-04 0 006*00

n 0 006*00 1.976-05 .0.006*00

‘ B 0 006*00 2,486-05 0.006*00

10 0 006+00 1,456-04 0.006*00

11 oooe+oo 2.62E-04 0.006*00

12 O.OOE+OO I.24E-04 0.006*00
6 006-03

1 4.56E-04 2.016-04 1.996-04

2 2.46E-04 2.256-05 3.666-04

3 3,996-04 1,316-05 2.306-05

4 3,446-04 1.22E-04 1.226-04

5 6.24E-OS 1.546-04 1356-04

6 2.566-04 1.926-04 1.926-04

7 8.106-05 1.44E-OS 1.74E-04

S 4.73E-04 0 006*00 2.66E-04

9
10 
11 
12

3.046-04 1.966-05 2.366-04

?eSE-Q3 7.396-04

fiffl •  oo retitnt
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T«M« 14; THORP Rtctlpt 6 Slorao* : hl»l»ric d iichtroti of ndionuelidfi not ap«cinttf fn th* authorisation IJmuary 1194- SopMmbtr 20011

V w Month 5-35 Mo-54 Fo-55 Ni-63 Z r v U S l - t l Ru-103 Aa-110in S b -«S Pcn-147 Eu-152 El*-154 6iM 5S N u -u r Cm-242 Cm-743 * 344
GBa GBa G Bq G©q GBa GBa CBa OBq GBq OBa CSo G B q GBa GBa GBa GBa

1994 1 S 5 0 E «t 6.806-01 5.14E.01 3.0OE-O2 1.386-01 6.466-02 1.7BE-01 3 7 5 E « 4.14E-03 3 49E-4X
2 B.OOE41 5.70E-01 4.B0E-01 2 .87 E ^2 8.17E-02 7.49E-02 2.986-02 9.23E-02 5.Q3E-04 6.226-04

• 3 < 1006+00 < 1.366*00 1.366+00 1.356+02 < 3.11E.OO I.OOE.OO 4206-01 e .s s e ^ i 3.06 E -02 164E-01 5.66E-02 7.926-02 1.406-01 2.06E-04 3 016-0*
4 1,3BE»00 7.406-01 1.TOE *00 5.34E-02 3.95E-01 1.31 E-01 1.416-01 1.236-01 2.166-M 9506-05
5 1.31E»00 5.B06-01 5.23E-01 1.46E-01 201 E-01 8.55E-02 1.13E-01 8.696-02 2.57E-04 1 206-0*
6 < 1.266+00 < 9.046-01 7.74 E-01 9526*01 < 2.57E.00 4.30E41 <506-01 4.606^)1 3 36E-C2 1.15E^>1 2.32E-02 2.066-02 2.926-02 6.24E-04 S.64E-0*
7 4M E -01 2.90E-01 2 30E-01 1.04E-02 8 306-02 567E-02 1.646-02 2.656-02 4.9BE-04 1.36E-04
0 4.00E-01 4.306-01 3.776-01 544E -02 B.63E-02 1.Z2E-01 3 6S6-02 3.31E-02 5 54E-04 3 13E-04
9 * 5 646-01 3.226*01 3.77E-01 5.51E+01 < 1.4ZE»00 J.80E-0t 3.20E-01 224E-Q1 7.446-02 2.96E-01 1.166-01 4.356-03 1.8IE-03 6 87E-05 2.26E-04
10 6.10E-01 4.306-01 3 686-01 3.706-02 1.30E-01 6.786^2 4.776-02 9196-02 4.176-04 3.72E-04
11 3S0EJI1 2.506-01 2.1S6-01 5.656-02 5.54 E-02 3 656-02 351E-02 4 54E-02 1,856-04 3.17E-04
12 521E+00 < 6.69E-01 3 64E-01 5 656+01 < 1.S2E.OO 5.706-01 3 606-01 320E-01 2 51E-02 5.21 E-02 5.966-02 2.54E-02 2.57E-02 1286-03 112E-03

1994 Total < 8.04 E +00 < 3 26E*00 2 906+00 3 426+02 < 8.S7E.00 809E.Q0 S U E * 00 6.16E.OO 6 056-01 1.76E*00 6 9GE-01 7.66E-01 7.51E-01 8 996-03 4536-03
1995 1 1. JOE *00 1.17E»00 2 21E.OO 9.796-02 2.07E-01 6.566-02 8 62E-02 7.71E-C2 1.75E-03 3.126-03

2 1.77E«00 1.526*00 3026.00 1.726-01 2.61 E-01 2.396-01 1.066-01 1 47E-01 9.66E-03 6096-03
3 * 1.766+00 < 3.126*00 9 266-01 1.166*02 < a .W E .a o V50E.00 *106-01 1.61E.00 1.91 E-01 7.66E-01 1.966-01 1.696-01 1.316-01 6 296-04 1426-03
4 1.W E»00 2 06E»00 387E .00 1.166-01 4.95E-01 8 52E02 7.006-02 1.196-01 1.436-03 1.026-03
6 1.508*00 1.006.00 9.03E-01 5 536*00 3 506-01 2.316-01 2906-01 B.19E-02 1406-01 6 336-03
6 -  1.666+00 322E+00 2.426-01 9.00E+01 < 8.71E.00 . 1.7#E»00 1.296 .00 1.976.00 3.33E-01 4.99E-01 163E -00 3686-01 4 006-02 3 43E-03 2.64E-03
7 1.406.00 1.77E *00 3 0fl6*00 1.22E^>1 1 31E-01 2.056-01 B57E-02 5 766-02 7 52E-04 6 74E-04
6 1.27E-00 2 0 IE .Q 0 4.Q2E.OO 1.066-01 1.47E-01 6.006-02 9.44E-02 9Z4E-02 7226-04 7 506-04
9 < 1.566+00 < 9.456+00 < 3.616-01 7 306+01 < V «4E»01 1.38E.00 2.126.00 4 1 BE *00 6.246-02 8.74E-02 1.606-02 5 726-02 6.556-02 4 976-03 5.31E-03

10 1 036*00 2.7iE«oa 5.126 *00 9.166-02 3.12E-01 4,696-02 B.22E-02 6 33E-02 5 706-03 6 766-03
11 B. 106-01 1.036*00 2 26E«00 7.566-02 2.05E-01 1.01 E-01 5 37E-Q2 7.03E-02 4506-03 4 04E-03

«  6.91E-01 < 4 306*00 «  1 66E-01 4,51E*01 < 1-11E.0T 2.90E-01 3 70E^)1 7.106-01 2.16E-02 5 09E-02 8.996-02 2166-02 1 62E-02 6 726-04 9256-04
1995 To l«i < 6.096+00 < 2.016*01 < 1.706+00 3 266+02 < ♦ O IE 'K )! 1.B1£*01 1.006*01 3 306*01 «.926  *00 3.53E*00 3.15E.OO 1 516*00 963E-01 1.756-01 4.336-02
1996 1 .S «* 0 0 1.09E*00 3.24E.00 1.046-01 I.07E-01 2.1364)1 1.606-01 6.126-02 4.706-03 569643

2 fi.006-01 8.506-01 1.496*00 6.196-02 V47E-01 4 356-02 6 286-02 6.256-02 2.026-03 2 566-03
3 < 1.476+00 < 3.676+00 472E-01 7.656*01 < »  27E»OQ 1.22E.00 1.376*00 1.036*00 7 28E-02 3.37E-01 1.356-01 B.66E-Q2 4 66E-02 5 196-03 6286-03
4 1.32E.OO M  06-01 V22E*00 6.426-02 1.ME-01 1.406-01 8.406-02 6.016-02 2.536-03 2.16E-03
5 1.5SE.OO • 306-01 1.296*00 1.046-01 1.656-01 9.136-02 1.156-01 5.126-02 6 676-03 6 706-03
6 «  1.626*00 1.306*00 < 2.656-01 6 736*01 < B .M E .0 0 1.27E.OO 7.006-01 1.976*00 8 456-02 9.20E-Q2 1.066-01 6.61 E-02 6.ME-02 1.22E-03 1.656-03
7 1.33E.00 7.00E-01 B 4 «E 4 1 5.656-02 6.40E-02 7.516-02 S74E-02 1.066-01 1306-02 1856-02
6 1.106.00 7.006-01 9956-01 6.206-02 1.886-01 2.676-01 7.21E-02 5 766-02 1.026-02 2.436-03
9 «  1.476+00 < 2.6I E *00 - 6 516-02 4.946*01 < S.07E.00 B 106-01 5.306-01 #036-01 7 50E-02 1.296-01 T.05E-02 64SE-02 7.586-02 2.666-03 3.716-03

10 • 1.17E+00 ■ 006-01 1036*00 6.226-02 3.62E-01 1.766-01 601E-C9 6.406-02 «  066-04 1.956-03
11 1,18£»00 7.00E-01 B.02E-01 6.506-02 1.64E-01 4,606-01 B. 01 E-02 6.446-02 1.62E-03 2.25E-03
12 *c 1.54E+00 «..1,*1£+C0 1,036-01 507E+01 < 3 80F»00 1.16E*00 B. 906-01 7.2*6-01 4 626-02 1.59E-01 9 72E-02 a. 156-01 5.92E-02 1.67E-C3 1.406-03

1996 Toltf <6.306*00 < 6.676+00 < 1.036*00 2 .4 6 E » « « 2 5SE.01 1 «E * 0 1 1.11E+01 1.596*01 8.626-01 2.036*00 1 686*00 1.076*00 6.076-01 5.47E-Q2 5 556-02

1.306*00

< 1.526*00 

* 1.706* DO

< 1.30^+00

'<  2.556+€0

< 6.466+00

< 1.116*01 

< 3016*00

• 1.356-01 6.696+01

1.566-01

2.466-01

1.406-01

6.746+01

1.066*02

1.06^*02

1.066+00 1.038*00 6556-01 
« 6.236+00 1,406*00 6.006-01 7.326*01 

1.126*00 V 156+00 1.766+00 
1.JOE+00 1.166+00 2>37E*00

< 1.566*01 9,406-01 1.566+00 3696*00
9.306*01 1.626+00 4.176+00 
1.936+-00 3.466+00 7.41 E *00

< 2 .M +01 1.136*00 1,51 E+OO 3.06E+00
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< 7,6oe*oo 64oe-oi i.i6£*oo i.466*oo
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6.636-02
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0.966-02 
3 046-02 
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5.646*01 
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i.3ee-oi 
7.466-01 
2.56E-01 
6 55E-01 
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1.006+00 12&21
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4.036-01
7.696-02
1.06E-01
9.676*02
5.056*02
3.456-01
3.176-01
1,276-01
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7.666-02

.736-0^

1.966-01
1.ME-C1
1.266*01
£ * * -0 1
1.106*1
9.266*02
2.16E-C1
1.446*01
1.646*01
2.166'CI
6.206-02

2 2 5 S ,

5.736*02 
6 32E-02 
6.606-02 
9 226-02
5 396-02 
5.646-02 
3.756*02 
1.646*01 
7.436*02
6 636-02 
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27E-C2

4 666-03 
3.696*03 
1.516*03 
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V606-03 
2.056-03 
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1.93E-03 
1.336-03 
9326-04
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4.276-03
1.526-03
4.006-03
2.226-03
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2.366-03
2.266-03
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3.036-Q3

04£J
S.91E+00 3.466+02 5.626*01 1.396*01 1.696+01 3.QBE *01 1.026+00 4,716*00 3,126+00 1 626*00 6 666-01 2 446-02 3 44E-Q2

7 906-01 

1.006+00

< 1.766*00

< 1286+00

< 1.656+01

< 6906+00

6.426-02 

2.136*01 

: 2.066-01

3.916+01

1.106+02

4.466+00 

6.216+00 

1396*02 < 3.506*01 
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6.206-01 
1.426+00 
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2.626*00 
2.426*00 
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2,006-02 
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6.506*01
6.906-01
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1.466*00
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6.306-0}
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.716-02 
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62S£*01 < 1.706*00
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2.166*00 
2.236*00 
1.67E+00 
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1.006-01

1.376-01 
2.27E-02 
2 656-01 
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6.026*02 
4 066-02 

606-01
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1.196-01
1.366-01
2.266-01
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6 226-42 
1.066-01 
1,146-01 
6.676*02 
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1.036-01 
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6.536-02 

.206-01
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1.306*04 
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1.396-01 
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1.006*03 
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1.156-03 
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BNFL

Dr MR Emptage 
Environment Agency 
Ghyll Mount 
GillanWay
Penrith 40 Business Park 
PENRITH
Cumbria CA119BP 

Dear Dr Emptage,

PROVISION OF INFORMATION RELATING TO AERIAL 
MAGNOX REPROCESSING PLANT, FHP AND SIXEP, 
BUSINESS REQUIREMENT FIGURES

British N u c le a r  Fuels pic

Sellafield
Seascale
Cumbria CA20 IPG 
Tel: 019467 28333 
Fax: 019467 28987 
Telex: 64237

Direct tel: 019467 74600 
Direct fax: 019467 74797

Your ref:
Our ref: EA/01/2532/03, 
DDST/02/0153

30 January 2002

DISCHARGES FROM THE 
IN SUPPORT OF BNFL'S

The following information is provided following a meeting between BNFL and Agency on 28 
November 2001. At the meeting, potential discharges from B204, FHP and SIXEP stacks were 
discussed. BNFL requested that Agency reconsider the proposals in their Explanatory Document 
with respect to potential discharges from the Magnox reprocessing plant, since BNFL believe that 
the limits proposed are insufficient and will therefore restrict operations in the plant. BNFL were 
also concerned that the proposed aerial limits for FHP and SIXEP were too low, in light o f the 
most recent discharges information. BNFL therefore agreed to provide Agency with an update on 
activities and knowledge relating to potential discharges from FHP and SIXEP.

Magnox Reprocessing
The limit proposed by Agency, for C-14 discharges from B204 stack, is less than the maximum 
predicted discharges provided in the Part A report. It also fails to allow for any of the uncertainties 
and margins detailed in letter EA/01/2532/01.

The maximum predicted discharge, quoted in the Part A report, was based upon historic data for 
B204 stack with a statistical allowance for process and sampling variability. Future discharge 
projections assumed that discharges would be reduced once the B 212/215 diversion to the new 
caustic scrubber was implemented. To accommodate this the flowsheet discharge from B 212/215 
was subtracted from the total B204 discharge.

The Agency figure appears to be based upon an analysis of historical discharge data from the B6 
vessel vent rather than data for B204 stack. This approach is only valid provided that none of the 
other plants served by B204 discharge C-14.

BNFL carried out some qualitative sampling in support of the B 212/215 diversion project which 
supports the belief that the only significant discharges of C-14 from B204 originate from 
B212/215 and the B6 vessel vent. However, the diversion has only been carried out recently and 
there is very limited.data available on its effect on total B204 discharges. BNFL therefore
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considers it inappropriate to significantly reduce headroom without basing such a decision on an ■  
adequate data set. I

i
In addition to the above concerns about the annual limit, BNFL believes that the operational 
restrictions will be exacerbated by the introduction of throughput-related limits for C-14 
discharges from B204 stack. The failure to take sufficient account of all potential sources of C-14 
to B204 stack, along with a failure to allow sufficient margins, combined with the Agency's I
method for calculating throughput-related limits and the added pressure of rolling limits, means *  
that BNFL believes that operational flexibility could be several restricted. Figures 1 and 2 are 
attached, which demonstrate BNFL's concerns in graphical form. I

BNFL has similar concerns about Agency’s proposals for other throughput-related limits at B204 — 
stack. As for C-14, Agency does not seem to have taken sufficient account of necessary margins I  
and uncertainties in the limit-setting process. In particular, it is known that variations in discharges 
are caused by routine plant operation including dissolver rundown and solvent separation plant g  
washout. Such variations become more pronounced at lower discharge levels, and therefore I  
become more important in the context of throughput-related limits (particularly for C-14 and H-3). 
Figures 3, 4, 5 and 6 are attached, which demonstrate BNFL's concerns in graphical form. g

In the meeting on 28 November 2001, BNFL staff also explained their concerns about several 
other limits proposed for discharges from B204 stack and B6 cell vent. One such example is the a  
proposed limit for 1-129 at B204 stack; Figure 7 is attached to help demonstrate BNFL's concernsJ 
BNFL believe that a thorough review of the historic data, combined with prudent allowance for 
justified margins, should result in increases to several of the proposed limits relating to these 
discharge points.

BNFL have already provided Agency with a large amount of historic information on discharges 
from B204 stack and B6 cell vent, and are in the process of providing the most up-to-date data 
(letter reference EA/01/2885/01 covers data from January 1994 to September 2001). It is hoped 
that as a result of further study of this information, Agency will revise the proposed discharge 
limits appropriately, to ensure that BNFL's operations are not unnecessarily restricted.

i

i

i

iFuel Handling Plant (FHP)
Pond water activity in FHP is greater than levels in recent years, as a result of the amount of fuel 
currently being stored and the type of fuel being stored in the ponds (some fuel releases greater ■ 
than average amounts of activity). Consolidation of pond "furniture" has been taking place to m fte 
more space available in FHP, and this, along with decanning of the higher-release fuel, have led to 
increases in pond water activity. |

When the original discharge predictions were provided to Agency in February 2000, it was not 
expected that pond water activity levels would follow the current trend, hence in light of the mcBt 
current information, it is clear that the predictions were underestimates. Significant projects areP 
now taking place to reverse this trend, but it is expected that there will be a long lead-time before 
major improvements will be noticed. It is possible that, in the short term, these projects will l e d  t  
increased discharges from the plant. This work is essential, however, in order to minimise the "  
possibility of long term adverse consequences relating to the conditions within FHP. In the lone 
term, aerial discharges from the plant will be reduced, and, in addition, doses to plant personnJ 
will also be reduced.

i

I
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The increase in pond water activity in FHP has resulted in aerial discharges of certain nuclides 
increasing. For instance, the trend for Cs-137 discharges has been a continuous steady rise from 
levels of l.OE+OlMBq in 1994 to 6.0E+01MBq currently, a six-fold increase in as many years. 
Assuming that the current trend is maintained in the short term, there is clearly a risk that the 
Agency's proposed limit could be breached. This is demonstrated in graphical form in Figure 8, 
which includes BNFL's "Business Requirement" figure, which BNFL has suggested as the level at 
which a limit would not restrict BNFL's operations.

A similar situation exists for Total beta discharges from FHP stack in that, like Cs-137, discharges 
have shown a significant upward trend over recent years. This pattern is not as clear as for Cs-137, 
because less data is available, due to a change in the analysis method for Total beta in 1996 which 
led to a significant reduction in measured discharges. Cs-137 is however a significant contributor 
to the Total beta measurements at FHP and if Cs-137 discharges continue .to rise, it can expected 
that Total beta measurements will rise correspondingly.

BNFL also believes that Agency’s proposal for a site limit for aerial Sb-125 discharges does not 
take sufficient account of potential discharges from FHP. It is known that discharges of Sb-125 
from FHP are throughput related, averaging 6.0E-01MBq/teU. Thus a throughput of 1200teU/yr 
indicates a discharge of 7.2E+02MBq. However, throughput is not constant and taking account of 
years where shutdowns are planned the highest throughput could be as high as 1600teU in a 12 
month period. This equates to a discharge of 9.6E+02MBq, not allowing for the necessary margins 
described in letter EA/01/2532/01. Taking this into account, it is clear that Agency's proposed 
limits do not allow sufficient headroom for FHP or site. Figure 9 is appended to help demonstrate 
this in graphical from.

It is hoped that this information, along with the most recent discharge data, such as that supplied in 
letter EA/01/2885/01, will allow Agency to carry out a further assessment of the likely future 
discharges and any necessary limit requirements. It is important that any limits which are set allow 
operational flexibility, since options for reducing aerial discharges.are effectively limited to 
reducing the building ventilation, which is not consistent with the safety of plant personnel and 
would result in unacceptable contamination of the plant itself.

Site Ion Exchange Plant (SIXEP)
BNFL believes that the Agency's proposed limit for aerial discharges of Cs-137 from SIXEP stack 
is insufficient to allow effective running of the plant. The ongoing increases in Cs-137 discharges 
from FHP to SIXEP has resulted in a step change (doubling) in SIXEP Cs-137 aerial discharges. 
This level of discharges will continue and is likely to rise as a result of the FHP pond clean-up 
activities. In fact, the proportion of the total activity in the feed to SIXEP originating from the FHP 
pond purge has significantly increased (BNFL have started a programme of restoring the ullage in 
all of the Magnox storage containers, which will significantly improve the condition of the FHP 
storage ponds, but will result in a corresponding increase in the amount of activity forwarded to 
SIXEP). Also, the ratio of Cs-134 to Cs-137 in the liquor feed to SIXEP and in the FHP pond 
purge has significantly changed, indicating that either the average bum-up o f the stored Magnox 
fuel has increased or that the activity release into the pond is associated with much shorter-cooled 
fuel. Average bum-ups have not increased greatly, thus activity release from shorter-cooled fuel 
has been identified as the most significant cause, which is indicative of the current problems in 
FHP pond storage, with increased quantities of higher-release, shorter-cooled fuel combined with 
loss of container ullages.
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In addition, the proposed limit should take into account the future increases in liquid effluent 
streams to SIXEP or the effects of the SIXEP Export Facility. The flowsheet figures for these 
streams recognise an almost five-fold increase in the Beta isotope discharges to SIXEP. The BNFL 
Business Requirement figures make a pro-rata allowance for this in terms of aerial discharges of 
Total beta, caesium and strontium, on the basis that soluble beta activity is likely to be released to 
aerial effluent streams proportionately to the total quantity of activity present in the liquor streams. 
Thus BNFL believes that the Agency's proposed limits do not currently make sufficient allowance 
for future SIXEP operations. It is hoped that this explanation, along with the recent discharge data 
provided in EA/01/2885/01, will assist the Agency in carrying out a review of the data and allow a 
updated understanding of the probable future discharges from SIXEP to be reached.

Yours sincerely

RG Morley
Manager, Discharges & Disposals Strategy Team 
Site Environment, Health, Safety and Quality

Copied to: Regulatory Liaison Office, B 113
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Figure 1: B204 Stack Monthly C14 Discharge
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MBq/week
Figure 2: B204C14 THROUGHPUT RELATIONSHIP (May’01 to Oct'OI)
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Figure 3: B204 Stack Monthly H3 Discharge
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MBq Figure 5: B204 Stack Monthly Kr85 discharge
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Figure 6: B204 Kr85 THROUGHPUT RELATIONSHIP (Sep’99 to Aug’01)
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Figure 7: B2041129 Monthly Discharges (MBq)
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Figure 8: FHP Stack Rolling 12 Month Cs-137 Discharges
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Figure 9: Sb-125 Discharge Comparison to Throughput at FHP - Rolling 12 Month
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SUMM ARY:

RM Consultants Ltd have been requested by the Environment Agency to carry out a technical 

feasibility study of the cryogenic separation of xenon from reprocessing plant off-gas. In particular, 

the study has investigated the feasibility of re-routing of product streams from a cryogenic plant in 

such a way as to separate and recover xenon as a by-product, in parallel with krypton-85 abatement. 
A review of UK and international developments in the field of cryogenic and gas separation 
technology has been undertaken, and in addition a literature review of the range of industrial 

applications for xenon and the extent of commercial markets available worldwide has been carried 

out.

This study has shown that the quantity of xenon which could be recovered from THORP off-gas 
represents a significant proportion of the estimated current world production. It has also concluded 
that cryogenic separation of xenon from reprocessing plant off gas is technically possible as part of a 
Kr-85 abatement process, and appears to be commercially feasible. The results of the market survey 
have indicated that there is an expanding market for xenon, with growth driven by research in high 

technology industries.

FORM RM 1 IB
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1.0 INTRODUCTION

Krypton-85 (Kr-85) is noble gas fission product which is released from irradiated fuel 

during fuel shearing and dissolution in THORP. It is a beta emitting radionuclide with a 

half-life of 10.7 years, which dominates the activity of aerial discharges from THORP in 

terms of Bq numbers, although its concentration is only a few parts per million (ppm). As a 

noble gas it is chemically unreactive. Therefore it is very difficult to remove from the 

gaseous effluent, and is not abated by the chemical scrubbing and filtration processes 

applied to the dissolver off-gas from THORP.

Under the existing Sellafield aerial discharge authorisation [Ref. 1], BNFL have been 
required to continually review Kr-85 abatement processes. These reviews have investigated 
a number of technologies for krypton retention and storage, including studies of 
commercially available processes ( cryogenic distillation, solid adsorption and liquid 
absorption) and funding research and development work on novel separation processes (e.g.
Zeolite membranes) [Ref. 2].

After reviewing the work over a period of years [Ref.3] BNFL have concluded that although 
certain technologies are theoretically feasible there is no justification for changing the 
THORP waste disposal practice for Kr-85, ie direct discharge to atmosphere via the THORP 
stack, and the current practice of dilution and dispersal would continue as the Best 
Practicable Environmental Option (BPEO) from a safety and environmental viewpoint.

Internationally, COGEMA also consider that the BPEO for Kr-85 is to dilute and disperse it 
from a high stack and JNFL do not plan to fit Kr-85 abatement to their Rokkasho Mura 

reprocessing plant.

The main factors taken into account in reaching this conclusion are:

• The considerable technical difficulties of removing a very dilute, inert radioactive 

gas;

• Dose assessments to the workforce and general public;
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Safety concerns regarding any proposed krypton retention process ;

• Safety concerns regarding storage of a large inventory of retained krypton-85;

• The environmental detriment incurred associated with indirect pollution and energy 

consumption necessitated by the construction of a large removal and retention I  

plant;

• The engineering cost estimates have been very high as a result of the safety and 
environmental considerations mentioned above. I

O f the numerous methods evaluated internationally cryogenic distillation has been identified I  
as the best process option (though there would be considerable difficulties in adapting the
process). The major advantage of cryogenic distillation is that the process is used ■  
industrially for separation of noble gases from liquid air, so that the design and operation of
conventional cryogenic distillation plants is well established. In conventional cryogenic ■
distillation plants both krypton and xenon are produced (krypton and xenon exist in air at ™
about 2 volume ppm. combined). Xenon is an extremely rare and expensive gas to produce. m

Use of cryogenic distillation on THORP off-gas to separate krypton will inevitably also 
separate xenon. The volume ratio of xenon to krypton is 10:1 ( i.e the inverse of the ratio in I  
air). In contrast with Kr-85, xenon fission products are short lived so that the xenon released 
from fuel after 5 to 10 years out of reactor cooling is non-radioactive. ■

The technical option of separating xenon from krypton in a cryogenic krypton abatement I  
process has been recognised previously in several of the abatement processes proposed by 

the nuclear industry [Refs 4, 5], however in these cases the xenon is separated primarily as a I  
volume reduction measure. Separation of non-active xenon from Kr-85 retained by 

cryodistillation is worthwhile simply to achieve a tenfold reduction in storage volume, I  

compared with the volume of a mixed Xe/Kr product. These proposed plants discharge the 
separated xenon to atmosphere with the reprocessing plant off-gas. ■

Therefore, use of a cryogenic process for Kr-85 abatement in THORP also presents an ■  

opportunity to separate off xenon for commercial/beneficial recycle. This has potential to
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significantly affect the process economics of cryogenic Kr-85 abatement. It does not address 

the other technical or safety aspects but xenon separation does not introduce any additional 

technical or safety issues to the Kr-85 abatement process.

2.0 SCOPE

The feasibility study addresses'the possibility of cryogenic separation/recovery of xenon gas 

as a product for beneficial/commercial recycle in conjunction with krypton-85 abatement in 
the off-gases from oxide fuel reprocessing.

The study includes:

1. Review of UK and international developments in the field of cryogenic and gas 

separation technology.

2. Review of the technical information (including the feasibility of re-routing of 
product streams from a cryogenic plant in such a way as to separate Xenon as a by
product in parallel with krypton-85 abatement.

3. Commercial evaluation: Literature review of the range of industrial applications for 
Xenon and extent of commercial markets available worldwide.

4. Economic evaluation: Assess the impact on the Environment Agency cost benefit 
assessment for Kr-85 abatement in THORP.

3.0 CRYOGENIC DISTILLATION OF KRYPTON & XENON

Cryogenic distillation is an established technique for separation of krypton and xenon from 

liquid air.

In basic terms the process involves the following steps:

• Pre-treatment.

• Adsorption of residual NOX) and other components using molecular sieves.
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Separation of xenon (Xe) and krypton from nitrogen (N2).

• Separation of Xe and Kr.

The process is shown schematically in Figure 1

Figure 1- Outline Process Flow Diagram

3.1. Composition of Off-gases

The majority of the fission product noble gases is released during nitric acid dissolution of 

the fuel, a small fraction from shearing. The off-gases from shearing and fuel dissolution are
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combined and mixed with an appropriate volume of air. Oxygen is required in order to 

oxidise NOx formed in the dissolution completely to NO2 in the fumeless dissolution 

process. The quantity and composition of the dissolver off-gas can vary greatly over time.

Assuming an average volumetric flow rate of 200m3/h (at STP) the estimated average 

concentrations of Kr & Xe in dissolver off-gas are given in Table 1.

Table 1 Concentration of Kr /Xe in Vol. ppm

Kr (ppm) Xe (ppm) Ratio (Kr/Xe)

Off-gas 108 1042 0.1043

Air 1.14 0.087 13:1

NB Reprocessing at 1400te/a LWR 35MWd/te 1150d cooled, the off-gas flow is 200m3/h 

[Ref. 4].

After removal of the main part of the NOx by scrubbing and'of aerosols by filters and 
iodine (and C l4) by abatement processes, the gas flow consists mainly of N2 and varying 
smaller proportions of Oxygen, NOx , water vapour, CO2, hydrocarbons, krypton and xenon.
The radioactivity of the rare gases originates almost exclusively from Kr-85 and the rest 
consists of inactive krypton and xenon isotopes.

3.2. Pre-treatment

The main disadvantage of cryogenic distillation for reprocessing off-gas treatment is the 

extensive pre-treatment required to avoid build up of water vapour, oxides of nitrogen 

CNOx), oxygen and ozone(Os) in the cryogenic process which could cause pipework and 

column blockages, contamination and explosion hazards( see 3.6 below).

The dissolver off-gas contains water vapour and is treated predominantly by wet scrubbing 

processes to remove NOX) CO2 and iodine in the existing plant prior to HEP A filtration and 

stack discharge. Water must be removed, down to ppm levels, prior to the cryogenic 

process therefore a drying stage is required.

FinalC opy2ofE A _X E feasstudv .doc P a g e S  F ebruary  2002

Sellafield R S A 9 3  Review 
Main Review Decision D ocu m ent 

Su pporting Information 
11



Typically, the pre-treatment involves conventional NOx and iodine scrubbing followed by 

HEPA filtration. O2 and NOx are then reduced at 800K using hydrogen and a precious metal 

catalyst (e.g. palladium). The off-gas is diluted prior to this stage to ensure that the O2 

concentration remains well below the lower explosive limit and the catalyst temperature is 

minimised. The reduction process conditions are hazardous and require accurate control of 

O2 concentrations to keep within the lower explosive limit. Reduction is followed by 

cooling, pressurisation and water removal through condensation. Further water removal by 

adsorption on molecular sieves and silica gel is required. The residual gases are passed 

through a further adsorbent bed (zeolite-based) to remove trace levels of CO2, NH3 and NOx, 

before the dry off-gas is cooled to 120°K and fed to the cryogenic separation stage.

3 .3 . Separation of Krypton & Xenon from Reprocessing Off-gas

Cryogenic separation makes use of the the difference in boiling points of the gases (see
• Table 2) in order to separate the fission product noble gases from the major components of 

air ( nitrogen and oxygen).

Table 2 Boiling points ( at 1 atm. Pressure)
Xenon 165.1 K -107.9 C

Krypton 120.85 K -152.15 C

Oxygen 90 K -183 C
Nitrogen 78 K -195 C

Given their boiling points, cryogenic trapping (at-160°C) will condense both noble fission 
product gases, krypton and xenon, separating them as a liquid mixture from the major 

components of the off-gas (principally nitrogen) which remains in the gas phase and is 
monitored and discharged.

3.4. Separation of Xenon from Krypton

Although delay storage of a Kr/Xe product is possible, as in the ANL plant (Section. 4 .3), 

Kr-Xe separation is desirable because it reduces the storage volume which would be
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required for Kr-85 as a Kr/Xe mixture by a factor of 10 and produces xenon as a 

commercially valuable product

Krypton is separated from xenon by low temperature fractional distillation in the second 

column, (Fig. 1) From the difference in vapour pressure curves (Fig 2) it can be seen that the 

separation of krypton and xenon by fractional distillation is actually easier than traditional 

air separation of oxygen and nitrogen. Under the conditions used for Kr/Xe separation, 

xenon sublimes. Only nitrogen or oxygen can be used for cooling the columns but at their 
vaporisation temperatures, blockage of the columns by xenon ice is the major potential 

problem.

Practically, the cryogenic separation uses two series-linked packed columns in the gas 
stream; the first column condenses krypton & xenon and separates them from the gases that 
make up the air, and the second column separates out krypton from xenon.

The inactive xenon separated from krypton may be released into the. atmosphere or be 
recovered for industrial use. Kr-85 abatement schemes proposed for the nuclear industry 
have ignored the possible commercial and economic benefits of xenon recovery and reuse, 
and simply propose to release xenon to atmosphere along with other reprocessing off-gas.
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Figure 2 Vapour Pressure -Temperature Curves for Kr, Xe, O2, N2

V a p o u r
P r e s s u r e

3.5. Krvpton-85 Storage

Delay storage of captured Kr-85 for 50-100 years, to allow radioactive decay prior to 
release, and retention of Rb-85 is one waste management option. Delay storage as a gas 
under pressure, or cryogenic storage as a liquid or solid, or sorbed onto charcoal are possible 
alternatives

It would probably be unacceptable to store Kr-85 for this period of time without 

immobilisation. A further difficulty is that Rb-85, the stable decay product o f Kr-85, is a 

chemically reactive alkali metal, which may corrode plant and equipment or the long term 
storage containers.

For these reasons the krypton would almost certainly need to be immobilised. The BNFL 

preferred option is incorporation in a metal matrix using an ion deposition technique.

F in a lC o p y 2 o fE A _ X E fe a ss tu d y .d o c  Page 8  February 2002 |

I
Sellafield R S A93 Review p  

Main Review Decision Docum ent 
Supporting Information ^

11 I



3.6. Hazards

There are two principal hazards with the cryodistillation process:

T

• Formation of ozone in the oxygen containing cryogenic mixtures by radiolysis due to 

Kr-85;

• Blocking of pipelines and columns by freezing out o f xenon. (Note: this hazard is 
exacerbated in comparison with conventional air separation plants because of the high 

Xe/ Kr ratio).

In the process developed by KfK (Section 4.2) these hazards were addressed by pre
treatment to remove oxygen by catalytic reduction with H2. It should be noted that some 
plants (e.g. ANL described in Section 4.3) operate fuel shearing and dissolution under an 
oxygen depleted inert gas blanket. Use of an inert (N2 or Argon) gas for ventilation is not an 
option for the THORP dissolvers. Oxygen is required  ̂for the fumeless dissolution (NOx is 
oxidised completely to NO2) however dilution of the oxygen in air to near the stoichiometric 
amount required, with an inert gas is a possible option.

The problem of solid blockages are avoided in the KfK process by operating the first 
column at a pressure of 5 to 6 bar to increase the solubility o f rare gases in liquid nitrogen.

Apart from the pre-treatment process, the other technical and safety difficulties with the 
cryodistillation process are:

• The dissolver off-gas flow is large and variable in both composition and volumetric 

throughput. It may be difficult to integrate this as feed to a cryogenic plant. The KfK 

process has been proven at flow rates of 100 m 3/hr. Scale-up to accommodate the full 
scale THORP throughput, 300 m 3/ hr, would be required.

• The relatively large inventory of Kr-85 both in the cryodistillation plant and in storage, 

which could be released in the event of plant failure or accident.
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4.0 CRYOGENIC SEPARATION REVIEW OF UK AND INTERNATIONAL

DEVELOPMENTS

UK and international developments pre-1996 in cryogenic separation of inert gases have 

been reviewed and reported comprehensively by BNFL and others [Refs 3, 6, 7]. It is not 

intended to repeat these reviews here except as a brief summaries in Sections 4.1 and 4.2. 

Two more recent plant and process developments are described in more detail in Sections 

4.2 and 4.3.

4.1. UK Experience

4.1.1. Krvpton-85 Recovery Process in B204, Sellafield

The first gas recovery plant (built for commercial and military reasons) produced low yields 
of Kr-85 by liquefaction and cryogenic distillation. It was abandoned after several months 
operation in the early 1950s because of technical difficulties:

1. high NOx content caused blockages of heat exchangers and cold traps;

2. gas leaks ( 90% of the Kr-85 was not recovered).

It was replaced by a small gas scrubbing plant and compressor, to pump effluent gases into a 
large ground level gas storage tank. The plant was not capable of continuous operation and 
Kr-85 retention was variable. Losses occurred, probably due to leaks. This plant was not 
considered practical or economical to scale up and was abandoned in 1958/9 [Ref. 9].

4.1.2. Development for B205 & THORP

For subsequent reprocessing plants, B205 and THORP design and development work 

focussed on a liquid absorption processes for Kr-85 using CFC solvents. This work was 

halted in 1994/5 when the Montreal protocol banned the production of Freon in developed 

countries [Ref 3].
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4.2. International Experience

The cryodistillation process has been developed to pilot-plant scale at 

Kernforschungzentrum, Karlsruhe (KfK) and commercial scale at the Idaho Chemical 

Processing Plant (1CPP) and is the standard industrial technique for separating atmospheric 

gases including krypton and xenon.

4.2.1. European fmainlv German)

The German Radiological Protection Commission (SSK) recommended in 1975 that a 
process for retaining Kr-85 should be developed to the industrial stage for the proposed 
Wackersdorf reprocessing plant.

Studies of cryogenic distillation at Karlsruhe, 1975 onwards, were intended to realise a 
krypton separation plant. The process was the combination of three pilot plants, 
REDUKTION, ADAMO and KRETA. These plants represent the catalytic reduction, 
adsorption and cryodistillation stages respectively. A second distillation process AZUR, was 
developed to incorporate a recycle stream in order to prevent xenon crystallization and 
accommodate a larger flow rate. The process was selected as the preferred krypton 
separation method for Wackersdorf because of its proven feasibility and conventional 
engineering. It is understood that the choice was made on these.grounds and in order to save 
on the development cost of alternative processes. The saving could then be used to fund the 
capital cost of the more expensive cryodistillation process.

A number of process options were also investigated with a view to simplifying the 
cryodistillation and pre-treatment stages.

4.2.1.1 .Pre-separation of Xenon

A significant part of the experimental work with KRETA was directed to optimising the 

distillation column for higher concentrations of xenon than are experienced in air separation 

plants in order to prevent column blockages by solid xenon. Alternatives were investigated 

by which xenon could be pre-separated to the cryodistillation. The methods demonstrated 

with some success were:
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• A compact xenon freezing trap which removed 99.9% of the xenon in the inlet 

stream to the cryodistillation plant [Ref 5]. |

• Xenon adsorption on activated charcoal or 5 angstrom molecular sieves [Ref 10]. I

Pre-separation of xenon allows the cryodistillation plant to be more compact and eliminates I  

potential column blocking by solid xenon.

4.2.1.2.RadioIytic decomposition of ozone

Research at SCK (Studiecentrum voor Kernenergie, MOL, Belgium) [Ref 8], suggests that
the problems associated with O2 and subsequently O3 can be overcome through process ■

control and the use of radiation in the cryodistillation columns. Investigation of the

behaviour of ozone in p/y radiation fields has confirmed that conditions tend to favour ozone ■
destruction rather than ozone formation. Therefore, through control of the cryodistillation •
process, the detrim entaleffect of 0 2 and O3 can be eliminated and cryodistillation can be ■
carried out without preceding oxygen removal. ■

4.2.1.3.Integration of Cryodistillation with conventional off-gas-treatment in a dissolver off- |  
gas purification test loop.

SCK have reported active operational experience with a 25m3/hr simulated dissolver off-gas
purification test loop, which integrated the wet scrubbing stages for Iodine & NOx with the I  
pre-treatment (oxygen and NOx removal, drying) and cryogenic distillation in which
krypton and xenon are first separated from the mainstream gas and then from each other by |  
cryogenic distillation [Ref 12].

4.2.2. Japan ®

Cryogenic distillation is used for separating Kr-85 at the Tokai Mura small scale I

reprocessing plant in Japan. The Japanese have indicated to BNFL that the cost of operating m
their quarter scale cryogenic plant has been much higher than the initial estimate and there 8

are no plans to build a cryogenic Kr-85 separation plant at their large scale fuel reprocessing —

plant at Rokkasho Mura, currently under construction [Ref 11). |
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4.2.3. TJS Experience

The plant at Idaho Chemical Processing Plant (ICPP) [Ref 13] has been operating since 

1962 and is designed to produce Kr-85 for the commerciai market, not for environmental 

protection purposes. It differs from the KfK process in that oxygen is removed during the 

batch distillation of nitrogen, oxygen,'argon, krypton and xenon, instead of during a pre- 

treatment stage. As a result, there have been several explosions at the plant which can be 

attributed to the presence of oxygen and hydrocarbons.

4.3. Nnhle Fission Product Crvo-Recoverv System (NGPS) -  Fuel Conditioning Facility 

( Arponne-West)

The Electro-metallurgical Fuel Conditioning Facility (FCF) is an operational active 
demonstration fuel reprocessing plant at Argonne West National Laboratory (ANL(W)), 
Idaho Falls, US, which has been using a cryogenic noble fission product gas recovery 
system (NGPS). Appendix C describes the NGPS which isolates a krypton-xenon product 
from the processing plant’s argon cover gas for delay storage [Ref 15].

There are a number of points worth noting:

• The FCF has been used to treat over 100 EBR-II driver assemblies (410 Kg high 
enriched U) and 25 EBR -II blanket assemblies (1200 Kg depleted U) between 1996 
and 1999. It has processed a wide variety of thermal reactor (metallic and oxide fuel) 
and fast reactor fuel and fuel types difficult to reprocess;

• The FCF treats very short cooled fuel. The noble gases product is recovered for 
delay storage and ultimate release, not for immobilisation and long term storage 
(delay storage period not known);

e The FCF is a pilot plant with a material handling capacity of 5 tons (fuel inventory), 
c.f. THORP throughput,? t/day;

• The noble fission product cryogenic recovery system is part of the. plant 
infrastructure; it. is not in itself part of the experimental test programme of the 

facility;

• Xenon-krypton separation is not carried out in this plant. (Note that an additional 

step to separate these two noble gases and delay store only the radioactive krypton-
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85, would reduce the volume gaseous waste to be delay stored by a factor of about

10 in addition to yielding xenon as a valuable product); J

• Ozone, which is formed by the radiolysis of oxygen, is an explosive hazard in the m
stored krypton-xenon product. However, it is claimed that the large difference |

between the boiling points of krypton and oxygen prevents significant accumulation _

o f oxygen in the fission gas product. Also, the feed gas is continuously analyzed for |  

excessive oxygen, and small amounts of the product can be periodically vaporized
and analyzed for oxygen. p

It is concluded that, despite the major differences between this plant and THORP, it does I  
provide a convincing demonstration of the technical feasibility o f cryogenic Kr/Xe recovery

from reprocessing plant off-gas carried out on a large scale in a fully active demonstration I  
reprocessing plant.

4.4. Krvpton/Xenon Production Plant at Krefeld-Gellep •

Messer Griesheim has taken account of the increasing demand for xenon & krypton by |  
building a new krypton/xenon purification facility in the extended special gas plant at
Krefeld-Gellep, described in more detail in Appendix D [Ref 16]. I

4.4.1. Design & Construction of the Facility ■

More than thirty years of experience in operating two forerunner plants went into the design f  
of this facility. It combines cryogenic processes with high temperature stages, has a state-of-
the-art process analysis system and is controlled via an efficient process control system. ■
Although the actual separation unit is a prototype, the facility, which was designed by *

Messer engineers and built in their own workshops, was commissioned without any ■
problems and is now producing pure krypton and xenon in the required quantity and quality. •

Planning for a new facility that would be able to cope with the growing demands and the I

expected new crude gas sources was started at the end of 1999. Since it was commissioned _

in March 2001 the facility has functioned without any problems. It is capable of processing I  

the crude gas from all currently foreseeable sources to produce extremely pure products.
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The plant feed contains >80% Kr/Xe mixture plus oxygen and impurities. It is mainly 

liquid delivered from a large air separation plant but it also accepts noble gas mixtures 

recycled by users.

It is concluded that, although this krypton /xenon separation plant is non-nuclear, there are a 

number of similarities with the requirements for a plant for reprocessing off-gas:

• This plant accepts a variable feedstock with considerable impurities;

• The impure gases require considerable pre-treatment to remove oxygen and other • 
impurities prior to the cryogenic separation for reasons of safety;

• The safety problem presented by O2 is similar in nature to the one faced by BNFL 
and has been overcome in a similar manner ( ie catalytic combustion with methane, 
rather than hydrogen, in this case);

• The potential for column blocking by solid xenon is similar but overcome by design 
and selection of operating conditions.

This modern conventional krypton/xenon cryogenic separation plant embodies design and 
engineering solutions to a number of the technical and safety problems which would be 
faced in designing a similar plant for THORP dissolver off-gas.

5.0 COMMERCIAL REVIEW

5.1. Xenon Production

Xenon is an extremely rare noble gas. It occurs in the earth’s atmosphere at only 90 ppb (by 
vol.). It is produced industrially by a cryogenic process, the fractional distillation of 
liquefied air (The Linde Process).

It is very expensive to produce. In order to obtain 1 m3 of pure xenon (and about 10 m3 of 

pure krypton) it is necessary to process more than 10 million m3 of air. It is only 

economically viable to do this in very large air liquefaction plants. Xenon is therefore a 

valuable minor by-product of large scale air liquefaction plants. It is not easy for. the 

industrial gases industry to respond to variation in market demand for xenon and the price 

can fluctuate accordingly.
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The current world production of xenon is estimated to be 6 million gas litres per year. [Ref 

17].

5.2. Industrial Applications J

■A detailed review of the industrial and research applications of xenon is appended I  

(Appendix A).

It has been in use for a long time, primarily in lighting where xenon gas is used in high

intensity discharge (HID) lights. Xenon HID lights are used in many applications. Car I  
manufacturers are now fitting xenon discharge lights to new cars.

Over recent years additional innovative applications have been addied to this. Xenon is used
in scientific & medical applications, such as Magnetic Resonance Imaging (MRI) and ■
anaesthesia. Xenon is also used as an insulating gas for double glazing panels, a filler gas ™
component for plasma display screens and in aerospace as a propellant for ion thrusters. ■
Xenon and its compounds are used in lasers and in etching in the semiconductor industry. m

5.3. M arket Survey ■

The results of a market survey on xenon gas and its compounds are presented in Appendix I  

B.

It has not been possible to provide comprehensive or detailed quantitative information on
the market size and trends for xenon gas alone, partly because such information is regarded ■
as commercially sensitive by manufacturers and is not in the public domain and also because ®

market trends are generally discussed for the specialty gas sector as a whole rather than for •
the individual gases. •

■
However, sufficient information has been obtained from the market survey to conclude that ■

the industrial demand for xenon and other speciality gases is growing appreciably as a result —

of new innovative medical, lighting, laser and semiconductor applications. Major industrial I

gas suppliers such as BOC and Messer Group are responding to this increase in demand by _

installing new production capacity to separate pure xenon and krypton from cruder mixtures. I
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5.4. Market Acceptability

The existence of a novel supply of xenon gas, derived from reprocessing plant off-gas, 

which could be exploited commercially, would be of little consequence if it were not 

acceptable to the market i.e. the specialty gas industry, their customers and to the general 

public.

5.4.1. To BNFL

In general, recovery of isotopes from the nuclear fuel cycle, when it has been attempted, has 
a chequered history and is not regarded favourably by the industry. In this case however, the 
isotope being separated is not itself radioactive and the cryogenic fractional distillation 
method is capable of attaining a very high separation factor from Kr-85 (DF >1000).

BNFL has consistently made the case for continued unabated discharge of Kr-85 to 
atmosphere. However, BNFL could derive some public relations advantage from recovering 
xenon for commercial reuse. Since the original planning consent for THORP was granted, 
the case for reprocessing has been undermined because there is little demand for its product 
streams, pure Uranium and Plutonium. Plans to reuse these materials as Fast Reactor Fuel 
have been abandoned and pressures are growing (e.g. House of Lords Committee) for 
plutonium to be categorised as a waste rather then a valuable product, while the price for 
mined uranium has .remained low. The case for continued reprocessing in the UK now 
depends on it being viewed as a waste treatment option i.e. segregating highly active 
radionuclides and immobilising them in a stable vitrified waste form and some recycle of Pu 
in MOX fuel to thermal reactor operators. Against this background, separation of xenon as a 
new commercially valuable by-product of reprocessing could be viewed positively by the 

nuclear industry.

5.4.2. To the Specialty Gas Industry and its Customers

The reaction of the industrial gas industry to xenon gas supplies sourced from a nuclear 

reprocessing plant will largely depend on the reaction of their customers, the end-users. The 

majority of the applications are in high tech industries where the decision makers should be 

scientifically literate. With the obvious exception of anaesthesia, most of the applications
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contain the xenon gas (e.g in lamps, plasma displays, insulating panels) and should not 

result in direct exposure of the public to recovered xenon from the nuclear industry.

5.4.3. To the Public

Xenon sourced from the nuclear industry is capable of being purified to a very high degree 

but will inevitably be regarded as “suspect” active. material by-users and the public. 

However there are some favourable precedents for recycle of nuclear material eg in the 

1990s several thousand tons of aluminium and stainless steel arising from decommissioning 

of the Capenhurst diffusion plant were recycled for unrestricted use in the scrap metal 

market. Quantities of contaminated precious metal used in plutonium finishing have also 
been successfully decontaminated and recycled.

6.0 ECONOMICS OF XENON SEPARATION

6.1. Price of Xenon

The price of xenon gas varies over time in response to market forces, ie supply & demand. 
Prices quoted also vary depending on the quantity arid purity of the product. A range of 
price quotes for xenon supplied in bulk or large quantities from 1999 to the present are given 
in Table 3.
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Table 3. Price Quotes for Xenon

Supplier Ref Date Purity Volume 

at 20°C, 

1 atmos.

Price Unit Price 
per litre

CRC
Data
Sheet

22 1998 Pure $20 £14

Air
Products

19 1999 Pure 300 litres £2672 $12.7 £8.9

Special

gas
services

(US)

20 2000 99.999% 50 litres $1200 $24 £16.8

Xe & Kr 
(Ukraine)

21 2002 99.9999% 30,000 litres 
per month

$14 £9.8

6.2. Xe & Kr Yields in Irradiated Fuel

Isotopes of the inert gases krypton & xenon are produced as fission products in irradiated 
nuclear fuel. For PWR fuel with a burn-up of 33 GWd/tonne U, at 30 MW/tonne U and after
10 years out-of-reactor cooling, the Kr & Xe yields expressed in terms of mass & 
radioactivity per tonne of U are shown in Table 4.

Table 4. Krypton & Xenon Yields in Irradiated Fuel

Yield ( per tonne U) [Ref.24] Mass Activity

Kr 0.36 kg 5.8 kCi

Xe 5.46 kg 0 See Notes

Ratio Xe/Kr 15.2
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Notes:
• After ten years out-of-reactor cooling, the remaining xenon is non-radioactive and the 

mass yield is an order of magnitude greater than Kr-85.

• The xenon yield increases with fuel irradiation so that PWR fuel with a burnup of 40 

GWd/tonne U, 40 MW/tonne contains 6.38 kg xenon per tonne U. AGR fuel with a 

burn up o f 40Mwd/tonne U, 21 Mw/tonne U, 3.7% Initial Enrichment contains 6.26 Kg 
xenon per tonne U [Ref 24].

6.3. Estimated Value of Recovered Xenon

From the price quoted above (Table 3.1) a value of £10 per litre of xenon gas (measured at 
20° C and 1 atmosphere) is assumed. So, using the xenon yields given above and assuming 
100% recovery, the value of xenon gas which could be recovered from spent fuel 
reprocessing is estimated as follows

For PWR fuel (33 Gwd/tU, 30MW/tu, 10 Year cooled)
Xenon mass yield = 5460 g/t U
Xe Gas density =5.541 g/1 (at 20°C 1 atmosphere)[Ref 26]
Therefore, Xenon volume yield = (5460/5.541) = 985.4 1/t U at 20°C 
Value of Xenon recovered = 10 x 985.4

= £9854 /tU reprocessed

The quantity of xenon discharged by THORP, assuming reprocessing at lOOOte U per year, 
is 985.4 m3 gas pa which represents 16.5% of the estimated world production of xenon 
(6,000,000 litres per year).

This quantity o f xenon is estimated to have a current market value o f £9.85 million per year.

This estimate takes no account of the effect that a new source of xenon production might 

have on the market price and assumes that the xenon recovery process is 100% efficient.
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6 4. Cost Estimate of a Cryogenic Krypton Abatement Plant for THORP

The order of cost of a conventional cryogenic distillation plant of the required capacity for 

THORP off-gas treatment was estimated by BOC to be £20M for the initial separation 

stages and £2M for the final krypton/xenon isolation stage. {Ref. 25]

BNFL estimated the capital costs for a nuclear plant to be £50M-£I()0M (construction 
including Civils and Design & Engineering). This was revised to £75M-£125M to allow for 
increased design and development costs associated with a cryogenic abatement process. This 
is a preliminary order of cost estimate (based originally on Class C estimate for a liquid 

absorption process) and the scope includes krypton removal, retention, storage and export.

BNFL define capital cost estimates using a similar classification to the Institution of 
Chemical Engineers. The previous categories of Class A, B, & C have now effectively been 
replaced by FEED 1, 2 & 3 respectively, though they are not exactly equivalent in all cases.

Table 5 Status of Capital cost estimates

Class Accuracy

Feasibility Study order of magnitude cost - no specific accuracy

Class C ( FEED 1) +/- 100%

Class B (FEED 2) +40% and - 10%

Class A (FEED 3) +/- 10%).

The feasibility study (or pre-Class C estimate) is intended to identify potential options, 
indicating order of costs only, with no specific accuracy attached. The Kr-85 cryodistillation 
abatement plant cost estimate corresponds to the feasibility stage estimate.

Indicative capital and life cycle costs have been estimated to be £335M to £40OM. The make 

up of these costs is shown in'Table 6. These were independently reviewed for the EA [Ref 

25].
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Table 6. Estimated Lifecycle Costs for Kr-85 Abatement by Cryodistillation

£M

Plant construction 50-100

R&D costs 25

Operation and maintenance 

(10 year period)
. 40

Product storage(100 years) 140

Disposal to NIREX 70

Decommissioning 14-25

Total estimated capital and 335-400
lifetime costs (ranse)

6.5. Cost of Xenon separation

The separation of xenon suggested here is linked to the need to reduce krypton-85 
discharges from THORP. It is not a stand-alone proposal.

The capital & operating costs for recovery of xenon will be not be significantly greater than 
the cost which will be incurred to remove Kr-85, i.e. the capital cost of Xe/Kr separation is 
assumed to lie within the large uncertainty in the estimate above.

Additional facilities will be required for storage and export of the recovered xenon product.
These facilities will be non-active. Another benefit is that the volume of cryogenic delay 
storage tanks will be reduced by a factor of about 10 or more if xenon is separated. This is 
comparing the tank capacity required for delay storage o f krypton-85 alone with the volume 
needed for a krypton-xenon mixture.

6.6. Im pact on BPEO Assessment for Kr-85 abatement

The EA has. estimated that a maximum collective dose saving of 1311 man-Sv to the world 

population may be achieved by implementation of Kr-85 abatement on THORP aerial 

discharges [Ref 11]. The capital and lifetime costs are compared with the NRPB 
recommended figure of £20k per man-Sv in Table 7.
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Table 7 Kr-85 abatement cost per man-Sv

Cryogenic Plant 

Capital Cost

Cryogenic Plant 

Whole life cost

Collective Dose reduction 1311 man-Sv

A Capital Cost £70-125M £335-400M

B Cost per man-Sv £53-95K £255-305K

C NRPB recommended 

cost/m an-Sv

£2 OK

D Ratio B:C 2.7-4.75 12.75-15.25

The value of the recovered xenon arising from THORP reprocessing at 1000 tU pa has been 
estimated to be approximately £100 M over 10 years operation (see 6.3 above).

If this cost benefit is set against the estimated capital cost of a cryogenic Kr-85 abatement 
plant, the impact on the BPEO assessment is shown in Table 8.

Table 8 Revised Costs for Kr-85 Abatement with Xenon Recovery and Commercial Recycle
Cryogenic Plant 
Capital Cost

Cryogenic Plant 
Whole life cost

Collective Dose reduction 1311 man Sv

A Capital Cost-Value of 
recovered xenon

£0-25M £235-300M

B Cost per man-Sv £0-19k £179-229k

C NRPB recommended 
cost/m an-Sv

£2 OK

D Ratio B:C 0-1 9-11

Cost savings of the magnitude indicated significantly affect the BPEO assessment in favour 

of Kr-85 abatement. The estimated capital cost of the cryogenic plant Kr-85 abatement, with 

xenon separation for commercial reuse, meets the BPEO criterion but the BPEO criterion is 

still exceeded by a factor of 10 when the whole life cycle costs are considered.
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Kr-85 abatement combined with commercial xenon recovery appears to be cost neutral 

when the short/ medium term capital construction costs are considered. The BPEO 

assessment justifying non-abatement of Kr-85 largely depends on the life cycle costs for the 

plant, which are subject to a high degree of uncertainty both in the magnitude of these costs 

and the timescales, which could extend over several decades. For this reason, the costs 

estimates need to be scrutinised more closely and the uncertainties reduced in order to 

underpin the BPEO assessment.

6.7. Comments on Whole Life Cycle Costs

Whole life costs include

• Capital cost (design & construction);

• Operating and maintenance costs;

• Research and development costs;

• Waste treatment and storage costs;

• Ultimate disposal costs ( based on NIREX disposal costs);

• Decommissioning costs.

and these are discussed in this section.

^7.1. Whole Life Costs

“Whole life costing” is not used by BNFL for capital investment appraisal. BNFL uses the 
capital cost to “plant hand-over” as a basis for making Capital Expenditure Proposals 
(CEPs). Capital costs are incurred in the short/medium term and cost engineering estimates 
can be produced with a reasonable degree of certainty. Other life cycle costs cannot be 

estimated with tKe same degree of precision, and there is considerable uncertainty with 

respect to both magnitude of the cost and the timescale over which they will be incurred. For 

nuclear plants the expenditure for decommissioning and waste disposal will be incurred 

often 50 to 100 years in the future.

The whole life costs for Kr-85 abatement are dominated by the Nirex disposal costs & 

decommissioning costs. Because o f the major uncertainty in both cost and timing of these 

future liabilities, the costs'are funded separately from the capital cost by provisions in BNFL
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accounts. In assessing the financial provisions to be made against these liabilities it is 

conventional practice to discount these costs (to take into account both the risk and 

uncertainty and the time value of money). The use of undiscounted costs for 

decommissioning and waste disposal in the whole life costs used for BEPO gives them 

undue weight in the assessment. Arguably, the Net Present Values (NPV) should be used in 

the BPEO assessment.

6.7.2. Capital Costs .

The capital cost estimate for a new plant is the usual basis for making capital investment 
decisions and is capable of being estimated to reasonable degree of precision. BNFL use 3 
categories (A, B, C) for this purpose (See Table 5). BNFL’s detailed capital costed proposal 
(Class C estimate) was for a solvent absorption plant, not a cryogenic plant. The status of the 
cost estimate “factored” for a cryogenic distillation plant is reduced from Class C (+or- 
100%) to a “preliminary order of cost estimate”.

BNFL were required to make provision in THORP for Kr-85 abatement so presumably 
some costs have been incurred already. Depending on the extent of these provisions, the 
capital cost could be reduced, e.g. if the Kr-85 abatement plant could be accommodated 
inside the THORP building envelope or an existing cell this would reduce civils costs 
considerably.

It is noted that the many of the life cycle costs which dominate the BPEO assessment are 
derived as percentages of the original plant capital cost estimate, which is itself only an 
order of magnitude estimate, and should therefore be improved upon to avoid compounding 
the uncertainty.

It is recommended that a more detailed engineering cost estimate for the cryogenic plant and 
equipment is prepared by a specialist cryogenics company. BNFL would add the cost of 
“ nuclearising”  the plant & equipment, the civils costs (e.g. shielding) safety and 

radiometrics, materials and any site specific costs, to generate a “Class C” capital cost 

estimate for the cryogenic plant.
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6.7.3. Operating & Maintenance Costs

The undiscounted cumulative operating costs over 10 years are not generally combined with 

the capital cost for capital investment appraisal purposes. Plant operating & maintenance 

costs are funded from the revenue budget. The proposed Xe recovery plant would be small 

compared with THORP, so future operating & maintenance costs could be treated as 

marginal costs

6.7.4. Research & Development Costs

The additional R&D costs for a cryogenic Kr-85 plant were estimated by BNFL as a 
percentage of the capital cost estimate. This estimate could be refined to take into account 

the body of past R&D work and design and operational experience in nuclear pilot plants 
and conventional plants worldwide, outlined above in Section 4, to which BNFL has access.

6.7.5. Waste Storage and Disposal Costs

Cost provision only needs to be included for 50-100 years above ground storage of the Kr- 
85 waste, followed either by release of the krypton gas or disposal of a solid waste, 
depending on whether the krypton is stored as a cryogenic liquid or gas under pressure or 
immobilised in a metal matrix (as discussed in Section 3.5). The capital cost estimate 
includes interim waste storage (£140M).

Any solid waste arising directly from Kr-85 abatement is likely to be LLW following delay 
storage to allow Kr-85 to decay. Disposal to an ILW repository (Nirex) is therefore unlikely 

required.

If the Nirex disposal costs (£70M) are removed from the assessment then Table 8 may be 

revised as shown in Table 9.
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Table 9 Revised Costs for Kr-85 Abatement with Xenon Recovery. 

Nirex Disposal Costs Removed

Cryogenic Plant 

Capital Cost
Cryogenic Plant 

Whole life cost

Collective Dose reduction 1311 man Sv

A Capital Cost-Value of 
recovered xenon

£0-25M £165-230M*

B Cost per man-Sv £0-19k £126: 175k *

C NRPB recommended 
co st/m an-Sv

£2 OK

D Ratio B:C 0-1 6.3-8.8*

*This figure excludes the £70M Nirex disposal costs which are not necessary and could be 
reduced further if discounted costs ( Net Present Values) were used for decommissioning 
and waste storage.

6.7.6. Decommissioning Costs

BNFL did not include estimated decommissioning costs in their estimate, so that Plant 
dismantling and disposal of low level decommissioning waste has been estimated by BNFL 
as a percentage of capital (20%) to be £14-25M.

BNFL have expertise in modelling of plant decommissioning costs, and it is suggested that 
the same methodology should be used to produce a decommissioning cost estimate for a Kr- 
85 abatement plant, based on estimates for a similar cell in THORP.

7.0 CONCLUSIONS

This study has concluded that cryogenic separation of xenon from reprocessing plant off gas 

is technically possible as part of a Kr-85 abatement process, and appears to be commercially 

feasible.
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Two modern plants convincingly demonstrate the technical feasibility of operating the 

process on an industrial scale both inactively (Krefeld Gellep) and actively (ANL (W)).

From the market survey it is concluded that there is an expanding market for xenon with 

growth driven by research in high technology industries.

The quantity o f inactive xenon that could be recovered from THORP equates to 16.5% of 

the current world production. The recovered xenon would have a current estimated market 

value of £100M from 10 years reprocessing at 1000 tonne U per year. A cost benefit of this 

magnitude is sufficient to make the cost of Kr-85 abatement, together with xenon recovery 

and recycle, cost neutral when capital costs are considered and to significantly reduce the 

overall life cycle costs used in the BPEO assessment-

8.0 RECOM M ENDATIONS

It is recommended that the cost benefits of xenon recovery from reprocessing plant off-gas 

and the impact on the BPEO assessment are studied in greater detail. In particular, a more 

accurate capital cost estimate should be produced (BNFL Class C) to enable a more rigorous 

cost benefit comparison.

The large uncertainties in the life cycle costs should be reduced, for example by using 

methodology BNFL has developed for estimating long term decommissioning and waste 

management costs.

Use o f conventional discounted costs (NPVs) in the BPEO assessment should also be 

considered.
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1.0 LIGHTING

The element xenon is used in lamps that produce intense, extremely short flashes of light, 

such as stroboscopes and lights for high-speed photography. When a charge of electricity is 

passed through the gas at low pressure, it emits a flash of bluish-white light; at higher 

pressures white light resembling daylight is emitted. Xenon flash lamps are used to activate 

lasers.

Xenon is used as a light source in special applications, principally High Intensity Discharge 

(HID) lights used in:

• Studio and stage lighting;

• Architectural lighting;

• Aviation lighting e.g. runway and helipad lights;

• Automotive lighting.

These are discussed further below.

1. 1. Developments in Automotive Lighting fRef. 11

Current and future market trends are placing ever higher demands on lighting equipment. 

This applies equally to headlights and optional lighting equipment. The trend in the 

headlight sector is towards greater safety through better vision and towards greater economy 

through longer service life and aerodynamic design. The market demands economical 

products, longer service life, higher luminous power and resistance to vibrations.

Philips has refined the technology of the gas-discharge lamp and electronic control units and 

now offers an innovative solution for automotive applications: Xenon Light. Philips Xenon 

Light is a system integrating three carefully matched components. A micro gas-discharge 

lamp serves as light source, an electronic unit controls ignition and operation, and carefully 

matched headlights ensure optimum luminous effect. The quantity of light is doubled, at half
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the energy consumption of halogen lamps. Its lifetime is extended by a factor of 5, the 

system emits a daylight colour impression and allows for a highly compact headlight design.

Last but certainly not least, there is immediate light after switching.

The basic element of the system comprises a miniature high-pressure burner and the lamp 

base. The quartz envelope o f the burner, which is about the size of a match, is filled with 

inert gases and metal salts. The arc. is generated between two electrodes. Compared to the 

filament o f a halogen lamp, the light quantity and density are substantially higher. Thanks to 

the small distance between the electrodes, xenon comes very close to the ideal of the point 

light source. The high luminance o f the compact lamp ensures precise distribution of light 

and exact definition of the light/dark boundary on the road ahead of the vehicle. Through the 

gas-discharge principle, the lamp is shockproof. Its service life of approximately 3000 hours 

makes it an economical and reliable component.

Such advanced lighting systems use high-intensity discharge (HID) headlamps. Compared 

to a halogen lamp, a HID unit uses xenon gas to produce more light for less power. For this 

reason, HID are gradually replacing halogen bulbs across all car segments, not just within 

the luxury sector.

HID headlamps are still expensive to replace. . Another development is to use remote 

lighting systems (also known as distributive lighting systems). It means that all the 

expensive lighting components are located behind the bumper, away from the accessible 

damage spot. Despite the cost, it is predicted that HID systems will gradually permeate 

down the car segments and be offered in many configurations.

One of the most promising developments is to use HID light sources for the entire vehicle 

through the use of fibre optics. The efficiency of using optical fibres to transport light from a 

central source on to the road has improved significantly over the last few years. Further 

work is required for headlamps, but the technology is already sufficient for the use of fibre 

^optics in interior lighting. This means that applications such as the inside of map pockets- 

where the heat of a bulb would have meant that, previously, lighting was inappropriate-can 

now be illuminated. As the use of fibre-optic lighting gathers momentum, demand for light 

bulbs will gradually fall.
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1 . 2 . Overhead Projector Lamps. fRef. 21

The overhead projectors currently available on the market use incandescent lamps to project

an image. The noise and heat produced by the incandescent lamps, and the high cost of I  

replacing the light bulbs are the main complaints of overhead projector users. A projector

which uses a xenon Arc Lamp as an energy-efficient, alternative light source, has been I  

developed, thereby eliminating the heat source, and providing silent operation. The xenon
■Arc Lamp lasts significantly longer than incandescent bulbs, reducing maintenance costs. I

1.3. Environm ental Benefits of Xenon Liehts I

1.3.1. Mercury Free HID lighting TRef. 31 ■

Car manufacturers are expecting tighter controls on hazardous substances such as mercury u
and the Japanese Auto Manufacturers Association (JAMA) had asked component suppliers I

to develop substitutes. Ichikoh Industries and Harison Toshiba Lighting have jointly _

developed mercury-free high intensity discharge (HID) headlight systems and plan to start |  

supplying vehicle makers in 2003.

1.3.2. Ultraviolet Radiation Gas Cleanup TRef. 41

At the Savannah River Site (SRS), Argonne Nuclear Laboratories (ANL) demonstrated and

evaluated a commercially-available gas treatment technology developed by Purus, Inc., of I  

San Jose, CA. Purus' system uses xenon flash lamps to destroy volatile organic compounds

(VOCs) such as trichloroethylene (TCE), and perchloroethylene (PCE). ANL analyzed gas ■

influent and effluent samples, as well as intermediate by-product gases for the presence and ™

concentration of phosgene, DCAA, chloroform, and carbon tetrachloride. h

The.photolytic oxidation process indirectly destroys volatile organic compounds (VOCs) in _

soils and groundwater. The process uses a xenon pulsed-plasma flash-Iamp that emits short I

wavelength ultraviolet (UV) light at very high intensities. The contaminants are collected in _

the vapour phase, and the UV treatment converts the VOCs into less hazardous compounds. I

Because the contaminants are destroyed in the vapour phase, the process uses less energy m

than a system treating dissolved contaminants. The volatilized VOCs enter the photolysis I
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reactor where a xenon flash lamp generates UV light. The plasma is produced by pulse 

discharge of electrical energy across two electrodes in the lamp. Destruction over 99 percent 

occurs within seconds. Full-scale testing was conducted at the Lawrence Livermore National 

Laboratory Superfund site in California. Soils at the site had high levels of trichloethene 

(TCE). The TCE was quickly destroyed; however, undesirable intermediates including 

dichloacetyl chloride (DCAC) were formed. DCAC further oxidizes into dichlorocarbonyl 

(DCC) which requires additional treatment.

2.0 INSTIGATING GAS [REFS. 5, 6,71

Rare gases and rare gas mixtures are supplied to the worldwide window industry who 

incorporate these gases into their windows and doors to increase their insulation value.

Xenon and krypton are used as filler gases for advanced high efficiency insulating panels 

and double glazing panels.

Buildings still lose a lot of energy through the windows. Insulated glass panes, which have a 

cavity filled with xenon or krypton, contribute considerably to energy savings. The 

improvement of heat insulation which is achieved with a krypton/xenon-filling (triple-paned 

insulated glass) leads to savings of fuel oil. The high level of heat insulation provided means 

that the space between two window panes can be kept smaller than that of conventional 

insulated glass windows, thus allowing the architect more creative freedom. Xenon is the 

most effective insulator of the inert gases. Sound insulation can also be improved by using 

heavy inert gases such as krypton or xenon.

3.0 MEDICAL APPLICATIONS

Medical applications of xenon include

Anaesthesia
• Medical Imaging
• Use in Eximer lasers for Angioplasty

3.1. Anaesthetic Gas fRefs. 8, 91

Xenon is regarded as the ideal anaesthetic because it is completely free of side effects. Even 

in high concentrations xenon is completely non-toxic. The chemically-inert gas does not
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enter into any metabolic compounds in the body and therefore leaves behind no 

decomposition products in the human organism. I

When exposed to xenon, the patient loses consciousness within a very short time, and xenon I  

ensures that the patient's state remains stable throughout the anaesthesia process. Unlike 

with other commonly used anaesthetic agents, the patient’s blood pressure cannot drop and I  

put the patient at risk. The patient releases fewer stress hormones and pain is alleviated.

What is more, the patient is fully conscious without any side effects within two minutes after I  

the operation is finished.

Xenon also has environmental and safety benefits. Unlike conventional anaesthetic gases, 

xenon does not contribute to the greenhouse effect or the destruction of the ozone layer. In ■  

view o f attempts to achieve a global ban on all CFCs, xenon could therefore become a 

viable future alternative in the field of anaesthesia. Staff in the operating theatre are less at ■  

risk of exposure to toxic gas, so there is less need for sophisticated ventilation and air 

monitoring systems in areas in which anaesthetic pollution may be present m

This has been known for many years but until now it was considered too expensive to use 

xenon as an anaesthetic gas. Only once it became possible to reuse the gas within a closed |  

circuit system was the application economical. At the end of the anaesthesia process the 

xenon is collected in a container, compressed and filled into cylinders and returned to the I  
gas supplier to be prepared for reuse.

Europe wide studies have been under way to obtain approval for use of xenon as a drug 

since September 1998. The results have been submitted to the European Approval I  

Authority in London for drug registration.

3.2. Medical Imaging ■

Xenon has a number of applications in advanced medical imaging and diagnostic systems, ■

principally in imaging of the lungs and angiogram, and as a detector medium in Xrays. Its u

use in these areas can be expected to increase as the systems currently under development I

become more routinely used. A series of xenon re-breathers have been designed to provide m
the user and the patient with more safety when performing lung ventilation studies. I
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3.2.1. Magnetic Resonance Imaging, MRI fRefs. 10, 111

Hyperpolarized noble gases (He-3 and Xe-129) are currently being used in magnetic 

resonance imaging as strong signal sources that can be safely introduced into the iung. 

Recently, researchers have been investigating other tissues using 129Xe. These studies 

image xenon dissolved in a carrier, such as lipid vesicles or blood.

With these R&D demonstrations, the door is opened to a wide variety of new MRI 

applications. Examples in the biomedical field include portable noble gas systems for 

diagnostic lung imaging in humans, and inexpensive table-top imaging systems for the non- 

invasive characterization of lung disease models in animals. Furthermore, a low-field noble 

gas MRI system would be compatible with operation in restricted environments, such as 

onboard a space station, and may permit lung imaging of patients with artificial transplants 

such as pacemakers.

In the physical sciences, low-field noble gas MRI will be effective in imaging voids in two 

classes of materials that are problematic for high-field MRI: (i) heterogeneous systems, such 

as porous and granular media, which distort high-field MRI because o f large, solid-gas 

magnetic susceptibility gradients); and (ii) electrical conductors, which prevent high-field 

MRI by Faraday (i.e. RF) shielding). Also, low-field NMR measurements o f the restricted 

diffusion o f noble gas imbibed in porous media (e.g. reservoir rock) may provide an 
effective and practical diagnostic of fluid permeability in these systems.

3.2.2. X Rav detection fRefs. 12, 131

The feasibility of using liquid xenon as detection material in an x-ray imaging detector to be 

used in mammography has been demonstrated. Since the desired result is a detector for x- 

ray imaging, it must have a high signal to noise ratio (SNR), and spatial resolution. Liquid 

xenon promises to be an improvement over other materials used as detectors, such as 

amorphous selenium. In theory, this is an excellent medium for imaging purposes although 

the need for cryogenics is a practical disadvantage.

Stable xenon gas is also used as a computerised tomography (CT) contrast agent for the 

assessment of regional ventilation.
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3.2.3. Laser Angioplasty TRef. 141

The FDA approved in 1993 the use of a fibre delivered XeCl (308 nm) excimer laser beam 

for removing calcified plaque in arteries. Excimer laser angioplasty is minimally invasive, 

debulking arteries supplementing balloon angioplasties.

Another medical application under investigation is Transmyocardial Revascularization 

(TMR). which creates and maintains open channels through myocardiaum and is still 

experimental. The hope is that excimer based systems using the fibre delivered XeCl (308 

nm) wavelength will ultimately reduce angina as well as the number and risk of bypass 

surgeries.

The typical angioplasty laser gas mixture is 0.06% HC1, 0.03% H2 , 1.5% Xe and the 

balance neon.

4.0 EX CIM ER LASERS IREFS. 15. 161

The excimer laser is a rare gas laser that emits light in the ultraviolet region. The gas fill is 

typically comprised o f 2-3% rare gas (such as krypton or xenon), 0.1-0.3% halogen (such as 
fluorine or chlorine) with the remainder usually being neon or helium.

Excimer lasers produce ultraviolet laser light in veiy short, high energy pulses. Electricity is 

used to supply energy to a mixture of xenon and a halogen such as fluorine ( or chlorine). 

Xenon combines with the fluorine to form a very unstable molecule XeF, which 

immediately breaks down. As it breaks down, the molecule releases a burst o f  laser light. 

The light is made to travel backwards and forwards between mirrors. This amplifies the 

laser beam in the same way as in a krypton laser.
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4.1. Excimer Lasers in Microelectronics [Ref. 161

For a long time the excimer laser was used almost solely as a research instrument in 

universities and government laboratories and unlike its argon and helium-neon counterparts, 

did not have a strong presence commercially. Its absence from the industrial market was 

primarily due to the high cost of rare gases, sophisticated technical maintenance, frequent 

replacement intervals of gas and mirrors, and general safety concerns. However, the need for 

efficient ultraviolet sources and potential financial payoff for successful systems, created an 

environment in which the larger excimer laser companies felt comfortable investing the 

necessary resources to develop an industrial excimer.

After several years of research, a new excimer laser design appeared on the market and it 

soon made a place for itself in the micromechanical fabrication of metals, ceramics, 

polyimides and organic polymers. The changes in laser design encompassed new cavity 

configurations that reduced possible leakage sites, reduction in gas consumption, improved 

safety in gas handling, and employment of new methods for extending the life of the optics. 

The excimer has claimed its share of total laser sales and is now an essential part o f the 

growth in silicon processing.

The excimer laser has enjoyed intense research and development during the past few years 

due to the ever present need fpr faster, more powerful and smaller semiconductor devices. 

The deep ultraviolet output of the excimer used for micro-fabrication o f integrated circuit
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devices is increasing the computational power of IC chips and decreasing the footprint of the 

chips on a circuit board. The excimer laser beam is used for several purposes: as a direct 

writing tool to replace photo-masks; as a micro-drill for multilayer chip via fabrication; and 

as an ablation tool for non-chemical etching in semiconductor processing. Recent 

publications report on high precision structures obtained using excimer lasers with 

submicron features. The excimer laser is a strong candidate for the new generation of micro

devices employing nanofabrication.

4.2. L aser Cutting fRef. 171

An important use o f excimer lasers is in cutting very hard plastics. These very hard plastics 

are used in some satellites and are capable of withstanding the very high temperature of re

entry. The plastics are so hard that they cannot be cut even by diamond. Due to their very 

high energy intensity, the excimer lasers can cut the plastic without heat damage. Other 

types o f  lower energy lasers would heat up the plastic around the cut, causing damage.

4.3. L aser Gases fRef. 191

These lasing gases are generally high purity speciality gases. They are either supplied as 

pure gases for blending in the laser or as pre-mixed gases to the specification laid down by 

the laser manufacturer. The lasing gases used in the main industrial laser types are shown in 
the table below.

Table A2.1

Lasing Gases

CO? Laser* --------- ! Nd:YAG Laser Excimer Laser**

co2
n 2
He

I None, the lasing medium is a 
solid crystalline rod. .

A Halogen donor (HCL or F2) 
and a noble gas (Ar, Kr or Xe) : 
in a He or Ne buffer ;

Notes: j 
* Some lasing gases contain 4 or 5 components and in addition to C02) N2 and He can contain CO, 
H2 or Xe.
** The gas species defines the wavelength o f the laser output (e.g.XeCI - 308nm)

The purity of these lasing gases is critical and gas purities of 99.995% are generally 

required. While the absolute purity is important, so is the type o f impurities present in the
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gas. Moisture and hydrocarbons have a particularly detrimental effect on laser operation so 

levels are typically limited to 5vpm for H20 and 1 vpm for total hydrocarbons (THC). The 

lasing gas specification can vary considerably between laser manufacturers.

5 0 P T . A S M A  DISPLAY SCREEN GASES [REF. 191

Historically, an important application of xenon is as a fill gas for thyratron and half-wave 

rectifier tubes. Xenon is increasingly used as a filler gas for plasma display screens.

Monochrome Plasma Display Panels (PDFs) have been commonly in use since the early 

1970's mostly in the medical, commercial and military arenas. In monochrome PDPs a rare 

gas mixture, usually with a neon gas component, can be used to create a red-orange 

luminescence. The creation of green, blue, yellow or red luminescence is achieved through 

various proprietary combinations of rare and inert gas components (including xenon) and 

their corresponding interacting phosphors.

6 0 A PPL IC A T IO N S OF XENON COMPOUNDS FREF. 211

Noble gases were thought to be chemically inert until Neil Bartlett produced (1962) the first 

nob 1 e-gas compound, a red crystalline solid, xenon hexafluoropIatinate(V), that can best be 

formulated as Xe(PtF6)x; in which-x varies in value from one-to-two. Xenon was later 

observed to combine directly with fluorine to form a series o f  fluorides, XeF2, XeF4, and 

XeF6, of which the tetrafluoride (XeF4) is the easiest to prepare. The oxides X e03 and 

Xe04, made indirectly in aqueous solution, are explosively unstable when dry. Stable, 

insoluble xenate(VIII) salts, such as that of sodium, Na4XeOe 8H20, and several other stable 

compounds; for example, the yellow solid cesium octafluoroxenate(VI), Cs2XeF8-have been 

prepared and studied. t

XeF2 is a mild fluorinating agent, which can help in the organic synthesis o f aromatics and 

reacts with carbon-carbon double and triple bonds, to facilitate addition products. XeF2 

converts uracil into 5-fluorouracil, which was one of the first anti-tumour agents.
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6.1. Selective Gas-Phase Etching of Silicon CMOS Integrated-Circuit Chips Can be Micro-

M achined  to Inco rpo rate  Micro-Sensors fRef. 211

A technique of gentle, highly selective gas-phase etching of silicon has been devised to 

enable the fabrication o f micro-electromechanical devices integrated with electronic circuits. 

For example, newly fabricated complementary metal oxide/semiconductor (CMOS) 

integrated-circuit chips can be micro-machined by use of this technique , to incorporate 

micro-sensors, without damaging the circuitry already present.

The technique is based on the fact that at room temperature, xenon difluoride (XeF2) gas 

etches silicon preferentially to almost all other materials that are likely to be encountered in 

processing o f semiconductor devices. Even when silicon is etched by XeF2 to a depth of 

hundreds o f microns, there is no appreciable etching of adjacent uncured or cured photo

resist, oxide, metal, or polymeric structures with dimensions down to fractions o f  a micron

Another notable advantage of gas-phase etching with XeF2 is that unlike liquid-phase 

etching, it does not involve hydrodynamic forces that could damage fragile micromechanical 

structures like those shown in the figure. Still another advantage of etching with XeF2 is that 

since it can be done at room temperature; there is no risk of the diffusion that can occur at 
high temperature, ruining the devices being fabricated.

At room temperature and atmospheric pressure, XeF2 is a white solid. However, at room 

temperature, it sublimates at a vapour pressure of several hundred Pascal. Thus, XeF2 can 

easily be converted to the gas phase by placing it in a vacuum system of modest capability.

Etching by XeF2is performed in a chamber connected by valves to a vacuum pump and to a 

source of XeF2. First, the chamber is pumped down to a pressure of a few tenths o f a Pascal 

Then the valve to the source of XeF2 is opened and adjusted to maintain the pressure in the 

source at about 1 torr ( «  133 Pa), so that XeF2 gas is released at a suitable rate and 

concentration. Under these conditions, etching of single-crystal silicon has been observed to 

proceed at typical rates between 3 and 5 pm/min, and occasionally at rates as high as 10 

nm/min. The etch is nearly isotropic and insensitive to the type and concentration o f dopant.
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7.0 XENON ION PROPULSION SYSTEMS. XIPS fREFS. 22. 23, 331

Ion propulsion is a technology that involves ionizing a gas to propel a spacecraft. Instead 

standard chemical propellants, the heavy inert gas xenon is ionized (i.e. given an electrical 

charge). It is then electrically accelerated to a speed of about 30 km/second. When xenon 

ions are emitted at such high speed as exhaust from a spacecraft, they push the spacecraft in 

the opposite direction.

NASA's first ion engine was built by Glenn Research Centre in 1960. Since then, there have 

been many tests o f the technology in the laboratory and some limited tests in space. But 

until Deep Space 1(DS1), no mission had been prepared to risk using an untried technology 

for the main propulsion system. The whole purpose of the New Millennium program, of 

which DS1 is the first flight, is to test technologies, which can reduce the costs and increase 

capability o f working in deep space and around Earth. The performance o f the XIPS on 

DS1 exceeded expectations and design performance and XIPS may be expected to be used 

as the propulsion system for future missions.

Ion propulsion is not of value for missions that require high acceleration, and it often will 

not be worthwhile for missions that can be done quickly using conventional propulsion 

systems (such as missions to the moon). But for a wide variety of missions with high energy 

requirements (such as missions to asteroids and comets, Mercury and the inner solar system, 
and some to the outer solar system), the low but steady acceleration of ion propulsion wins 

out over the less efficient bursts from chemical alternatives.Under the circumstances for 

which ion propulsion is appropriate, it can push a spacecraft up to about ten times as fast as 

chemical propulsion. Because the ion propulsion system, although highly efficient, is very 

gentle in its thrust, it cannot be used for any application in which a rapid acceleration is 

required. The ion propulsion system oh DS1 imparts about 3.6 km/s to the spacecraft. To 

undertake the same mission with a chemical propulsion system would require a more 

expensive launch vehicle and a larger spacecraft to accommodate a large tank for the 

chemical propellants.

The ultimate speed of a spacecraft using ion thrust depends upon how much propellant it 

carries; indeed, the same principle applies to chemical propulsion systems, although they are 

m u c h  less efficient. It increases the speed of the spacecraft by about 4.5 kilometers per
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second, or about 10,000 miles per hour. The ion propulsion system on DS1 carries 81.5 Kg 

of xenon propellant, which provides 20 months of thrust.The same amount of chemical 

propellant would provide only one tenth as much velocity increase. If DS1 carried a more 

Xe propellant it could reach a much higher final velocity by simply thrusting longer. Future 

missions will carry more xenon to reach higher speeds.

The first commercial Earth-orbit satellite to use XIPS for station keeping was launched in 

1997. By 2001, 11 Earth orbit satellites were using XIPS.

8.0 R ESEA R C H  AND INSTRUMENTATION

8.1. X -rav Imaging [Ref. 251

Two Gas Imaging Spectrometers (GIS) were built by scientists and engineers at Tokyo 

University. The GIS, an imaging gas scintillation proportional counter, has two main parts: 

the gas cell, and the photon- sensitive phototube. The gas cell is filled with a.mixture of 

xenon (90 percent) and helium (10 percent). The cell has a front window made of beryllium 

(10 microns thick). The voltage across the gas cell is 8000 V. The phototube was made by 

scientists and engineers at Hamamatsu Photonics. It has a quartz window (7.5 cm thick) and 

ten-stage dynodes.

The area o f the GIS that is sensitive to X-rays is 50 mm in diameter. Other "vital statistics" 
o f the GIS are as follows:

Energy Range : 0.7 keV to 10 keV
Energy Resolution: 8 percent at 5.9 keV
Field of View: circular, with a diameter of 50 arcmin

8.2. Radiation Detection

8.2.1. Larse-Volume Radiation Detector Using Compressed Xenon (Brookhaven National 

Laboratory) fRef. 261

BNL has demonstrated a portable, battery powered, room-temperature xenon spectrometer 

about the size of a suitcase that is ready for field-testing. Further development is required to 

construct and test the feasibility of very large detectors suitable for fixed installations such
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as piers where containers are offloaded from ships. This technology offers higher resolution 

than current devices, and could distinguish between legitimate shipments of medical 

isotopes and other nuclear materials. When fully developed it offers the promise of a 

detector that can identify a nuclear threat in ships or other vehicles from a distance.

8.2.2. Hiph Pressure Gas Scintillation Proportional Counter (HP-GSPC) (Ref. 271

The HP-GSPC, with its X-ray energy range of 3-120 keV extends measurements to higher 

energies. Its very high energy resolution above 10 keV will be particularly important in the 

study o f emission lines and absorption features in the spectra o f  celestial X-ray sources.

HP-GSPC uses a gas scintillation proportional counter to detect X-rays, however filled with 

5 atmospheres of xenon to allow high energy X-rays to be detected. Its field o f view o f one 

degree is defined by a near circular cell collimator, above the gas cell entrance window, 

which can be offset in pointing direction to enable samples o f background to be taken for 

subtraction from the data, when the instrument is observing a celestial X-ray source. The 

scintillation light in the gas cell, derived from the interaction of each incoming X-ray, is 

seen by an array of seven photomultiplier tubes mounted in the Anger camera configuration, 

whose signals are combined so that the derived energy of the X-ray is corrected for position 

of interaction in the cell. This notably improves the spectral energy resolution o f the 

instrument.

8.3. Magnetic Resonance Imaging fMRD

8.3.1. Low-field MRI of Laser Polarized Noble Gas fRef. 281

Conventional magnetic resonance imaging (MRI) employs large magnetic fields (~ 1 tesla) 

to induce an observable thermal Boltzmann polarization in the nuclear spins o f liquids such 

as water. However, laser-polarization of 3He and 129Xe does not require a large magnetic 

field, enabling efficient gas-phase MRI at low magnetic fields (< 0.01 tesla). Practical low- 

field MRI of laser-polarized noble gas was demonstrated in glass cells ("phantoms") and 

excised rat lungs using a prototype instrument operating at 21 gauss and adapted from our 

dual noble gas (]29Xe/3He) maser
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8.3.2. Probing Porous Media with Time-Dependent Gas Diffusion NMR TRefs. 29. 301

Pulsed-field-gradient NMR techniques were developed and tested to measure time- 

dependent noble gas diffusion as a probe of the microstructure of heterogeneous porous 

media (the lung, foams, reservoir rock, etc.). Time-dependent (i.e., restricted) diffusion of 

xenon gas was measured in model porous media-randomiy packed glass beads-with results 

that are consistent with numerical calculations. Free gas diffusion coefficients were 

measured for times much smaller than that required for xenon atoms to diffuse across pores 

in the restricted medium. For longer diffusion times, the measured diffusion coefficient 

decreased as the xenon atoms increasingly interacted with boundary restrictions. Recently, 

NMR studies were undertaken of xenon gas infused in Fontainebleau sandstone, a typical oil 

and natural-gas-bearing reservoir rock with a microstructure of great interest to the 

petroleum industry.

8.3.3. Xenon NMR as a Probe o f  Micro-heterogeneitv fRef. 311

Xenon can be used as a tracer for the extraction o f structure information in micro- 

heterogeneous amorphous systems by means of 2D NMR. 129-Xe nuclei act as probes for 

structural heterogeneity The approach is based on the idea o f introducing Xe atoms as 

probes for structural order in solid amorphous materials. The Xe atom has a large 

polarizability, making it sensitive to its environment. Interactions with the host systems 

perturb its electron density. This can be monitored through the induced chemical shifts in 

129-Xe.

8.3.4. Protein Crystallography

In the 1960’s it was shown that protein structures could be investigated by infusing them 

with xenon and examining the xenon binding sites with a suitable techniques ( X-ray 

crystallography or MIR)

Daresbury Laboratories in Cheshire have developed facilities which allow the use of xenon 

derivatives (at room temperature and 100K) for MIR and Anomalous Dispersion 

experiments at their protein crystallography stations.
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Xenon derivative protein crystals can be produced by pressurising native crystals with xenon 

gas. Modification of the mother liquor to determine soaking conditions is avoided. The 

number of binding sites, and their occupancies can be changed by altering the gas pressure, 

thus, several derivatives could be produced from the same crystal. These sites often differ 

from metal binding sites. Xenon atoms interact weakly with protein; isomorphism of the 

derivative with the native is high, xenon binding is often reversible; the same crystal could 

be used for a further heavy atom soak.
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APPENDIX B 

XENON MARKET SURVEY
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l.o  SPEC IA LITY  GAS M ARKET

Xenon is marketed with other noble gases, and certain other gases, in a sector of the 

chemical industry termed specialty (or speciality) gases. Speciality gases include fluorine 

products, rare gases such as xenon, krypton, neon and more common gases of high purity or 

gases which are precisely blended as mixtures. These gases and chemicals are used in 

numerous industries and in electronic and laboratory applications.

The speciality gas market is a truly global market, with limited number o f global suppliers 

(prominent among them are BOC, Air Products and Messer Group) and numbers of smaller 

local suppliers in each region. Former Eastern bloc countries such as Russia and the Ukraine 

can provide bulk supplies of noble gases.

The speciality gas market in the US is forecast to be just under $2 billion by 2003; or a 6.7% 

per year increase. Approximately 25% of the market value are the rare gases, i.e. argon, 

helium, krypton, xenon. This forecast growth is lower than the rates experienced over the 
previous decade but gains in value demand are realistic.

New products and applications are driving the growth in demand for rare gases. Speciality 

gas growth is linked to the displacement of speciality chemicals in processing applications, 

calibration and. processing in markets like analytical instrumentation, semiconductor 

processing, chemical processing, medical application, lighting and lasers.

particularly in semiconductor, medical and laser markets. Xenon has been used in the 

lighting industry for a long time. Over recent years additional innovative applications have 

been added to this. For example, xenon is now being used as a filler gas for double glazing 

panels, and in colour plasma display screens. It is undergoing European trials as an 

anaesthetic gas and used as the propellant for the ion thrusters in NASA’s Deep Space 1 

probe. In the lighting field, xenon High Intensity Discharge lights are more widely used in 

advanced lighting systems for the automotive and aerospace industries.
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Market sectors predicted to achieve highest growth rates in demand for xenon are discussed 

below.

2.1. Medical

The main applications for xenon are in medical imaging (MRI and X-ray) and anaesthesia. 

In future, anaesthesia is expected to be the largest application. Europe wide trials of xenon 

anaesthesia have been underway since September 1998. The results Have been submitted to 

the European Approval Authority in London for drug registration. Approval o f xenon as an 

approved drug in Europe is still awaited.

For this application, special narcosis units are required. One equipment manufacturer 

[Draeger o f  Luebeck] can deliver approximately 100 units per year with an annual gas 

consumption of 4000 litres each as soon as xenon is officially registered as a medical gas.

The use of xenon in advanced medical imaging is largely at the research stage. The demand 

for xenon in these areas is expected to grow as these techniques progress from R&D tools to 
more general widely available diagnostic tools. Following the successful research 

demonstrations using xenon, the door is opened to a wide variety of new MRI applications. 

Examples in the biomedical field-include portable,noble gas .systems for diagnostic lung 

imaging in humans, and inexpensive table-top imaging systems for the non-invasive 

characterization of lung disease models in animals. Furthermore, a low-field noble gas MRI 

system would be compatible with operation in restricted environments, and may permit lung 

imaging of patients with artificial transplants such as pacemakers

2.2. Automotive Lighting

Automotive lighting systems have been developed which have capabilities which are in 

advance of current legislation. By 2003, manufacturers expect regulations to allow 

swivelling low-beam headlamps in Europe (which are already allowed in the US but not yet 

used). By 2005 the legislative framework should be established in Europe and Japan for the 

use of intelligent headlights and therefore for improved road safety at night.
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These lighting systems use high-intensity discharge (HID) headlamps to light up the road 

ahead. Compared to a halogen lamp, a HID unit uses xenon gas to produce more light for 

less power. For this reason, HID lights are gradually replacing halogen bulbs across all car 

segments, not just within the luxury sector.

The European HID market is said to be eight years ahead of the US. This is mainly due to 

the stringent safety standards in force in Europe and that consumers want this technology 

and are willing to pay for it. In Europe, 7% of all cars built in Europe last year (2000) 

featured HID, rising to 23% by 2005 and 42% by 2010. In Japan, HID headlamps are 

forecast to show meteoric growth, rising from 8% fitment in 2001, to 20% by 2005, rising to 

35% by 2010. In North America, fitment rates are predicted to rise from 1% in 2000, to 8% 

by 2005 and 17% by 2010.

2.3. Lasers and Semiconductors

Xenon chloride and fluoride compounds are used in Excimer Lasers and as selective 
etchants in the manufacture of silicon chips.

Excimer Lasers are a primary production tools for semiconductor manufacturers. They have 

an increasing role in a broad range of integrated circuit (IC) production applications.

Some o f these include:

• DUV Lithography;

• Micromachining;

• Annealing; 

e Cleaning;

• Marking;

• Drilling;

• Etching.

In the past 5 years, xenon diflouride, XeF2, has been applied as a selective etchant in the 

emerging Micro Electro Mechanical systems (MEMS) market of the semiconductor 

industry. MEMS devices are gaining importance in a variety of applications and are today 

being used for production of on-chip pressure sensors (diving watches), micro flow
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controllers and accelerometers (car airbag sensors). In future these devices will be used in 

gyroscopes and micro medical equipment. In these applications XeF2 has the desirable 

isotropic dry etch properties to remove silicon very selectively around and under devices 

such as micro cantilevers grown on a silicon chip.
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nFSCRIPTTON OF THF, CRYOGF.NTC NOBLE FISSION GAS RECOVERY SYSTEM 

A T  ABRONNE NATIONAL LABORATORY(WEST)

APPENDIX C
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The Fuel Conditioning Facility (FCF) at ANL(W) is a development/ demonstration facility ■  • 

on electrometallurgical treatment of a wide variety of spent fuels, including short cooled fast

reactor fuel (EBR-II). The process involves shearing and dissolution of the spent fuel in f  

high temperature molten salts and electro-refiriing of the fuel to generate three compact solid

.waste streams; two metallic solids composed of the fuel and its cladding and a ceramic ■  

containing long lived Fission Products and transuranics.

The electrometallurgical processes are adversely affected by oxygen and are carried out in •

cells with an argon atmosphere, which is also used to cool the high temperature processes. a

During normal operations, the argon atmosphere contains less than 50 ppm O2. ■

The argon cover gas is treated in a cryogenic plant to recover the noble fission product gases |  

which are released during the fuel processing.

Each cryogenic processing system consists of two 100% compressors in hermetically sealed 

enclosures, an after-cooler and moisture separator, two thermally regenerated dryers, dryer I  

regeneration heater and cooler, separator and water collection and solidification station, cold 

box housing the cryogenic heat exchanger, column and product vessel, and the fission gas I  

cylinder loading station.

I
One compressor in each processing system normally operates to take suction at the various •  

collection points and to pressurize the gas so that a liquid xenon-krypton product with low ■  

argon content can be produced in a single stage column with continuous throughput. The ® 

gas passes through a molecular sieve dryer for water vapour and CO2 removal, and the dry a  

gas is cooled and introduced into the cryogenic column, which is cooled by liquid nitrogen. I  

Most of the xenon and krypton condenses and is collected in a product vessel.

The product vessel is periodically isolated and metered on a weight basis to a fission gas 

waste cylinder that is pre-cooled to cryogenic conditions inside a portable shield. The Dept. I  

of Transport (DOT 3 A) cylinders are 6.625 inches in diameter and 30.25 inches long and are 

limited in the activity of Kr-85 allowed to ensure that leakage from a cylinder would not I  

exceed permissible release limits.

1

■
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The purified argon gas passes from the top of the column through the heat exchanger for 

cold recovery. The argon is then heated and used to regenerate the off-line dryer. The 

argon gas normally flows back to the cells via the Inert Gas Purification System return 

headers. However, when cell pressure increases above 3.7E2 Pa of water, the atmosphere 

discharge valve opens and the purified argon flows through a seal pot to the suspect 

ventilation system exhaust.

The NGPS uses liquid nitrogen for cryogenic cooling. The liquid nitrogen storage and 

supply system is located outside, adjacent to the argon storage. Four liquid nitrogen storage 

tanks are provided, each with a capacity of 35.3m3 N2.
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PT,ANT & PROCESS DESCRIPTION OF THE NEW KRYPTON/XENON SEPARATION 

PLANT AT KREEELD-GELLEP (REFS 34. 35,36^

APPENDIX D
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1.0 GAS FEED . PRE-PURIFICATION

The crude gas that is delivered in liquid form from the enrichment facilities of the air 

separation plants (for composition see Table 1) is evaporated and fed into the methane 

reactor. In parallel to this, gaseous crude gas, including gas recovered and recycled by 

consumers (the mixture consists of noble gas and air) is fed in. Any physical impurities, 

such as dust and oil droplets contained in this mixture, are removed by a bank o f filters and 

oil vapour is absorbed. Hydrocarbons would jeopardise the subsequent cryogenic process, in 

which oxygen is highly enriched. In the methane reactor these hydrocarbons are catalytically 

burnt with added oxygen and the reaction products, water and carbon dioxide, are absorbed.

The pre-purified crude gas that is obtained is pumped into high-pressure vessels by means of 

a membrane compressor.

2 .0  S E P A R A T I O N

The process (shown schematically in Figure 1) for separating the components of the crude 

Kr/Xe gas mixture is low temperature rectification (i.e. cryogenic fractional distillation).

The crude gas has to be liquefied again before entering the separation unit proper. In the gas 

stream there are two series-linked packed columns; the first column condenses krypton & 

xenon and separates the gases that make up the air, the second column separates out krypton 

from xenon. Essentially the separation processes in the two columns are relatively simple.

Krypton/xenon separation is considerably easier than the “traditional” air separation in 

nitrogen and oxygen. Also, only nitrogen or oxygen can be used for cooling the columns, 

but, at their vaporisation temperature, the xenon ice would block the column. However,

Messer were able to resolve this problem by choice of operating parameters and design of 

the column condensers.

The majority o f the important impurity tetrafluoromethane (important because it is very 

disruptive and easy to detect) is removed by transferring the pre-purified product out 

between the two columns and passing it through a high temperature reactor. In order to de

couple the columns from the product off-take and from each other, their products are
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intermediately stored as frozen liquids. All of the cold parts o f the facility are installed in an 

insulated box.

3.0 REPURIFICATION, PRODUCT OFF-TAKE. PERIPHERALS

The noble gases produced in the separator still contain traces o f halogenated hydrocarbons 

and other impurities. These are bound to “getter” materials in high temperature reactors, of 

similar design to the methane reactor. Two-stage membrane compressors then decant the 

purified krypton and xenon products into compressed air bottles. All of the exhaust gas 

streams arising from the separation unit and the decantation process are separated into 

krypton and xenon and recovered in two freezing stations (heat exchangers cooled with 

liquid nitrogen), housed in the two cold boxes.

4.0 PROCESS CONTROL

An analytical device is used for process control (not for process monitoring, which is done 

separately) for the first column and this detects traces of oxygen as a control component. 

The second column is monitored by a mass spectrometer, which was converted in 

collaboration with the manufacturer from a laboratory-scale measuring device into a process 
analysis system suitable for plant operation. *

5.0 PLANT CAPACITY

The plant has the capacity to produce 80,000 litres / month of xenon and 800,000 

litres/month of krypton [Ref. 3] This involves processing over 1000m3/month of feed gas.
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Table 1. Feed and Product Purity

Crude gas Pure krypton Pure xenon

K rypton 85 - 92 Vol % - < 5 vpm

Xenon 6 - 12 Vol % < 5 vpm -

Oxygen 1 - 2.5 Vol % <0.5 vpm 0.5 vpm

N itrogen 1 - 1.5 Vol % < 5 vpm < 5 vpm

A rgon 0 -1 .5  Vol % < 5 vpm < 5 vpm

M ethane, hydrocarbons < 500 vpm < 0.1 vpm < 0.1 vpm

T etrafluorom ethane < 100 vpm < 0.1 vpm <0.1 vpm

S ulphur hexafluoride < 10 vpm < 0.1 vpm < 0.1 vpm

Figure 1. Outline Process Flow Diagram
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BNFL

Environment Agency 
Ghyll Mount 
Gil lan Way
Penrith 40 Business Park
PENRITH
Cumbria

£ ^ / \ v v -  • •

■VS*- *

B ritish  N uclear Fuels pic

Sellafield
Seascale
CumbriaCA20 IPG 
Tel: 019467 28333 
Fax: 019467 28987 
Telex: 64237

Directtel: 019467 74600 
Direct fax: 019467 74797
e-mail:

Your ref.
Our ref. EA/02/3237/01 

18 March 2002

Dear Dr Ferguson

Disposal of Oil Contaminated Waste,

At Calder, we have a minor waste stream with no identified disposal route - material such as 
absorbent pads and rags soaked in oil, potentially contaminated to low levels. We have around 
50 x 40 gallon drums of it - which has been accumulated over several years. Drigg is not an option 
for this material in this quantity. N il are also interested in resolving this issue because we do not 
currently have an identified route.

Achieving a disposal route has been considered by the Sellafield Solid Waste Working Group over 
recent months. I understand it is not issue unique to Calder. Options previously considered have 
included compressing the material to remove the oil - for incineration; use o f bio-degradation, etc.. 
However, the favoured option is transfer o f the material to a third party for disposal - 'Shanks' 
using their incinerator at Southampton.

Obviously using this route willrequire a transfer authorisation from yourselves. We would wish 
this issue to be considered outside of the authorisation review process, as there is a need to 
expedite these transfers.

Similar issues have been identified for the other Magnox Stations within BNFL, & transfers to 
Shanks are being included within their re-authorisation processes.

Sellafield R SA93 Review  
Main Review Decision Docum ent Rcgistefed in England no. 1002607
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I would be grateful if  you would give this matter your attention. We will, o f  course, provide any 
further information you require.

Yours sincerely

R  G  M orely
M anager, Environmental Discharges Strategy
Site EHS&Q Group
B407/1
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Our Ref: 
Your Ref:

0I9/02/>71 ; O l t f '3 'J - j  lha
En v ir o n m e n t
Ag e n c y

Date: 22 M arch 2002

Mr J Clarke
Head o f Environment Health and Safety
British Nuclear Fuels pic
Sellafield
Seascale
Cumbria
CA20 IPG

For the Attention o f  M r R Morley

RADIOACTIVE SUBSTANCES ACT 1993 
SELLAFIELD AUTHORISATION REVIEW

Dear M r Clarke

The Agency has received information, during the recent public consultation on its proposals 
for the future regulation o f  Sellafield, relating to the possibility o f  recovering a constituent o f  
THORP aerial discharges that could have significant commercial value. In response to the 
information, the Agency let a contract with RM Consultants L td to carry out a technical 
feasibility study o f the cryogenic separation of Xenon gas from reprocessing plant off-gases. 
RMC has now completed the study and has produced a report (copy attached).

The report will be included in the package o f information supporting the decision docum ent 
for the review. The report contains new information relevant to the review and m akes a 
number o f recommendations that could significantly effect the cost benefit analysis for the 
Krypton-85 BPEO assessment in the Explanatory Document for the consultation. The 
Agency therefore invites BNFL to comment on the report including its overall im plications 
for Krypton-85 abatement at THORP.

I have a number o f specific questions that should be addressed in your response to m y letter:

• Were BNFL aw are'of the commercial value o f recovering Xenon gas from TH O RP aerial 
discharges and, if  so, for how long has this been known?

• If BNFL were aware previously o f the commercial value o f Xenon gas why w as this not 
recognised in annual reports on krypton-85 abatement that BN FL are required to supply 
in compliance with the gaseous discharge authorisation? In this event^why did B N FL  
fail to include in the reports any  assessments o f  the commercial benefit that could be 
gained from Xenon and fail to highlight that its value on the world market could go som e 
way to off-set the capital costs of a Krypton-85 cryogenic separation plant at TH O R P?

• The basis of BNFL's estimated cost of a Krypton-85 cryogenic separation plant has been 
queried by RMC (see paragraphs 6.7.1 - 6.7.6 in RMC report). Why has BN FL used  
whole life costs instead o f capital costs for appraising the viability of installing K rypton- 
85 abatement at THORP when it appears the latter are normally used for capital 
investment decisions?

T h e  E n v iro n m e n t  A g e n c y
G h yll M o u n t, G illan Way, Penrith 4 0  Business Park, Penrith , C u m b ria  C A 1 1- 9BP 
Te l: 01 76 8  866666  Fax: 0 1 7 6 8  8 6 5 6 0 6 .
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I req u est that y o u  provide a response to m y letter by Monday 15 April 2002 at the latest.

Y ours s in ce re ly

D r  D  F e rg u so n  
S ite  In specto r
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Main Review Decision Docum e  

Supporting Information
13



Supporting
Information

14



O u r Ref: SEL/SR01/833 
Y our Ref:

En v iro n m en t
Agency

Date: 27 March 2002

Mr J S Clarke
British Nuclear Fuels Pic
Sellafield
Seascale
Cumbria
CA20 IPG

For the attention of M r R  M orley

Dear Mr Clarke

IN FO R M A TIO N  REQ U EST FO R  DATA RELA TIN G  T O  PAST LIQ U ID  AND 
A ERIA L DISCHARGES AND O PERA TION A L DATA

It has become apparent that there is a range o f data that has not been received relating to past 
liquid discharges, past aerial discharges and operational data.

I have listed below the data that is required and would appreciate an early reply.

1. Past L iquid Discharges

Provide missing Sb-125 data e.g SETP 2000
Provide data where discharges are reported as zero, unless they are actually zero 
discharges (e.g THORP DOG November 2000, April 2000)
Provide Cm and Np data for THORP DOG and Laundry and Lagoon for 2000
Provide written notification for amended figures e.g THORP R&S September 1999 for
the puiposes of the Public Register.
Provide discharge data for Calder Hall 2000-2001.

Explanation of Liquid Discharge Trends

Factory Sewer, H-3 discharges, January 2001: Discharges o f  ~12GBq/month are -1 0  
times normal discharges. Can you provide an explanation as to why this is.
SETP, S<35, June 2000 105GBq and September 2000 46 GBq: Discharges -1 0  times 
normal discharges. Can you also provide an explanation as to why this is.

Cont/d...

i
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2. Past Aerial Discharges

Provide B 230 1-131 discharge data for 2000 and 2001 
P rovide TH O RP 1-131 discharge data for 2001.

Explanation o f  A erial Discharge Trends

A re the TH O RP Pu-241 data correct in particular October 2000 (7.4E-7MBq)
A re the B38 3rd ext. Pu-241 data correct in particular (7.81E-5MBq) and also prior to 
2000 no zero results were reported but since a number have been reported -  is this correct 
or has there been a change in the reporting procedure?
Provide the reason for elevated, discharges of total alpha, total beta, Sr-90, C s-137,, 
Pualpha, Pu-241, A m +Cm  from B30 in May 2001.
Provide reason for elevated discharges o f total alpha and Pu(alpha) from B38 ext 1 and 2 
in Septem ber 2001.

3. Operational Data

Provide m onthly throughput data for THORP, MAGNOX and WVP for 2000-01 

P lease address all correspondence to Dr M  Emptage.

Y ours sincerely

K A .

MARIA NELLES 
Technical Support Officer
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I Our ref: 
Your ref:

En v ir o n m e n t
Ag e n c y

i

i

i

Date

M R E/697/02

28 M arch 2002

M r J S  Clarke 
Regulatory Liaison Office 
Building B 113 
British N uclear F uels Pic 
Sellafield

I Seascale 
Cumbria

i  

i  

i  

i  

i  

i  

i  

i  

i  

i  

i  

i  

i

CA20 IPG

For the attention of Mr R Morley

Dear Mr Clarke

SELLAFIELD AUTHORISATION RE VIEW - COMPLIANCE WITH SITE LIMITS

A t a meeting on the 7“ December 2001, the Agency agreed to provide B N FL  w ith  euidam v 
regarding the aerial discharge sources that should be measured against site lim its This letter‘d  
out the Agency position on compliance w ith all site limits. The position was provided in draft fhn-n 
at a meeting on the 28 February 2002 to ensure that BNFL is content that the A gency  re s o o n ^  
answers the BNFL query. I have confirmed with M r M  Breese today that no further clarity is sought 
by BNFL and consequently can now provide this position formally.

Agency Position
It is the responsibility o f  operators to use best practicable means to assess d ischarges (usino 
measurement or estimation) against site lim its and to inform the Agency o f the techniques b e in f 
employed to-determine the activity o f radioactive waste disposals. These requirem ents are stated n 
Conditions 8 and 20 o f  the proposed authorisation.

In practice this means that an operator should consider whether m onitoring o r estim ation is 
appropriate and furthermore which specific m ethod should be used for each w aste stream  (i e the 
overall m ethodology which represents best practicable means). It is expected that a num ber n f
factors will be considered, including:
B the significance o f the discharges (in terms o f quantity, radiological and environm ental 

impact, fraction o f overall site discharges)

Cont/d...

The Environment Agency
C h yll M o u n t, C illan W ay, Penrith 4 0  Business Park, P enrith  C u m b ria  CA11 9RP 
Tel: 0 1 7 6 8  8 6 6 6 6 6  Fax: 01 768 8 6 5 6 0 6
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■ cu rren t best availab le  technology
* co sts
■ o p era tio n a l safety .

Proposed S ite L im its
W hen p roposing  s ite  discharge lim its, the Agency has considered all discharge information supplied 
b y  B N F L . It shou ld  be noted that for any particular radionuclide, site lim its are based on the sum 
o f  all d ischarge inform ation provided by BNFL rather than the sum o f  the proposed plant discharges 
lim its .

Com pliance with Site Limits 

L iqu id  Site Limits
C o m p lian ce  w ith  s ite  lim its w ill require monitoring or estimation o f  all sources, which contribute 
to  au tho rised  sea p ip e lin e  discharges. In practice this will involve.summating the discharges from 
all p lan ts , w h ich  are upstream  o f  the sea pipeline.

A erial Site Lim its
T he A gency  recogn ises the lim itations o f  the current methodology for estimating discharges from 
approved  p laces (m inor outlets). In particular:
■ T h e  rem ote  m onito ring  m ay include contributions from other sources (e.g. re-suspension)
• T he  current m ethodology  only provides information on the total alpha and beta discharges and 

no  in form ation  has been m ade available to the Agency on individual radionuclide discharges.

D ue to these lim itations, w hen proposing site limits for specific radionuclides the Agency has been 
unable  to m ake allow ance for approved places (minor outlets) discharges. Consequently, the Agency 
in tends to state in the C EA R s or authorisation that, for the purpose o f  determining com pliance with 
ind iv idual rad ionuclide  site lim its, BNFL is not required to report the discharges o f  individual 
rad ionuclides from  approved places (minor outlets). In practice compliance w ith site lim its for 
specific  rad ionuclides w ill involve summating the discharges from all o f  the specified stacks.

It is no ted  that:
• determ ination o f  com pliance with total alpha and total beta site limits will require the inclusion 

o f  the contribution  from  approved places (minor outlets).
■ the A gency is proposing  to require BNFL to provide additional information on the m ore 

sign ifican t approved place (m inor outlets) discharges and will be assessing w hether it is 
p racticable to incorporate individual radionuclide discharges from approved places (m inor 
outlets) w ith in  site lim its during the next review.

Y ours sincerely

D R  M  R E M P T A G E
P ro cess  In d u s try  an d  R ad io ac tiv e  Substances Regulation Inspecto r
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Your ref: EA/02/323 7/01 
Our ref: 019/02/120

Ag en c y

Date: 3rd April 2002

Mr J Clarke
Head Environment, Health and Safety
British Nuclear Fuels pic
Sellafield
Seascale
Cumbria
CA20 IPG

For the attention of Mr R Morley

Dear M r Clarke

RADIOACTIVE SUBSTANCES ACT 1993 
DISPOSAL OF OIL CONTAMINATED SOLID WASTE

I refer to your letter o f 18th March 2002 requesting the Agency to consider issuing BNFL 
with an authorisation for the transfer of oily solid waste, that is potentially contaminated with 
low levels o f radioactivity, from Sellafield to Shanks Ltd, Southampton for incineration. To 
allow the Agency to proceed further with this matter, I request that you complete the relevant 
sections o f the enclosed application form and return it to this office. Your application should 
include full details o f the transfers, including the description of the waste, projected annual 
transfer volume and estimates of the radionuclide content of the waste to be transferred

You should provide written evidence to demonstrate that the disposal o f the waste via the 
proposed route is consistent with the best practicable environmental option. In addition, you 
should demonstrate that the best practicable means have been applied to minimise both the 
activity o f the radioactive waste produced and its volume to be transferred to other premises.

Yours sincerely,

annually.

D Ferguson
Site Inspector

The Environment Agency
Chyll Mount, Gillan Way, Penrith 40 Business Park, Penrith, Cumbria GA11 9BP 
Tel: 01 768 866666 Fax: 01768 865606
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NFL

Dr D Ferguson 
Environment Agency 
Ghyll Mount 
Gillan Way
Penrith 40 Business Park
Penrith
Cumbria

1 0 X

British Nuclear Fuels pic

Sellafield
Seascale
Cumbria CA20 1 PC 
Tel: 019467 28333 
Fax: 019467 28987 
Telex: 64237

Direct tel: 019467 74600 
Direct fax: 019467 74797 
e-mail:

Your ref:

Our ref: EA/02/3290/01 

8 April 2002

Dear Dr Ferguson 

Xenon Discharges

With reference to your letter of 22 March, I am unable to supply the information required by 15 
April. However, we will endeavour to supply it as soon as possible, we estimate a timescale of 
about the end of April.

Yours sincerely

R G Morley
Manager, Environmental Discharges Strategy
Site EHS&Q Group
B407/1
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O ur Ref: SJH/RJB/Meacher0402.16 

Date: 16 April 2002

^ 5 ^  En v ir o n m e n t
W aW  Ag e n c y

The Rt Hon Michael Meacher MP 
DEFRA
Minister for the Environment
Nobel House
17 Smith Square
London
SW 1P3JR

ENVIRONMENT a g e n c y  
n o r t h  a re a

18 APR 2002

5 ?i
------------- L_

Dear Michael

SELLAFIELD AUTHORISATION REVIEW

The Agency will be putting its proposals for the Sellafield authorisation to the Board on 15 
May. Before we do so I wanted to set out our views on one of the key issues, namely the 
regulatory limits on discharges from individual plants at the site. We need to clarify with you 
before the end of April how the Agency will be able to respond flexibility to any future need 
to change discharge limits from plants on the site.

In your letter of November 1999 to Lord De Ramsey which commissioned this review of the 
authorisations, you emphasised the importance, in identifying and reviewing all the principal 
sources o f radioactive discharges at the Sellafield site, to discriminate between discharges 
that arise from production operations and, those arising from dealing with the waste 
management and decommissioning legacy o f past operations. You asked that we keep any 
headroom allowed between actual discharges and discharge limits to the absolute minimum.

Our proposals will therefore include separate limits on discharges from individual plants (ie 
second tier ‘plant limits*) as well as limits on discharges from the site as a whole (ie site 
limits). The number of second tier limits on individual plants are being markedly increased 
in our proposed authorisation.

The site limits and plant limits have been set tightly so as to minimise ‘headroom’ in the 
authorisation. But having taken a rigorous approach to minimising the head room, we need to 
be able to respond reasonably to the need for future changes in ‘plant limits’ which do not 
affect the overall envelope of site limits and hence environmental impact, where these are 
necessary, to deal effectively with legacy waste. If  we are to maintain our tough approach on 
‘minimising headroom’, and in particular if changes are then required in the future for safety 
reasons, we would intend to implement such changes by means o f minor variations to the 
authorisation. This could be done swiftly, if  we were satisfied that there were a real need to 
do so. This is a key point, fundamental to our proposals.

Chairman’s Office.
Environment Agency, Miltbank Tower, 25th Floor,

21 -24 Millbank, London SW1P 4XL 
..Telephone0207.863.8720,Fax0207.863-8722 •
E-mail john.harman@environment-agency.gov.uk
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Some respondents to consultation, including the Government’s advisory committees, 
RWMAC and NuS AC have expressed concern that the Agency will not be able to vary these 
‘second tie r’ plant limits without a major consultation exercise lasting months or years. They 
advocate that the time taken could have significant safety implications or delay clean up or 
retrievals o f  the historic waste legacy. HSE has similar concerns, that the plant limits should 
not constrain the processing and treatment of legacy waste in order to make it safe and stable 
for the long term. A number of consultees have pointed to numerous examples where it has 
taken a long time for the Agency and its predecessors to vary authorisation limits at Sellafield 
and other nuclear sites.

Before we put our final proposals to our Board, I would like to confirm with you that we are 
still minded to proceed to set tight limits on discharges from individual plants, and confirm 
that we have your support if  future situations arise where the Agency needs to vary these new 
second tier plant limits (ie to. increase or decrease them) using a minor variations process 
without referring proposed changes to ministers. O f course if we see the need to change the 
limits on discharges from the site as a whole, our proposals will be Subject to the usual full 
consultation. The alternative is that we will simply not be able to reduce the headroom on 
plant limits with such vigour if any subsequent change involves full consultation and 
ministerial decision, a process which rarely takes less than a year and often far longer.

My office will be in contact with yours to arrange a meeting at which we can brief you further 
on the proposals we will put to the Board.

Yours sincerely

SIR JOHN HARMAN 
CHAIRMAN

Cc• O- L{0i*_y\^
P l_

J C c
f i n t  ^
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X  f o - s k j u  S

• Chairman's Office 
Environment Agency, Millbank Tower, 25th Floor,

21 -24 Millbank, London SWl P 4XL 
Telephone 0207.863.8720, Fax 0207.863.8722 
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British N uclear Fuels pic
Sellafield 
Seascale 
CA20 1 PC 
UK

Mr K Rollinson 
Environment Agency 
Ghyll Mount 
Gillan Way
Penrith 40 Business Park 
Penrith

e-mail:

Our ref: EA/02/3330/01 
(SEIG/2002/3473)

17 April 2002

Your ref:

Cumbria
CA119PB

Dear Mr Rollinson

In February 2000, Thorp informed the EA of its intention to carry out trials o f an ion exchange 
medium (Co-Treat). This was to be used on tHe funda filter in the Thorp pond purge, in order to 
assess its potential to remove cobalt 60 (TOEA/2000/38N). Dr D Ferguson responded to a further 
letter (TOEA/2000/105R) authorising the trials, and stating that the proposal did not require a 
substantial change to the IPC authorisation*

Further to this the EA was informed of Thorps intention to extend the trials (EA/01/23 97/01).

Following the extension of the trials, we would like to inform you that Thorp intends to move to an 
arrangement whereby Co-Treat is used periodically, at management discretion, for managing fuel 
with high cobalt 60 levels.

Should you have any questions or require further information, please contact Dr Bernard Courtney 
or Dr Dawn Gamer.

Youi

Stev
Thoi^ jager

Copy Regulatory Liaison 
Nick Coverdale 
Bernard Courtney 
Dawn Gamer 
Paul Standring

Sellafield RSA93 Review 
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BNFL

Dr M R Emptage 
Environment Agency 
Ghyll Mount, Gillan Way 
Penrith 
CA119BP

AGENCY

| p ^ n  -  2 MAY 2002

FILE REF!

British Nuclear Fuels pic

Sellafield
Seascale
CumbriaCA20 IPG 
Tel: 019467 28333 
Fax: 019467 28987 
Telex: 64237

.Direct tel: 0 1 9 46 7  74600 
Direct fax.019467 74797 

e-mail:

Your ref. EA/02/3388/01 
Our ref:

24 April 2002

Dear Dr Emptage,

PROPOSED Sb-125 AUTHORISATION LIQUID EFFLUENT DISCHARGE LIMIT

The proposed introduction of new and revised discharge limits in the new Sellafield Discharge 
Authorisation is the subject of considerable discussion between BNFL and the Agency. However, I 
wish to emphasise one issue in particular in this letter. This is the proposed introduction of a site 
limit for Sb-125 liquid effluent discharges from the Sellafield site and its consequent impact on 
SDCEP operations.

Typically, SIXEP discharges account for >95% of the site Sb-125 liquid effluent total and 
therefore the introduction of a site limit is essentially an introduction of a SDCEP discharge limit. 
Current SIXEP discharges are shown in the chart below.

Rolling 12 m onth s u m  S IX E P  Sb-125 discharge 

86125 discharge GO) Proposed site annual limit 1.SE4 G B q
Tokal Rods cropped

O.OOE+OO

<f
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This shows that the SIXEP Sb-125 liquid effluent discharges are currently close to the proposed 
site annual limit o f 1.5E+04GBq (91% of the limit for the rolling 12 months to February 2002), It 
is expected that discharges wall increase marginally in the short-term, but there is uncertainty as to 
the longer-term trend.

SIXEP is not designed to remove Sb-125 from feed liquor as part of its effluent treatment process 
and so no effective abatement takes place before discharge. Therefore the only means of reducing 
SIXEP Sb-125 discharges is to reduce the quantities in the feed to the plant

The main source of Sb-125 has historically been thought to be from FHP pond water, specifically 
from Tokai Mura fuel (see chart above). However a correlation between the Tokai Mura fuel 
operations (deliveries, end cropping), FHP operations (pond purge flowrate), SIXEP operations 
(bed changes, discharge flowrate) and SIXEP Sb-125 discharges has not been established and is 
being investigated further. Deliveries of Tokai Mura fuel were completed in August 2001 and the 
remaining end-cropping is due to be completed in 2002/03. I f  the Tokai Mura fuel were the main 
source o f FHP Sb-125, though this relationship has yet to be proved, it would be expected that the 
pond inventory should decrease with time due to nuclide decay (Sb-125 half life is 2.77 years). 
However, the Tokai end-crops will remain in FHP for a number o f years and could provide a 
significant source o f future Sb-125 release, especially during container re-ullaging (to reduce pond 
water activity) and during export for eventual encapsulation (for disposal).

It is not possible to curtail the pond water purge from FHP to reduce the Sb-125 feed to SIXEP as 
this will adversely affect operations throughout the Magnox spent fuel cycle. Reduction in pond 
purge will lead to increased concentrations o f FHP pond water activity and to higher radiation dose 
uptake. These issues will lead to increased fuel storage and decanning difficulties, and put at risk 
fuel deliveries to Sellafield. The overall environmental impact o f the Magnox business is 
minimised by prompt fuel deliveries from stations to Sellafield, pond storage in ullaged/reullaged 
containers, and timely decanning/reprocessing. It is vital therefore that SIXEP operations are not 
constrained.

It is BNFL’s opinion that the uncertainties still surrounding the magnitude o f future Sb-125 liquid 
discharges do not allow a pragmatic numerical limit to be set. These uncertainties cannot be 
rapidly resolved and the most sensible course of action would therefore be to monitor discharges 
and carry out further investigations until the situation is better understood.

An additional consideration is that the environmental impact of Sb-125 liquid effluent discharges 
is not great Discharges at the proposed limit contribute less than 1% to the total dose from marine 
discharges to the local critical group and so a realistic increase in the proposed Sb-125 limit would 
not have a significant environmental effect.

To summarise, the proposed site . Sb-125 liquid effluent discharge limit is inadequate and 
inappropriate for the following reasons:
• Future discharges o f Sb-125 from site cannot be accurately predicted given current 

uncertainties, therefore the introduction o f numerical limits is not appropriate at this point of 
time.

• The limit is close to current SIXEP Sb-125 discharge levels.
• SIXEP is not designed to abate Sb-125 discharges.

Sellafield R S A93 Review 
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• Sb-125 feed to SIXEP cannot be restricted due to the overall impact it will have on FHP pond 
water activity and operator dose uptake. There will be a negative environmental effect if 
operations are constrained.

Please would you consider these points in your current review of authorisation discharge limits. 

Yours sincerely,

R G Morley
Manager, Environmental Discharges Strategy Group 
Copied to Regulatory Liaison Office B113
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Dr D Ferguson 
Environment Agency 
Ghyll Mount 
Gillan Way
Penrith 40 Business Park
Penrith
Cumbria
CA11 9BP

Your ref:

e-mail:

john.s.clarke@bnfl.com

Our ref: EA/02/2924/02

Direct tel: 019467 74250 
Direct fax: 019467 74552

26 April 2002

Dear Dr Ferguson

Sellafield Authorisations Review -  Response to Resource Im pact Assessment

Please find attached two documents providing our formal response to the resource impact 
assessment carried out by RM Consultants on behalf of the Agency. The main document contains 
detailed financial analysis necessary to underpin and explain our conclusions. We consider this 
information commercially sensitive both to ourselves and our customers and is provided to enable 
RM Consultants to carry out their resource impact assessment only. We have, therefore, marked 
this document ‘BNFL Commercial — Authorised Distribution Only’. It is not to be passed or 
copied to any other party without the express written consent o f BNFL.

We have also provided a summary document highlighting the key points arising from the detailed 
analysis. This document has no markings and we are content for it to be used more widely.

Yours sincerely

John Clarke
Head of Environment, Health, Safety and Quality 
B582/3

Encs

Copied to:

Regulator Liaison

Sellafield RSA93 Review 
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RSA 93 Sellafield Authorisations Review -  Resource Impact Assessment 

Summary

• I d response to the series of questions raised by the Agency’s consultants, we 
estimate the resource impact to be a minimum added cost of £160M, with 
potential for further very substantial costs.

• Operation of some of BNFL's plants will be constrained.

• The implied "value of a life saved”, using conventional assessment methods, 
is a minimum of £20M.

• The resource impact on BNFL appears grossly disproportionate to the 
environmental benefits.

Introduction

In December 2001, the Agency contacted BNFL with a request for further 
information, which would support a “Resource Impact Assessment”. This 
assessment, it was hoped, would establish the implications for BNFL in terms of cost 
and manpower. The assessment was to be carried out by RM Consultants on behalf o f 
the Agency, with an agreed completion date of late April 2002.

This letter consolidates and completes BNFL’s response. The information is 
structured in a way that summarises each of the key impacts of the Agency’s 
proposals as follows:

• Summary of proposals which could restrict operations
• Summary of proposals affecting sampling/analytical/administration requirements
• Summary of miscellaneous proposals and resultant impacts
• Impacts not identified by RM Consultants
• Non-cost impacts

Proposals which Could Restrict Operations

We have taken the following into consideration in assessing the impact on planned 
operations:

• the integrated nature of the site, eg use of common effluent treatment and support 
facilities that have a “knock on” effect on upstream plants.

• the structure of the Authorisation, ie numbers of limits and compliance 
requirements, type of limits, the discharges to which limits apply and the 
magnitude of limits

• uncertainty in predicting discharges for up to nine years into the future, eg in 
plant which has not yet operated to its design capacity.

Sellafield R S A9 3 Review  
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It has not been possible to predict the effect of significant changes to future
operations as a result o f  the Historic Waste Management review, which could have m
the effect o f significantly altering future discharge profiles. |

Taking the above into consideration, we have only been able to quantify the potential ■
impact o f the Agency’s proposals on some key plants. The estimated impact of the I  
Agency’s proposals, in terms of additional cost, on a "lifetime-of-the-plant" basis and
assuming the Agency’s proposals remain in place, is an added cost of at least £120M. I
It is important to note that this is an absolute minimum cost estimate and that the ■  
analysis shows other cost estimates higher than this by more than an order of
magnitude (particularly if  new capital investment is required). I  

There may also be an impact on a range of waste treatment facilities and
decommissioning operations at Sellafield, but these impacts are problematic to assess I
with comparable confidence. The potential cost could amount to several £Ms per
year. —

The extent o f the Agency’s proposals is such that quantification of the costs
associated with the proposed limits has required significant professional-technical _
judgement. This judgement has quite purposely derived figures at the low end of the I  
potential cost range.

Sampling/Analysis/Administration Summary I

A number o f the Agency’s proposals for the new Authorisation relate to sampling and m
monitoring requirements, along with subsequent analysis and administration of data I  
(collection, collation, reporting and storage).

The Agency’s proposals however will result in BNFL having to invest some I  
additional time and effort to ensure compliance with the new Authorisation. For a
four year period between this review and the next, the minimum added cost is »
estimated to be £2.4M. I

Miscellaneous Issues Sum m ary m

Several o f the proposals for the next Authorisation have been categorised as
“miscellaneous issues” to facilitate this response. The miscellaneous issues include ■
such requirements as the provision of reports, requirements to investigate or pursue |  
additional abatement and alterations to the existing environmental management
structure, although the majority of the costs are associated with plant operations. The ■
minimum added cost is estimated to be £40M. I

Inform ation Concerning Additional Costs to BNFL Not Requested by RM  ■
Consultants ■

Re-Authorisation Process I

The re-authorisation process in relation to Sellafield was initiated in 1999, and work
has been carried out continuously by BNFL staff since then. Provision of information I
to, and liaison with, the Agency has been an integral part of producing the new ®

Sellafield R SA93 Review |  
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Authorisation. Extensive amounts of information have been produced by BNFL to 
support the new Authorisation, in part due to the scope of the review. The minimum 
added cost is estimated to be £3.4M.

Overview of Non-cost Impacts

W orker Dose Justification for prospective radiation exposure of
workers is an important consideration for BNFL. 
Minimisation of that exposure, as far as reasonably 
practicable, is both an expectation within the 
company and a requirement of law. These are 
relevant considerations whether in the context o f 
new build, plant modification, or plant-life 
extension.

Non Radioactive Discharges No information has been sought concerning the
impact of non-radio active discharges and therefore 
potential environmental impact has not been 
considered.

Other impacts No information has been sought concerning the
impact of the proposals on materials use, energy use, 
transport, flora and fauna - particularly relevant 
considerations when construction activities are 
contemplated.

Conclusion

Cost benefit analysis o f environmental benefits

The maximum reduction in collective dose (calculated conventionally for the World’s 
population over 500 years) from the Agency’s proposals is projected to be 
130 man-Sievert. The minimum cost of implementing the Agency’s proposals is 
estimated to be £160M giving an absolute minimum implied value of a life “saved” 
through implementing these proposals of £20M.

Most of the projected reduction in collective dose (>95%) would be experienced by 
any particular individual as a tiny decrease to mortality risk at around 1 in a billion 
per year. Such a risk is well below that typically regarded as significant for regulatory 
or policy purposes.

The “implied value of a life” is extremely sensitive to any truncation o f risk at 
extremely low dose levels. For example, if individual doses o f  less than 
10 microSievert are excluded from this assessment than the “implied value o f a life” 
from the Agency’s proposals increases from £20M to £8000M.

Consequently BNFL considers the impact of the Agency’s proposals to be grossly 
disproportionate to environmental benefits.

Page 3 of 3
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BNFL 1 British N uclear Fuels pic

Sellafield
Seascale
Cumbria CA20 1 PC 
Tel: 019467 28333 
Fax: 019467 28987 
Telex: 64237

Dr MR Emptage 
Environment Agency 
Ghyll Mount 
Gillan Way
Penrith 40 Business Park,
Penrith
Cumbria
CA11 9BP

Direct tel: 019467 73405

Directfax: 019467 74707 
e-mail:

Your ref:

Our ref. EA/01/2532/04, 
DDST/02/0321

30 April 2002
Dear Dr Emptage

FUTURE RADIOACTIVE DISCHARGES AND BUSINESS REQUIREMENTS FOR FUTURE 
DISCHARGE LIMITS

As you will be aware, BNFL has provided Agency with significant amounts of information over recent 
months, much of which supported revised maximum operating level discharge estimates and associated 
Business Requirements for limits figures. In addition, BNFL staff have held meetings with Agency to 
further explain concerns relating to proposed discharge limits. It is hoped that the information contained in 
the documents listed below, and the knowledge shared at these meetings, has been sufficient for Agency to 
understand the basis for the figures supplied by BNFL,

• BNFL’s response to the public consultation on the Sellafield Discharges Review
• EA/01/2532/01 - Justification of BNFL’s Business Requirement Figures
• EA/01/2532/02 - Comments on the Environment Agency’s Methodology for the Setting of Limits as 

Detailed in the Explanatory Document
• EA/01/2532/03 - Additional Information on Magnox, FHP and SIXEP

In addition to the information supplied above, BNFL also believes that the discussions relating to the 
resource impact assessment, held during early 2002, along with the BNFL’s response on 26 April 2002, will 

; assist Agency in understanding BNFL’s concerns.

Following review of this information by Agency, BNFL is keen that Agency identify any instances in 
' 'which they believe insufficient information has been provided. If uncertainty surrounding BNFL’s figures 
still exists, then BNFL would welcome further discussion to resolve these issues. Without such guidance 
from Agency however, BNFL is unable to focus resources effectively to resolve outstanding issues.

BNFL would also like to reiterate its offer of reduced and more numerous limits, as provided at our meeting 
on 8 May 2001, and detailed in letters reference EA/01/1840/01 and EA/01/1898/02, provided to Agency 
on 17 May 2001 and 6 June 2001 respectively. By adopting such an approach, BNFL believes that 
significant reductions in discharge limits could be achieved, but would not result in serious constraints to 
site operations.
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Yours sincerely

R G MORLEY
Manager - Discharges & Disposals Strategy Team 
B407

Copied to: Regulator Liaison Office, B113
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BNFL B ritish N u c le a r Fuels pic

Sellafield
Seascale
Cumbria CA20 1PC 
Tel: 019467 28333 
Fax: 019467 28987 
Telex: 64237

Dr M R Emptage 
Environment Agency 
Ghyll Mount 
Gillan Way
Penrith 40 Business Park
Penrith
Cumbria
CA11 9BP

Dear Dr Emptage,

Sellafield Authorisation Review: Final Update of Past Disposal Information

In response to your letter of 8 November 2001, and further to our responses dated 21 December 
2001 and 14 January 2002, the enclosed disk contains the remaining updated information on 
monthly aerial and liquid discharges from the Sellafield site up to December 2001 . Additionally the 
tables below give updated disposal information for 2000 and 2001 for solid disposals on the 
premises of BNFL Sellafield and by transfer to Drigg.

Table 1: Calder Hall: Historic Annual Disposals from Sellafield to Drigg (2000 - 2001)
Radionuclide Radioactivity 

Disposed (TBq)
2000 2001

H-3 O.OOE+OO 7.82E-04
C-14 0.00E+00 3.96E-05
Co-60 3.25E-02 3.07E-03
1-129 O.OOE+OO 1.28E-05
Ra-226 + Th-232 O.OOE+OO O.OOE+OO
Uranium O.OOE+OO 1.29E-07
Alpha emitters O.OOE+OO 0.00E+00
Others 3.58E-02 3.58E-02
Volume (mJ) 1.97E+01 8.57E+01

* Note that this data is provided to the Agency to facilitate trending. It has not been exhaustively error checked and the 
Agency should rely on the discharge information provided in the official reports rather than the data in the attached 
spreadsheets.

Registered in England no. 1 0 0 2 6 0 7  
Registered office:
Risley Warrington Cheshire W A 3  6 AS
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Table 2 : Magnox Operations and Service Plants: Historic Annual Disposals from Sellafield to 
P rigg  (2000 - 2001)_________________
Radionuclide Radioactivity 

Disposed (TBq)
2000 2001

H-3 4.8 3 E-03 2.81E-03
C-14 1.90E-04 3.01E-05
Co-60 6.81 E-03 3.18E-03
1-129 9.03E-06 1.22E-05
Ra-226 + Th-232 5.66E-04 1.99E-04
Uranium 1.98E-02 9.58E-03
Alpha emitters 9.25E-03 2.74E-03
Others 3.93E-01 2.05E-01
Volume (m3) 1.99E+03 1.84E+03

Table 3: Magnox Decommissioning: Historic Annual Disposals from Sellafield to Drigg (2000 - 2001
Radionuclide Radioactivity 

Disposed (TBq)
2000 2001

H-3 2.01 E-03 6.68E-04
C-14 9.79E-04 2.03E-04
Co-60 6.46E-04 1.48E-03
1-129 3.46E-07 1.60E-07
Ra-226 + Th-232 5.62E-05 2.14E-07
Uranium 8.47E-03 7.84E-04
Alpha emitters 5.59E-03 1.47E-02
Others 2.67E-01 6.38E-01
Volume (mJ) 1.15E+03 1.22E+03

Table 4: T horp plants: Historic Annual Disposals from Sellafield to Drigg (2000 - 2001)
Radionuclide Radioactivity 

Disposed (TBq)
2000 2001

H-3 1.09E-03 1.35E-03
C-14 3.42E-04 5.28E-04
Co-60 3.52E-03 1.48E-02
1-129 4.63E-06 6.22E-06
Ra-226 + Th-232 O.OOE+OO 3.31E-06
Uranium 1.39E-02 3.55E-03
Alpha emitters 1.19E-03 6.85E-04
Others 1.29E-01 9.89E-02
Volume (mJ) 3.80E+02 3.91 E+02
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Table 5: UKAEA Windscale: Historic Annual Disposals from Sellafield to Drigg (2000 - 2001)
Radionuclide Radioactivity 

Disposed (TBq)
2000 2001

H-3 1.02E-04 6.00E-06
C-14 2.30E-05 0.00E+00
Co-60 7.40E-03 9.05E-03
1-129 O.OOE+OO O.OOE+OO
Ra-226 + Th-232 0.00E+00 0.00E+00
Uranium 8.90E-05 6.00E-06
Alpha emitters 3.95E-03 7.33E-04
Others 2.49E-01 1.47E-01
Volume (nr*) 6.09E+02 3.61 E+02

Table 6: External (Compactable); Historic Annual Disposals from Sellafield to Drigg (2000 - 2001)
Radionuclide Radioactivity 

Disposed (TBq)
2000 2001

H-3 6.67E-02 5.72E-02
C-14 7.05E-04 1.25E-03
Co-60 1.99E-02 1.39E-02
1-129 O.OOE+OO O.OOE+OO
Ra-226 + Th-232 9.20E-04 1.54E-04
Uranium 5.39E-03 9.14E-04
Alpha emitters 4.71 E-03 2.72E-03
Others 2.69E-01 1.90E-01
Volume (nr*) 8.59E+02 6.40E+02

Table 7 : Annual solid disposals by burial on the premises of BNFL Sellafield, 2000 - 2001
Year South Tip Calder Flood Plain Tip Total

(m3) Extension
(m3)

(m3)

2000 191 60 251
2001 107 67 174

In response to your telephone query regarding the updated information on monthly liquid discharges 
which was sent to you on 14 January 2002, we can offer the following:-

• Two figures in the updated information on liquid discharges from Thorp R&S (Ru-106 on 
September 1999 and uranium in April 1998) were flagged stating that the figures had been 
revised following identification of errors in the original data. Since BNFL has provided the 
corrected monthly discharge data in our official submissions of historic data for your full re
examination of Sellafield's discharge authorisations under RSA93, it is not deemed necessary to 
reissue statutory reports dating back two to three years.
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• Zero discharges were apparently reported for some discharges from Thorp DOG in April and 
Novem ber 2000. This effect is due to the precision of the spreadsheet; the discharges were in* 
fact very low  (all below 1 MBq). The EA are asked to rely on the figures quoted in the statutory! 
reports which are rounded in accordance with previous reporting structures.

BNFL has provided a large amount of historical discharge data dating back to 1994 for the purposesl 
o f the Sellafield authorisation review. This information was an additional requirement on BNFL 
over and above the statutory reporting requirements and was provided to the EA in such a form as to l  
facilitate their analysis o f the data. Compilation of this data is resource intensive and BNFL cannot® 
guarantee that transcriptional errors do not exist in this information. As noted above, BNFL 
therefore considers that the EA should rely on the discharge information provided in the statutory® 
(and non-statutory) discharge reports rather than the compiled data since the provision of this data isP 
essentially a duplication of effort.

A response to your letter dated 27 March 2002 (your reference: SEL/SR01/833) will follow shortly 
Any further information that you require can be discussed at our regular liaison meetings and 
provided as appropriate.

Yours sincerely

2 Q A-
R G Morley
Manager — Environmental Discharges Strategy Group 
B407/1

Enc. disk containing updated liquid and aerial monthly discharge information (October - December 
2001) in Excel files titled as below :-
• Non-statutory liquid discharge data for October - December 2001
• Statutory liquid discharge data for October - December 2001
• Aerial discharge data for October - December 2001

Letter (not attachments) copied to: Regulator Liaison Office, B113
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STP: Historic Monthly Discharges (October - December 2001)

Year Month Alpha Beta C-14 Sr-90 Ru-106 1-129 1-131 Cs-137 Pu-Alpha Pu-241 Am -241+Cm 242
MBq MBq MBq MBq MBq MBq MBq MBq MBq MBq MBq

2001 10 1.14E-02 9.46E-02 3.17E+03 5.91 E-02 1.12E+00 5.20E+01 1.05E+01 7.98E-02 2.09 E-03 1.77 E-03 1.24 E-02
11 1.44E-02 8.48E-02 4.27E+03 5.06E-02 8.24E-01 5.57E+01 9.33E+00 4.68E-02 1.96E-03 2.21 E-02 1.20E-02
12 1.40E-02 7.44 E-02 3.62E+03 4.66E-02 8.44E-01 7.23E+01 1.06E+01 4.00E-02 1.75E-03 5.18E-03 1.09E-02

Sellafield RSA93 Review l
Main Review Decision Document Aerial Discharge data for October - December 2001

Supporting Information 
22



B204 Stack: Historic.Monthly Discharges (October - December 2001)

Year Month Alpha Beta H-3 C-14 Kr-85 Sr-90 Ru-106 1-129 1-131 Cs-137 Pu-Alpha Pu-241 Am-241+Cm242

MBq MBq MBq MBq MBq MBq MBq MBq MBq MBq MBq MBq MBq

2001 10 3.42E-01 2.42E+00 3.07E+07 2.75E+04 3.03E+09 1.03E-01 2.97E+00 4.72E+02 1.33E+01 4.38E-01 1.59E-01 0.00E+00 2.84E-01
11 3.65E-01 3.21 E+00 2.21 E+07 1.58E+04 2.39E+09 6.94E-02 6.88E+00 4.63E+02 9.33E+00 4.21 E-01 1.64E-01 1.05E+00 3.15E-01
12 4.22E-01 3.15E+00 2.80E+07 2.93E+04 2.79E+09 1.25E-01 2.83E+00 4.06E+02 1.14E+01 4.91 E-01 1.21 E-01 6.57E-01 3.69E-01

Sellafield RSA93 Review
Main Review Decision Document

Supporting Information
Aerial discharge data for October - December 2001



B230 Stack: Historic Monthly Discharges (October - December 2001)

Year Month Alpha Beta Sr-90 1-131 Cs-137 Pu-Alpha Pu-241 Am-241+Cm242
MBq MBq MBq MBq MBq MBq MBq MBq

2001 10 1.89E+00 1.45E+01 8.86E-01 1.84E+00 8.75E-01 3.87 E+00 1.14E+00
11 2.06E+00 1.39E+01 8.68E-01 1.46E+00 9.61 E-01 6.98E+00 1.01 E+00
12 1.73E+00 1.16E+01 1.04E+00 2.57E+00 1.07E+00 9.09E+00 1.16E+00

Sellafield RSA93 Review
Main Review Decision Document A e r i g J  d i s c h a r g e  data for October - December 2001

Supporting Information 
22



WVP Stack: Historic Monthly Discharges (October - December 2001)

Year Month Alpha Beta C-14 Sr-90 Ru-106 1-129 1-131 Cs-137 Pu-Alpha Pu-241 Am-241 +Cm242

MBq MBq MBq MBq MBq MBq MBq MBq . MBq MBq M Bq

2001 10 2.71 E-02 3.01 E-01 3.61 E+03 1.62E-01 4.18E+01 1.95E+00 9.52E+00 2.16E-01 6;03E-03 9.06E-03 2.26 E-02

11 3.23E-02 2.80E-01 4.68E+03 2.76E-01 3.96E+01 1.57E+00 7.96E+00 2.38E-01 7.14E-03 3.71 E-02 2.33E-02

12 3.85E-02 3.07E-01 1.32E+04 3.55E-01 4.35E+01 2.75E+00 9.29E+00 1.80E-01 8.41 E-03 8.12E-02 2.74E-02

Sellafield RSA93 Review 
Main Review Decision Document 

S upporting information 
■ *  ■ ■  2JBB ■ ■

Aerial Discharge data for October - December 2001



MEP Stack: Historic Monthly Discharges (October - December 2001)

Year Month Alpha Beta Sr-90 Ru-106 Cs-137 Pu-Alpha A m -241+ C m242
MBq MBq MBq MBq MBq MBq MBq

2001 10 4.13E-03 1.34E-01 2.24E-02 4.82E-01 1.90E-02 8.64E-04 5.05E-03
11 4.44E-03 2.85E-01 1.75E-02 4.41 E-01 3.13E-02 7.23E-04 2.86E-03
12 5.19E-03 2.00E-01 2.37E-02 3.61 E-01 2.27E-02 8.27 E-04 4.34E-03

Sellafield RSA93 Review 
Main Review Decision Document Aerial discharge data for October - December 2001 

Supporting Information 
22



W EP Stack: Historic Monthly Discharges (October ■ December 2001)

Year Month Alpha Beta C-14 Sr-90 Ru-106 1-129 Cs-137 Pu-Alpha Am -241+Cm 242

MBq MBq MBq MBq MBq MBq MBq MBq MBq

2001 10 9.30E-02 7.21 E-01 2.18E+03 5.19E-01 9.80E+00 3.59E+00 6.27E-01 9.98E-03 5.26E-02
11 8.43E-02 7.26 E-01 1.99E+03 4.99E-01 1.02E+01 4.27E+00 3.84E-01 8.81 E-03 5.36 E-02

. 12 1.03E-01 7.18E-01 1.39E+03 5.28E-01 1.01E+01 8.09E+00 5.09E-01 9.18E-03 5.19E-02

Sellafield RSA93 Review 
Main Review Decision Document

Aerial discharge data for October - december 2001



B38 Third Extension Stack: Historic Monthly Discharges (October - December 2001)

Year Month Alpha Beta Sr-90 Cs-137 Pu-Alpha Pu-241 Am-241+Cm242

MBq MBq MBq MBq MBq MBq MBq
2001 10 8.08E-03 8.34E+00 2.25E-01 1.07E+01 1.86E-03 9.53E-03 6.83E-03

11 5.96E-03 7.42E+00 2.73E-01 9.23E+00 1.50 E-03 1.54E-02 5.85E-03
12 4.71 E-03 5.75E+00 1.25E-01 7.81 E+00 9.64E-04 8.01 E-03 4.50E-03

Sellafield RSA93 Review 
Main Review Decision Document Aerial discharge data for October -  December 2001 

Supporting Information 
22



FHP Stack: Historic Monthly Discharges (October - December 2001)

Year Month Alpha Beta Sr-90 Sb-125 Cs-137 Pu-Alpha Pu-241 Am-241+Cm242
MBq MBq MBq MBq MBq MBq MBq MBq

2001 10 4.55E-02 1.08E+01 3.85 E-01 1.11 E+02 8.11 E+00 3.32 E-02 5.68E-01 5.49 E-02
11 4.51 E-02 6.03E+00 2.17E-01 2.78E+01 4.52E+00 3.39 E-02 1.05E-01 7.18E-02
12 4.28E-02 4.52E+00 1.74E-01 1.34E+01 4.64E+00 3.98 E-02 0.00E+00 7.01 E-02

Sellafield RSA93 Review
Main Review Decision Document Aerial discharge data for October - December 2001

S U D D o r t i  n gInform ation



SIXEP Stack: Historic Monthly Discharges (October - December 2001)

Year Month Alpha Beta Sr-90 Cs-137 Pu-Alpha Pu-241 Am-241+Cm242
MBq MBq MBq MBq . MBq MBq MBq

2001 10 7.36E-03 1.50 E-01 4.12E-02 4.10E-02 1.53 E-03 1.11E-04 8.66E-03
11 1.04E-02 1.90E-01 4.21 E-02 2.62E-02 1.67 E-03 0.00E+00 9.45E-03
12 1.14E-02 2.46E-01 5.29E-02 5.82E-02 2.33E-03 1.63E-02 1.07E-02

I

i

Sellafield RSA93 Review 
Main Review Decision Document Aerial discharge data for October -  December 2001 

Supporting Information 
22



B38 Second Extension Stack: Historic Monthly Discharges (October - December 2001)

Year Month Alpha Beta Sr-90 Cs-137 Pu-Alpha Pu-241 Am-241+Cm242

MBq MBq MBq MBq MBq MBq MBq

10 5.61 E-03 8.10E+00 5.17E-01 9.51 E+00 1.87 E-03 9.88E-03 7.23E-03

11 5.29E-03 1.45E+00 4.40E-02 1.96E+00 8.31 E-04 O.OOE+OO 4.88E-03

12 4.86E-03 6.84E-01 1.71 E-02 9.41 E-01 6.77E-04 0.00E+00 3.96 E-03

Sellafield RSA93 Review 
Main Review Decision Document Aerial discharge data for October - December 2001



B30 Stacks: Historic Monthly Discharges (October - December 2001)

Year Month Alpha Beta Sr-90 Sb-125 Cs-137 Pu-Alpha Pu-241 Am-241+Cm242
MBq MBq MBq MBq MBq MBq MBq MBq

2001 10 6.41 E-02 8.28E-01 2.12E-01 2.16E+00 1.22E+00 4.80E-02 O.OOE+OO 9.12E-02

11 • 5.90E-02 4.53E-01 1.96E-01 1.88E+00 9.20E-01 4.82E-02 0.00E+00 1.11 E-01
12 4.99 E-02 4.25E-01 1.45E-01 1.53E+00 8.27E-01 5.08 E-02 1.61 E-02 7.09E-02

Sellafield RSA93 Review 
Main Review Decision Document Aerial discharge data for October 

Supporting Information 
22

December 2001



MBGWS Stack: Historic Monthly Discharges (October - December 2001)

Year Month Alpha Beta Sr-90 Sb-125 Cs-137 Pu-Alpha Am-241+Cm242

MBq MBq MBq MBq MBq MBq MBq

10 1.24 E-03 1.11 E-02 6.73E-03 3.68E-02 4.41 E-03 2.53E-04 1.40E-03

11 1.29E-03 8.52E-03 5.08E-03 3.06E-02 5.93E-03 1.97E-04 1.23E-03

12 1.98E-03 1.23E-02 8.18E-03 6.69E-02 8.23E-03 3.51 E-04 2.48E-03

Sellafield RSA93 Review
Main Review Decision Document Aerial discharge data for October - December 2001
___ SuDDortina Information



Calder Hall: Historic Monthly Discharges (October - December 2001)

Year Month Beta H-3 C-14 S-35 Ar-41 Co-60
MBq MBq MBq MBq MBq MBq

2001 ^ 10 2.00E+00 2.80E+05 2.51 E+04 1.08 E+04 1.38E+08 1.10E+00
11 1.00E+00 1.71E+05 1.34E+04 4.63E+03 5.84E+07 7.00E-01
12 1.00E+00 2.05E+05 7.57E+03 3.70E+03 1.62E+07 4.00E-01

Sellafield RSA93 Review 
Main Review Decision Document Aerial discharge data for October - December 2001

Supporting Information 
22



Th o rp  Stack: Historic Monthly Discharges (O ctober -  December 2001)

Year Month Alpha Beta H-3 C-14 Kr-85 Sr-90 Ru-106 1-129 1-131 Cs-137 P u-A lpha Pu-241 Am -241+Cm 242

MBq MBq MBq MBq MBq MBq MBq MBq MBq M Bq MBq M Bq MBq

10 3.10E-01 1.76E+00 3.63E+05 2.13E+03 9.62E+08 1.17E+00 3.83E+01 4.29E+02 1.08E+00 4.84E-02 1.91 E-03 2.81E-01

11 2.60E-01 2.00E+00 1.56E+06 4.32E+03 6.26E+09 1.14E+00 3.33E+01 5.12E+02 9.00E-01 4.00E-02 O.OOE+OO 2.50E-01

12 3.10E-01 2.00E+00 4.05E+06 2.19E+04 1.63E+10 1.17E+00 3.60E+01 1.41 E+03 1.00E+00 4.00E-02 O.OOE+OO 2.50E-01

Sellafield RSA93 Review
Main Review Decision Document Aerial discharge data for O ctober -  D e cem be r 2001

upportina Information



EA -01 -2885-03;DDST-02-0324 Aerial discharge data for October - December 2001.xls

A p p r o v e d  P la c e s : H is t o r ic  M o n th ly  D is c h a rg e s

Year Month Alpha Beta
MBq MBq

10 4.4 5 E-02 2.36E+00
11 5.72E-02 3.65E+00
12 7.33E-02 4.89E+00

A p p r o v e d  P la c e s : H is to r ic  Q u a r t e r ly  D is c h a r g e s

Y e a r Q u a rte r A lp h a  B e ta  
M B q  M B q

2001 D ec-01 1 .7 5 E-0 1  1 .0 9 E + 0 1

Sellafield R S A 9 3  Review  
Main Review D ecision D ocu m ent 

Supporting Inform ation 
22

Approved Places Aerial discharge data for October - December 2001



THORP (D O G ): historic discharges of radionuclides not specified In the authorisation (October ■ December 2001)

Y e a r M o n th S -3 5 M n -5 4 Fe-55 Ni-63 Zn-65 Sr-89 Ru-103 A g -1 1 0 m Sb-125 P m -1 4 7 Eu-152 Eu-154 Eu-155 N p -2 3 7 C m - 2 4 2 C m - 2 4 3  ♦  2 4 4

GBq GBq GBq GBq GBq GBq GBq GBq GBq GBa GBq GBq GBq GBq GBq GBq
2001 10 4.00E-03 6.00 E-03 O.OOE+OO 1.30E-02 4.00E-03 1.00E-02 3.00E-03 5.00E-03 2.00E-03 O.OOE+OO O.OOE+OO

11 3.70E-02 2.90E-02 5.86E-03 1.2BE-01 1.40E-02 2.80E-02 2.10E-02 1.50E-02 4.00E-03 O.OOE+OO O.OOE+OO
12 7.87E-03 1.73E-03 1.54E-02 3.19E-03 2.99 E-03 1.50E-02 4.50E-02 1.84E-02 1.36E-01 0.3OE-O2 2.89E-01 1.78E-01 7.20E-02 1.80E-02 O.OOE+OO O.OOE+OO

NB - otily quarterly bnVk data is available for SOS, Mn-54, Fe-55, Ni-63 and Zn-65 
N/R "  no rcfttm

Sellafield RSA93 Review 
Main Review Decision Document 

Supporting Information
22 Is

Non-statutory Liquid discharge data for October -  December 2001 .xls



THORP Receipt & Storage : historic discharges of radionuclides not specified in the authorisation (October -  December 2001)

Year Month S-35 Mn-54 Fe-55 Ni-63 Zn-65 Sr-89 Ru-103 Ag-110m Sb-125 Pm-147 Eu-152 Eu-154 Eu-155 Np-237 Cm-242 Cm-243 ♦ 244
GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq

2001 10 1.77E+00 1.02E+00 2.14E+00 2.30E+00 8.90E-02 1.64E-01 1.23E-01 1.01 E-01 1.27E-01 1.00E-O3 2.00E-03
11 1.34E+00 4.66E-01 1.47E+00 1.66E*00 6.60E-02 2.28E-01 2.53E-01 9.90E-02 1.06E-01 3.00E-03 2.00E-03
12 1.49E+00 8.27E-01 2.07E-01 3.03E+01 2.12E+00 1.52E*00 1.35E+00 2.27E+00 3.62E+00 1.23E-01 4.85E-01 1.74E-01 1.77E-01 0.5OE-O2 2.00E-03 2.00E-03

NB - only quarterly bulk dBia is available for 5-35, Mn-54, Fe-55, Ni-43 and Zn-65 

N/R “  no return

Non-statutory Liquid discharge data for October -  December 2001 ,x!s

Sellafield RSA93 Review
Main Review Decision Document

Supporting Information



Laun dry and la goon : historic discharges of radionuclides not specified in the authorisation (October -  Decem ber 2001)

Year M onth . Np-237 
GBq

Cm -242
G B q

C m -243 + 244 
G Bq

2001 10 3.82E-04 1.42E-05 3.49E-04

11 9.83E-03 1.47E-03 1.76E-04

12 2.40E-04 2.01 E-04 1.99E-04

N/R "  no return

Sellafield R S A 9 3  Review
Non-statutory Liquid discharge data for October - December 2001 .x!s Main Review D ecision D o cu m en t

Supporting Inform ation 
22



Non-statutory Liquid discharge data for October -  December 2001 .xls

SIXEP : historic discharges of radionuclides not specified In the authorisation (October • December 2001)

Year Month S-35 Mn-54 Fe-55 Ni-63 Zn-65 Sr-89 Ru-103 Ag-110m Sb-125 Pm-147 Eu-152 Eu-154 Eu-155 Np-237 Cm-242 Cm-243 ♦ 244

GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq
2001 10 9.42E+00 5.47E+00 2.68E+00 1.35E+03 3.29E+01 7.68E-01 1.18E+00 9.84E-01 6.79E-01 4.59E-01 8.70E-02

11 1.12E+01 4.74E+00 2.77E+00 7.95E+02 1.93E+01 3.55E+00 8.96E-01 8.60E-01 5.34E-01 2.77E-01 5.70E-02
12 2.49E+01 3.13E+00 2.06E+00 9.39E+00 2.92E+00 4.88E+00 6.27E+00 2.BQE+00 1.50E+03 2.69E+01 1.16E+00 2.00E+00 1.21E+00 3.95E-01 4.17E-01 8.40E-02

NB • only quarterly bulk data is available Tor S-35, Mn-54, Fe-55, Hi-63 and Zn-65

Non-statutory Liquid discharge data for October * December 2001.xls

Sellafield RSA93 Review 
Main Review Decision Document



Non-statutory Liquid discharge data for October -  December 2001.xls

SETP : historic discharges of radionuclides not specified in the authorisation (October 'D ecem ber 2001)

Year Month S-3S Mn-54 Fe-55 Ni-63 Zn-65 Sr-89 Ru-103 Ag-110m Sb-125 Pm-147 Eu-152 Eu-154 Eu-155 Np-237 Cm -242 Cm -243 ♦ 244

GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq
2001 10 6.20E+00 3.28E+00 1.21E+00 1.01E+01 2.17E+01 4.35 E+OO 5.21 E+00 1.71E+00 1.36E-KK) 3.48E-01 1.62E-01

11 8.86E+00 3.15E+00 1.84E-KK) 1.03E+01 2.S6E+01 4.64E+00 1.77E+00 1.84E+00 1.76E+00 2.24E-01 1.87E-01

12 5.43E+00 6.67E-01 6.87E+00 8.74E+00 1.43E+00 5.27E+00 3.94E+00 1.84E+00 1.18E+01 2.29E+01 1.66E+01 3.70E+00 3.34E+00 2.06E+00 4.00E-01 1.42E-01

NB - only quarterly bulk data is available for S-35, Mn-54, Fe-55, Ni-63 and Zn-65 

NB - includes discharges from sea tanks during 1994.

Non-statutory Liquid discharge data for October * December 2001 .xls

Sellafield RSA93 Review 
Main Review Decision Document 

Supporting information 
22



Non-statutory Liquid discharge data for October - December 2001.xls

EARP Concentrates : historic discharges of radionuclides not specified in the authorisation (October -  December 2001)

Year Month Mn-54 Fe-55 Ni-63 Zn-65 Sr-89 Ru-103 Ag-110m Sb-125 Pm-147 Eu-152 Eu-154 Eu-155 Np-237 Cm-242 Cm-243 + 244

GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq

2001 10 2.81 E+01 1.43E+00 2.30E-01 4.33E+00 1.49E-01 1.15E-01 2.19E-01 1.00E-01 1.67E-01 3.00E-03 2.00E-03
11 1.02E+01 2.30E-01 9.97E-02 1.04E+00 6.40E-02 1.80E-01 7.00E-02 8.00E-02 1.92E-01 2.00E-03 1.00E-03
12 3.96E-01 5.08E-01 3.01 E+00 5.54E-01 7.68E+01 3.27E+00 7.10E-01 9.59E+00 1.73E-01 1.33E+00 6.11E-01 2.39E-01 3.36E-01 3.00E-03 2.00E-03

NB - only quarterly bulk data is available for Mn-54, Fe-55, Ni-63 and Zn-65; data for these isotopes includes data for EARP Bulks as they aie sampled as an EARP T otal 

N/R ”  no return

Non-statutory Liquid discharge data for October - December 2001 .xls

Sellafield RSA93 Review
Main Review Decision Document

Supporting Information



EA R P  Bulks : historic discharges of radionuclides not specified in the authorisation (October - December 2001)

Year Month Sr-89 Ru-103 Ag-110m Sb-125 Pm-147 Eu-152 Eu-154 Eu-155 Np-237 Cm -242 Cm-243 + 244
GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq

2001 10 1.26E+00 7.18E-01 1.30E+00 1.66E+00 4.96E-01 1.16E+00 7.79E-01 6.22E-01 7.22E-01 1.30E-02 5.00E-03
11 1.75E+00 8.56E-01 1.62 E+00 2.13E+00 9.18E-01 1.88E+00 3.12E+00 1.01 E+00 7.04E-01 9.00E-03 6.70E-02
12 1.58E+00 1.29E+00 1.02E+00 2.82E+00 2.52E+00 6.22E+00 3.99E+00 3.52E+00 5.76E-01 7.00E-03 6.00E-03

- data for Mn-54, Fe-55, Ni-63 and Zn-65 are included in EARP Concentrates as they are sampled as EARP Total.

Non-statutory Liquid discharge data for October - December 2001 .xls

Sellafield RSA93 Review 
Main Review Decision Document 

Supporting Information 
22



Factory sewer : historic monthly discharges (October - December 2001)

. Year Month H-3 Alpha Beta
G Bq GBq GBq

• 2001 10 2.00E+00 3.00E-03 4.00E-02

2001 11 9.00E-01 3.00E-03 2.00E-02

2001 12 6.00E-01 3.00E-03 3.00E-02

Sellafield R S A93 Review  
Main R eview  Decision D o cu m en t 

Su pporting Inform ation
22

Statutory Liquid discharge data for October * December 2001.xls



TH O R P (D O G ) : historic monthly discharges (October - December 2001)

Year Month H-3 C-14 Co-60 Sr-90 Zr+Nb-95 Tc-99 Ru-106 1-129 Cs-134 Cs-137 Ce-144 Pu-alpha Pu-241 Am-241 Alpha Beta-5 Uranium

G Bq G Bq GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq G B q G B q G B q G B q kg
2001 10 9.01E+00 5.62E+00 1.00E-03 4.00E-03 3.00E-03 7.00E-03 4.40E-02 8.47E+00 1.60E-02 1.33E+00 1.50E-02 O.OOE+OO 9.00E-03 1.00E-03 1.00E-03 1.43E+00 1.00E-03
2001 11 3.72E+01 3.12E+01 5.00E-03 1.80E-02 1.20E-02 2.00E-02 1.92E-01 1.93E+01 1.45E-01 9.33E+00 6.80E-02 1.00E-03 1.90E-02 1.00E-03 2.00E-03 5.70E+00 3.00E-03
2001 12 1.97E+02 4.78E+01 1.80E-02 8.40E-02 2.60E-02 3.30E-01 3.47E-01 8.31 E+01 5.67E-01 1.26E+01 1.32E-01 9.00E-03 1.52E-01 2.00E-03 9.00E-03 1.43E+01 5.00E-03

Statutory Liquid discharge data for October -  December 2001 .xls

Sellafield RSA93 Review
Main Review Decision Document

Supporting Information



T H O R P  Receipt & Storage : historic monthly discharges (October -  December 2001)

Year Month H-3 C-14 Co-60 Sr-90 Zr+Nb-95 Tc-99 Ru-106 1-129 Cs-134 Cs-137 Ce-144 Pu-alpha Pu-241 Am-241 Alpha Bota-5 Uranium
G B q G B q GBq G Bq G Bq GBq GBq G Bq GBq G Bq G Bq GBq G B q G B q G Bq G B q kg

2001 10 3.28E+00 3.55E-01 6.71 E+01 2.77E+00 4.12E+00 1.26E+00 9.99E+00 1.51E-01 1.38E+00 1.77E+01 2.55E+00 1.52E-01 4.48E+00 4.40E-02 1,11 E-01 6.40E+01 1.11E-01
2001 11 4.00E+00 2.88 E-01 2.90E+01 1.52E+00 2.50E+00 1.68E+00 5.92E+00 3.43E-01 1.05E+00 1.08E+01 1.35E+00 8.50E-02 2.38E+00 5.10E-02 7.60E-02 3.00E+01 9.10E-02
2001 12 4,61 E+00 3.84E-01 6.87E+01 2.02E+00 4.19E+00 1.09E+00 7.84E+00 4.86E-01 1.28E+00 9.61 E+01 3.08E+00 6.70E-02 1.83E+00 6.40E-02 6.20E-02 1.29E+02 1.02E-01

Statutory Liquid discharge data for October -  December 2001 .xls

Sellafield RSA93 Review 
Main Review Decision Document 

Supporting Information ,
22



Laundry and lagoon : historic monthly discharges (October - December 2001)

Year Month H-3 Co-60 Zr+Nb-95 Ru-106 Cs-134 Cs-137 Ce-144 Pu-alpha Am-241 Alpha Beta
GBq GBq GBq GBq GBq GBq GBq G Bq G Bq G Bq G B q

2001 10 3.14E+00 5.20E-02 1.29E-01 4.56E-01 5.70E-02 4.93E-01 3.20E-01 4.00E-03 9.00E-03 8.90E-02 1.26E+02
2001 11 8.69E-01 .3.90 E-02 7.50E-02 3.36E-01 3.80E-02 3.86E-01 1.76E-01 3.00E-03 5.00E-03 8.50E-02 9.26E+01
2001 12 7.91 E-01 4.00E-02 9.10E-02 3.58E-01 4.30E-02 3.05E-01 2.74E-01 2.00E-03 2.00E-03 8.40E-02 1.46E+02

Statutory Liquid discharge data for October - December 2001.xls
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SIXEP : historic monthly discharges (October -  December 2001)

Year Month H-3 C-14 Co-60 Sr-90 Zr+Nb-95 Tc-99 Ru-106 1-129 Cs-134 Cs-137 Ce-144 Pu-alpha Pu-241 Am-241 Alpha Beta-5 Uranium
G Bq GBq G Bq GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq GBq G Bq G Bq kg

2001 10 5.14E+03 2.26E+00 4.70E+00 5.17E+02 1.30E+01 6.91 E+00 2.32E+02 3.38E+00 1.90E+01 1.43E+02 3.09E+01 1.40E+01 4.80E+02 8.856-01 1.28E+01 2.09E+03 3.77E+00

2001 11 3.50E+03 2.08E+00 3.00E+00 2.71 E+02 1.12E+01 1.68E+01 1.62E+02 2.17E+00 2.76E+01 1.70E+02 2.41 E+01 1.17E+01 4.06E+02 6.34 E-01 1.20E+01 1.32E+03 5.11 E+00

2001 12 8.64E+03. 2.01E+00 5.16E+00 1.84E+02 1.53E+01 1.69E+01 2.63E+02 2.23E+00 1.34E+01 9.91 E+01 3.55E+01 2.69E+01 8.58E+02 8.79E-01 2.32E+01 1.51E+03 4.43E+00

Statutory Liquid discharge data for October - December 2001 .xls
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Sellafield RSA93 Review
Main Review Decision Document

Supporting Information ^
22



S E TP  : historic monthly discharges (October -  December 2001)

Year Month H-3 C-14 Co-60 Sr-90 Zr+Nb-95 Tc-99 Ru-106 M 29 Cs-134 Cs-137 Ce-144 Pu-alpha Pu-241 Am-241 Alpha Beta-5 Uranium
GBq G Bq G Bq GBq GBq GBq GBq GBq GBq G Bq GBq _ GBq G Bq G B q G B q G B q . kg

2001 10 2.15E+05 1.10E+03 1.43E+00 8.07E+01 6.18E+00 6.31 E+00 8.44E+01 7.67E+00 9.72E+00 2.83E+02 1.84E+01 6.41 E+00 1.83E+02 1.68E+00 7.54 E+00 6.08E+02 3.09E+01
2001 11 1.72E+05 8.44E+02 7.84E-01 7.39E+01 4.95E+00 8.87E+00 5.03E+01 1.08E+01 1.12E+01 1.99E+02 2.19E+01 3.78E+00 8.33E+01 2.11 E+00 5.75E+00 4.66E+02 4.10E+01
2001 12 6.03E+05 1.32E+03 1.94E+00 8.20E+01 5.78E+00 8.97E+00 8.76E+01 7.56E+00 1.03E+01 1.78E+02 2.57E+01 2.45E+00 6.49E+01 1.44E+00 4.02E+00 5.28E+02 3.40E+01

Statutory Liquid discharge data for October - December 2001 .xls
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EARP Bulks : historic monthly discharges (October • December 2001)

Year Month H-3 C-14 Co-60 Sr-90 Zr+Nb-95 Tc-99 Ru-106 1-129 Cs-134 Cs-137 Ce-144 Pu-a!pha Pu-241 Am-241 Alpha Beta-S Uranium
G Bq GBq GBq GBq G B q GBq GBq GBq G Bq GBq GBq G Bq GBq GBq G B q G B q kg

2001 10 2.40E+03 1.72E+00 3.65E+01 5.08E+01 2.40E+00 2.60E+02 5.89E+01 1.68E-01 8.29E-01 1.04E+01 2.03E+00 1.18E-01 4.10E+00 3.68E-01 2.81 E-01 4.86E+02 8.90E-02
2001 11 2.82E+03 1.85E+00 3.67E+01 5.91E+01 3.00E+00 3.04E+02 5.15E+01 4.64E-01 1.15E+00 3.09E+00 2.44E+00 1.65E-01 2.27E+00 3.66E-01 3.22E-01 5.82E+02 8.09E-01
2001 12 2.21E+03 2.11 E+00 1.26E+01 4.71 E+01 2.31 E+00 3.29E+02 8.89E+01 8.52E-01 9.96E-01 4.08E+01 3.27E+00 9.60E-02 2.38E+00 2.97E-01 3.35E-01 5.26E+02 9.19E-01

Sellafield RSA93 Review
Main Review Decision Document 
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EARP Concentrates : historic monthly discharges (October • December 2001)

Year Month H-3 C*14 Co-60 Sr-90 Zr+Nb-95 Tc-99 Ru-106 1-129 Cs-134 Cs-137 Ce-144 Pu-alpha Pu-241 Am-241 Alpha Beta-5 Uranium

GBq G Bq G Bq GBq GBq GBq GBq GBq GBq GBq GBq G Bq G B q G B q G B q G B q kg
2001 10 3.88E+02 4.B5E-01 1.20E-01 1.40E+03 5.39E-01 4.75E+03 9.23E+00 1.94E-01 6.44E-01 3.44E+02 4.96E+00 2.00E-02 3.38E-01 1.03E-01 4.30E-02 5.55E+03 1.10E-01

2001 11 1.11E+02 1.59E-01 4.80E-02 6.42E+02 2.51E-01 1.38E+03 1.59E+00 8.90E-02 8.60E-02 2.59E+01 9.47E-01 3.00E-02 3.13E-01 6.80E-02 2.70E-02 2.07E+03 7.00E-02

2001 12 1.34E+03 2.32E+00 3.17E-01 3.59E+03 1.56E+00 1.64E+04 1.90E+01 2.28E-01 1.15E+00 7.68E+02 1.12E+01 4.10E-02 4.45E-01 3.75E-01 6.80E-02 2.02E+04 2.96E-01

Statutory Liquid discharge data for October - December 2001.xls
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British Nuclear Fuels pic
Sellafield
Seascale
Cumbria CA20 IPG 
Tel: 019467 28333 
Fax: 019467 28987 .
Telex: 64237
Direct tel: 019467 74600 
Direct fax: 019467 74797

Dr D Ferguson 
Environment Agency 
Ghyll Mount 
Gillan Way
Penrith 40 Business Park
Penrith
Cumbria

e-mail:

Your ref: 019/02/171 
Our ref: EA/02/3290/03

2 May 2002

Dear Dr Ferguson 

Xenon Discharges

With reference to your letter Ref. 019/02/171 of 22nd March, we would like to make the following
comments:

The Principle of Minimising Exposures
• BNFL’s concerns with regard to potential krypton-85 recovery and storage at Thorp, has been 

discussed at length with the Agency and is focussed around the absence of a clear justification 
that would support krypton-85 removal from a position of safety.

• The environmental impact of the krypton-85 is small and hence there is currently insufficient 
evidence to justify the removal of krypton-85 from Thoip.

• This has been reflected in a number of BNFL communications with the Agency and also in our 
recent Sellafield site authorisation review submissions, which included reports on best 
practicable means (BPM) and best practicable environmental option (BPEO) for krypton-85. 
The Agency’s Explanatory Memorandum document (Appendix 6, A6.344 ) also concluded that 
currently the BPEO for krypton-85 is to "dilute and disperse" it from a high stack

• BNFL has carried out a number of reviews, which indicate that scale up of pilot plant to the 
level necessary for Thorp, would introduce unjustified exposure risks to both workers and 
potentially members of the public from scenarios which may arise. These include the possible 
release of a large inventory of krypton-85 over a short timescale, at low level, which would 
result in a significant asphyxiation risk to the workforce and incur high doses to the workforce 
and local population.
As a matter of principle therefore, decisions on abatement are focussed on worker and public 
protection and the requirement to demonstrate BPM. Whilst other factors beyond technical 
feasibility and safety can be considered in weighing up these arguments, they should not be 
used to lead the unwary into implementing steps without clear benefit.

Sellafield R SA93 Review
Main Review Decision Document
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• In future, national decisions on the implications of contemplating disposal or storage of the 
resultant krypton-85 legacy waste will become a matter for the Liabilities Management 
Agency to consider, again on commercial and safety terms.

The key question the RM Consultants (RMC) Ltd xenon report omits is: "If BPM for krypton-85 is 
to "dilute and disperse" under controlled limits, then what further improvement in worker and 
public safety would be gained by insisting on steps to recover and store the gas driven by potential 
sales o f xenon?"

If  the Agency accept the case that krypton-85 recovery is not justified from a position of BPM, 
then the report can only be used to debate possible refinements to the costs of one part of the 
process.

Business Issues raised by the RMC report
•  The document makes a number of claims, which could be used to optimise the costs of a liquid 

air type plant These claims are largely speculative at this stage and it is not clear whether the 
thrust of the arguments made (that there is a growing market for xenon as a speciality gas) 
would either
materialise as claimed in the report,

- be attractive to BNFL, for which this would only ever be an untested non-core venture, in an 
unfamiliar market dominated by speciality gas producers.

•  Whilst these points could be debated at length, BNFL believe they must not become the focus 
of discussion, since the issue under discussion concerns the criteria for the removal, recovery 
and adequate storage of krypton-85 gas under commercial scale reprocessing. It is not clear 
whether the authors of the report believe that the impact of claimed improved cashflows based 
on projected xenon sales, would improve the problems o f treating this radioactive waste and 
managing the long term consequences of the liability created.

•  Comparisons with other radioactive plants such as those using molten salt reprocessing routes 
can be misleading, as the scale of these systems and the basis of design and worker protection 
philosophy will differ radically to Thorp. There was nothing presented to indicate that any of 
the problems associated with krypton-85 abatement had been tackled at a large scale and this is 
reflected by the approach adopted internationally e.g. at COGEMA La Hague which, like 
BNFL Sellafield, also favours "dilute and disperse".

Comments regarding specific Agency questions

1. Information available via archived records, indicates BNFL has been aware of the possible 
commercial value o f xenon gas, approximately since the end of 1994.

2. The possible commercial value of xenon gas was not recognised in the krypton-85 separation, 
retention programme and progress reports because:

• The commercial recovery of xenon gas and krypton-85 gas removal are two separate issues, 
which should not be mixed up. Even if BNFL could efficiently recover xenon and sell it at 
current market prices, krypton-85 recovery, storage and immobilisation presents major safety 
problems (the time lag alone (~ 7years) between building and commissioning the abatement 
plant makes cost recovery estimates from xenon gas sales speculative).

Sellafield R S A 9 3  Review H  
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• It would have been misleading of BNFL to give the impression that possible commercial value 
of any recovered xenon gas, would have any influence on the decision making process with 
regard to building a krypton-85 abatement plant. As previously communicated to the Agency, 
BNFLs’ decision not to build a krypton-85 abatement plant was mainly based on the absence 
of any technical way forward with regard to the safe immobilisation and storage of krypton-85, 
as well as concerns regarding the safe, reliable operation of Thorp.
The BNFL internal decision making process requires aH aspects of a project to be taken 
forward at the same pace e.g. detailed engineering studies should not be undertaken if there are 
still outstanding technical issues at a fundamental level.

3. Since its formation, BNFL have followed industry best practise and procedures, which require 
capital investment decisions to be based on lifetime costs. This was the case when the costs 
associated with constructing a Thorp krypton-85 abatement plant were considered during the 
‘Class C’ cost estimate, carried out by BNFL in 1995.
The cost of a cryogenic process would be significantly greater than for the Freon process 
detailed in the 'Class C’ cost estimate, due to requirements for additional scrubbers and 
absorbers to remove impurities from the off-gas, as well as intermediate bulk gas storage to 
provide a controllable flow to the rectification plant.

The ‘Class. C* estimate costs were re-examined by the Agency’s own consultants W. S. Atkins 
in 2001, as part of the Authorisations review process. We consider that the general conclusions 
of the review, in respect of the levels of costs required to construct a Thorp krypton-85 
abatement plant, are still valid.

Specific comments regarding the RMC report:
Section 3.6 paragraph 4 
First bullet
The dissolver-off-gas flow in Thorp is much higher than stated in the paper (~500m3/hr c.f. 
300m3/hr quoted by RMC paper) during periods of high reprocessing throughput of 5-7tU/day.

Second bullet
The safety hazards associated with a large loss of containment of krypton-85, has been understated 
e.g. a large inventory could be released over a short timescale at low level, which would result in a 
significant asphyxiation risk to the workforce and incur high doses to the workforce and local 
population.

Section 4.3
BNFL are not convinced that cryogenic separation of radioactive off-gases has been convincingly 
demonstrated anywhere that would compel BNFL to try and scale up the process to import the 
technology into Thoip. In addition, the Electro-metallurgical Fuel Conditioning Facility (FCF) at 
Argonne West National Laboratory (ANL(W)), recover their off-gas from molten salts 
reprocessing, which is a completely different process compared to Thorp reprocessing.

Third bullet
The RMC report does not specify the units for the FCF pilot plant material handling capacity 
compared to the Thorp throughput of 7t/day i.e. RMC have- quoted a figure of 5 tons (fuel 
inventory).
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Section 5.4 Market and public acceptability - Key Issue
BNFL doubt whether xenon gas obtained from a radioactive source would be acceptable to the 
public. A very high decontamination factor would have to be assured and consistently achieved. 
Even if acceptable decontamination could be achieved, BNFL doubt whether it would be 
acceptable to the public to use xenon from a radioactive source and especially not as an 
anaesthetic.

Section 6.3
RMC have not included figures for possible xenon recovery from shorter cooled fuel and AGR and 
BWR fuel.

Section 6.4 paragraph 3
The new BNFL front-end engineering process is termed FEL (Front End Loading) and not 
‘FEED’. FEED is the BNFL organisational unit, which applies FEL.

Section 6.7.2. paragraph 4, section 8 paragraph 1
BNFL and external industry experience is that engineering definition at FEL stage 1 is insufficient 
to give meaningful capital cost estimates. On this basis, a 'Class C' equivalent estimate for a 
cryogenic plant would not significantly enhance existing knowledge of anticipated cost levels.
The earliest stage at which a more rigorous cost benefit comparison could be made is at the end of 
FEL stage 2. Under the current FEL procedures used by BNFL, the krypton-85 removal project 
would fail at both the stages which precede the FEL stage 2 evaluation, due to the outstanding 
fundamental technical difficulties/problems and safety concerns associated with the project.

Other Points
1. Other hazards envisaged, but not quantified, with regard to cryogenic distillation include; 

potential formation o f ozone (explosive risks), possible corrosion problems associated with the 
decay daughter product rubidium, concerns regarding the long term stability of the storage 
medium and the environmental detriments incurred as a result of associated indirect pollution 
and energy consumption, following construction of a large removal and retention plant

2. Regarding the confusion as to whether RMC had unauthorised sight of a commercial document 
(now resolved), we do not think it correct that a report should be referenced unless it has been 
read by the contractor.

References

1. RSA 93, Explanatory Document proposals for the future regulation of disposals of radioactive 
waste from BNFL pic Sellafield, Environment Agency ISBN 1857056558.

Yours sincerely

R G Morley
Manager, Environmental Discharges Strategy
Site EHS&Q Group
B407/1
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OUR REF!
Yo u r  Rep:

H  May 2002

D E FR A
Department for 

Environment, Food 
& Rural Affairs

Sir John Harman 
Chairman
Environment Agency 
MiUbank Tower 
21-24 Millbank 
London SW1P 4XL

We met yesterday morning to discuss progress with the review of Sellafield radioactive discharge 
limits, and in particular the points raised in your letter to me of 16 April.

As you know, once the Agency has published its proposed decision* it will be for the Secretaries of 
State for Environment. Food and Rural Affairs and Health to decide whether they wish to exercise 
their powers of direction under the Radioactive Substanccs Act 1993, but in the meantime I am 
happy to offer my thoughts on Lhe approach that you intend to take.

Minimising headroom, discriminating between normal operational discharges and those resulting 
from decommissioning or dealing with the historic legacy of waste, and the application of plant 
limits as well as site limits are all consistent with the draft Statutory Guidance to the Agency on the 
regulation of discharges from nuclear licensed sites. I very much welcome, therefore, the steps the 
Agency is taking to apply these principles in the proposed decision.

You raised specific points with me about the new plant limits that you are proposing to introduce, 
in addition to the existing system or site limits. You explained the benefits that introducing these 
new limits with reduced headroom would bring, but pointed out that there may be occasions when 
for practical and safety reasons the Agcncy would need to vary the limits quickly. You were not 
proposing to T c fe r changes of plant limits to Ministers unless there would be a consequential effect 
on site limits- My view is that it should not be necessary to consult Ministers routinely about 
changes that affected plant limits alone but, of coutso , you will keep Ministers informed of the 

. changes that you make, in recognition of the fact that Ministers do have powers to intervene in the 
Agency’s decisions at any stage, if they think fit, and those powers would remain unchanged by 
your proposals.

I am copying this letter to Margaret Beckett^ar\d Alan Milbum.

o MICHAEL ME

INVESTOR IN PEOPLE
Sellafield R S A93 Review

Main Review Decision D o cu m en t
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Our ref: MRE/700/02 SEL/SR01/839 
Your ref: n/a A gency

Date 20 May 2002

Mr J S Clarke
Regulatory Liaison Office
Building B 113
British Nuclear Fuels Pic
Sellafield
Seascale
Cumbria
CA20 IPG

For the attention of M r R Morley

Dear Mr Clarke

DRAFT DECISION ON FUTURE SITE ANNUAL DISCHARGE LIMITS FOR 
SELLAFIELD

The Agency is keen to share its draft decisions on the future regulation o f  the Sellafield site 
with BNFL at the earliest time, in order that BNFL remains informed and has the opportunity 
to check factual accuracy. At the review progress meeting between Agency and BNFL, on 
the 3rd April 2002, the Agency provided BNFL with an overview of our draft decisions. 
Further to this, please find attached a table which compares the current, proposed and draft 
decision on site liquid and aerial annual discharge limits. These limits do not take account of 
your very recent letters regarding antimony-125 liquid discharges from SIXEP and aerial 
discharges from open fuel ponds.

These draft decisions has been discussed at a recent Agency Board meeting. Over the 
coming months the Agency will be checking these decisions, ensuring that we have covered 
all of the issues raised and drafting our decision document that will detail the reasons for any 
changes from the proposals contained in the consultation documents, of last year. I note that 
Dr Ferguson has provided BNFL with the relevant Agency Board papers, which are also 
available via our website.

The Agency is happy to discuss the draft decision with BNFL through the regular progress 
meetings, as we have done already. We are also happy to participate in separate meetings, if 
BNFL considers these are appropriate.

Cont/d...

Th e  Environm ent Agency
Ghyll M o u n t, Cillan Way, Penrith 4 0  Business Park, Penrith, C u m b ria  C A T  1 9BP 
Tel:-01 768 8 6 6 6 6 6  Fax: 01 768 8 65 606

Sellafield R S A93 Review 
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I refer to your letter dated 30th April 2002 (ref: EA701/2532/04, DDST/02/0321) which states 
that you are keen for us to identify any instances where we have received insufficient 
information. From this, I note that the Agency still awaits complete replies to our letters 
dated 8th November 2001 (ref: SEL/SR/01/658;MRE/659/01) & 27th March 2002 (ref: 
SEL/SR01/833). I would like to stress that this information is essential to allow us to 
complete our considerations regarding future discharge limits for the Sellafield site and 
would therefore ask that you ensure BNFL reply in full at the earliest possible time.

I am copying this letter to DEFRA, HSE and FSA for information.

Yours sincerely

DR M R  EMPTAGE
Process Industry and Radioactive Substances Regulation Inspector

cc Dr Andrew Macpherson, Radioactive Substance Division, DEFRA, 4/F3 Ashdown 
House, 123 Victoria Street, London, SW1E 6DE

Dr Mike Weightman, Nuclear Safety Directorate, HM Nuclear Installations 
Inspectorate, St Peters House, Balliol Road, Bootle, Liverpool, L20 3LZ

Mr Stuart Conney, Food Standards Agency, Room 701, Aviation House, 125 
Kingsway, London, WC2B 6NB

Sellafield R SA93 Review 
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Table 1: Comparison of tbe Current and Proposed Site Liquid and Aeriai Annual Discharge

T  "

1

Radionuclide
m

Liquid Limits (TB q/year) Aerial Limits (GBq/year) I
C urrent Limit/. 
Effective Limit

Decision Now 
and 

(Consultation 
proposal)

Reduction
Now
and

(Consultation
proposal)

(%)

Current 
Limit/ Effective 

Limit

Decision Now 
and 

(Consultation 
proposal)

Reduction | 
Now 
and

(Consultation I 
proposal) I 

(%)
'8 ‘itium 30,000 20,000 32 1,500,000 1,100,000 i y
Carbon-14 21 21 0 7,300 3,300 54 1
5jlphur-35 Not specified Not

specified
n/a 210 210 °

Argon-41
■

Not specified Not
specified

n/a 3,700,000 3,200,000 14 1

■>l>alt-60 13 2.7 (5.8) 79 (55) 0.92 0.17 82
Krypton-85
1

Not specified Not
specified

n/a 590,000,000 440,000,000 26

ffrontium-90 48 48 0 9.4 0.71 (0.68) 92 (93) |
Zirconium-95 + 
ftiobium-95

9 2.2 76 Not specified . Not 
specified

n/a 1

Technetium-99 90 90 0 Not specified Not
specified

n/a 1

|uthenium-106 63 63 0 56 28 (14) 50 (75)
Antimony-125 Not specified 15 New limit 5 2.3 (1.4) 54 (72)

dine-129 2 2 0 70 70 0
|>dine-131 Not specified Not 

— specified—
n/a 55 55 °

Jaesium-134 6.6 1.6 (1.3) 76 (80) Not specified Not
specified

n/a I

Caesium-137 75 34 55 18 5.8 (5.6) 68 (69)
£erium-144 8 3.1 (2.7) 61 (66) Not specified Not

specified
n/a I

Neptunium-237
|

Not specified 1 New limit Not specified Not
specified

n/a

Plutonium
alpha

0.7 0.7 0 1.2 0.19 (0.16) 84 (87)

f  lutonium-241 27 18 34 17 3.0 (2.9) 82 (83)
lkmercium-241 0.3 0.3 0 Not specified Not

specified
n/a

fturium-
^43+244

Not specified
0.069

New limit Not specified Not
specified

n/a 1

Amercium-241 
ft- Curium-242

Not specified Not
specified

n/a 0.74 0.12 (0.11) 84 (84)

Total alpha 1 1 0 2.5 0.52 (0.50) 791 (80)
BTotal beta 400 220 45 340 32 (25) 91 '(93)
^Jranium (kg) 2000 2000 0 Not specified Not

specified
n/a

final value will still be a substantial decrease from the current 1"

i

i
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BNFL
ENVIRONMENT AGB*CY 

NORTH AREA
OATF
R E C D  2 7  MAY 2002

RLE REF

British Nuclear Fuels pic
Sellafield
Seascale
Cumbria CA201 PC 
Tel: 019467 28333 
Fax: 019467 28987 
Telex: 64237

Direct tel: 019467 74600 
Direct fax: 019467 74797

Your ref: MRE/700/02;
SEL/SR01/839
Our ret EA/02/3469/01

24 May 2002

Dr MR Emptage 
Environment Agency 
Ghyll Mount 

. Gillan Way
Penrith 40 Business Park 
PENRITH
Cumbria CA119BP 

Dear Dr Emptage

Draft Decisions on Future Discharge Limits fo r  Sellafield

Thank you for your Jetter of 20 May. We would also welcome further discussions on the issue of proposed 
discharge limits for the Sellafield site. We are pleased to see that provision of further information by BNFL 
has enabled Agency to better understand our concerns and amend some of the proposed limits accordingly.
It is now thought that a number of the proposed site limits will not unduly inhibit BNFL’s planned 
operations over the period prior to the next scheduled review of the Authorisation. There are still a few 
areas of concern however particularly the proposed liquid limits for Zr/Nb-95 and several of the other 
shorter half-life species. We would refer you to letter EA/01/2532/02 and BNFL’s response to the recent 
R1A for further information on shorter half-life species. Another key concern to us is the proposed limits for 
Sb-125, on which issue we note that Agency have not yet had time to fully assess all the information 
provided. We are also keen that potential improvements to the current sampling systems, which may lead to 
a corresponding increase in reported future discharges, are taken into account when proposing discharge 
limits. With regard to the letter on the subject of discharges from open fuel ponds, we consider it necessary 
to further investigate to determine whether the sample results from B30 are ‘true’ results, i.e. do not ‘double 
count* the discharges from other aerial sources, in order to determine whether it is BPM to take further 
measures.

Although we are pleased to note that Agency have achieved a better understanding of future discharges and 
requirements for site discharge limits over recent months, the major area of concern for us remains the 
proposed plant and stack specific limits. In several cases, BNFL may be able to reschedule planned 
operations should discharges approach a site limit (with consequences), but such flexibility is more 
restricted at a plant/stack level. We believe it is essential therefore to see the Agency’s proposed plant limits 
al the earliest possible opportunity, to identify those areas with the greatest potential to restrict plant 
operations. We agree with your assertion that clean up and passivation of historic wastes at Sellafield 
should not be unnecessarily restricted by discharge limits, yet on the basis of the proposed site limits, it is 
inferred that restrictions to clean up operations could still occur as a result of inadequate plant or stack 
limits.

It has been suggested in the relevant Agency Board papers that plant limits could be varied by a ‘fast-track’ 
process, though I am sure neither BNFL nor Agency would desire such a process to be required on a 
frequent basis. Indeed, this new agreement, involving consultation with statutory bodies, has not been 
testki, and even without the need for Ministerial approval, may take several months. BNFL therefore 
welcomes Agency’s invitation to hold further discussions to resolve outstanding issues.
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Finally with respect to your note that Agency require further information in response to letters reference 
SEL/SR/01/658:MRE/659/01 and SEL/SROl/833; we are aware of the few outstanding issues and will 
respond as soon as the infonnation is available.

Yours sincerely,

R G Morley
Manager - Discharges & Disposals Strategy Group 
B407

Copied to: Regulator Liaison Office, B113
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|@BNFL

Dr M R Emptage 
Environment Agency 
Ghyll Mount 
Gillan Way
Penrith 40 Business Park
Penrith
Cumbria
CA11 9BP

Dear Dr Emptage,

Transfers of Waste from the premises of BNFL at the Sellafield site to other premises

The purpose of this letter is to outline some of the uncertainties surrounding the transfers of waste from
BNFL Sellafield to other premises which have the potential to impinge on the Agency's proposals for
authorisation of such transfers. The main areas of concern are:-

• BNFL has previously contended the fact that the majority of transfers of radioactive waste from the 
premises of BNFL Sellafield to sites other than Drigg do not involve 'waste' as defined in RSA93 (our 
letter of 14 May 2001 refers). BNFL stands by the opinion that only those transfers which actually 
involve waste being sent for final disposal require an inter-site transfer authorisation, and hence 
numerical limits.

• Assuming that the Agency still intend to go ahead and set limits on such transfers, BNFL has the 
following concerns over those limits proposed in the Explanatory Document for transfers of waste from 
BNFL Sellafield to other premises

The Agency have proposed lower limits on activity and volume for transfers of LLW and ILW 
from BNFL to Windscale than those requested by BNFL in our letter dated 10 April 2001. 
Additionally over recent months the planned use of this facility has increased as its profile has 
increased at BNFL Sellafield and with the realisation that it potentially offers BPM options for 
waste processing. In order to prevent restrictions on future decommissioning activities, there is a 
need for BNFL to re-estimate the site's likely contribution (in terms of activity and volumes of 
waste) to this facility over the coming years. In view of both the ongoing decommissioning work 
on site and the developing strategy for dealing with historic (legacy) waste, it is inevitable that 
BNFL will have to seek a minor variation imminently.

The Agency's proposed limits in the Explanatory Document on volumes of transfers are 
consistently lower than those originally requested by BNFL in our letter dated 10 April 2001. 
Whilst BNFL still need to consider the need for a variation to minimise risk to future 
decommissioning operations, a potential threat to such volume limits has already been identified. 
Assuming that the limit applies to gross volumes, the current decommissioning project in B205

British Nuclear Fuels pic
i V i  _V  Sellafieldhqjj- '— — * * * r I Seascale

t o m ®
v l e r e f

Cumbria CA201 PC 
Tel: 019467 28333 
Fax: 019467 28987 
Telex: 64237

Direct tel: 019467 74600

Direct fax: 019467 74797 
e-mail:

Your ref:

Our ref: EA/02/3483/01; 
DDST/02/0346 
28 May 2002
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I
will use three-quarters of the limit on volume of ILW transfers from BNFL to UKAEA. Such an 
approach would appear to oppose the sentiments of BPM since the waste is being transferred foitt 
the purposes of compaction and hence waste minimisation. BNFL therefore assumes that a l f  
volume limits set on transfers to other facilities for processing are based on net volumes. Footnote
3 should therefore be amended to apply to all transfer routes. »

I• An inconsistency in the definition of 'Other radionuclides' in the Agency's Explanatory Document has 
been identified. The definition in the Explanatory Document excludes cobalt-60, which is given a i || 
individual limit, whereas the definition in the existing Drigg Authorisations includes an allocation f o l  
cobalt-60. This has the implication that Sellafield could potentially be authorised to transfer higher 
amounts of waste to Drigg than the latter site is authorised to accept. ^

• It is noted that there will no longer be a requirement for authorisation of transfers of LLW and ILW to 
UKAEA at Windscale following transfer of ownership and subsequently licensing of this facility t ^  
BNFL in the next few years. I

• We also have concerns about revocation of the generic ISTA which currently covers transfers from Drige 
to Sellafield. We would like reassurance that this route will still exist until encompassed within t n  
forthcoming review of the Drigg Authorisations. ■

Yours sincerely

Page 2 of 2

R G Morley
Manager —Discharges and Disposals Strategy Team 
B407/1

Letter copied to: Regulator Liaison Office, B113
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O ur ref: 
Your ref:

MRE/703/02 SEL/SR01/850 
n/a

Date 6"1 June, 2002

Mr J S Clarke
Regulatory Liaison Office
Building B113
British Nuclear Fuels Pic
Sellafield
Seascale
Cumbria
CA20 IPG

FAO: M rR M orley

APPROVED PLACES REGISTER & DRAFT DECISION ON FUTURE 
REGULATION OF MISCELLANEOUS AND OTHER OUTLETS

Dear Mr Clarke

Our draft decision on the future regulation of approved places will require BNFL (under 
Schedule 3, Condition 1 of the new authorisation) to seek Environment Agency approval for 
all aerial discharge outlets prior to their use. In order for aerial outlets to be authorised they 
will need to be listed in Table 1 of Schedule 3 or listed in the associated CEAR, which will 
detail which outlets the Environment Agency approves under Schedule 3 condition 1.

Within Table 1 of Schedule 3, it is our intention to add anumber o f “Miscellaneous Outlets” 
to the version of the draft certificate contained in Appendix 1 of the Explanatory Document. 
These miscellaneous outlets will include the open fuel ponds surfaces (B27, B29, B30 and 
B310) and the outlets for which we will be requiring monthly discharges to be reported.

All other outlets, which BNFL wishes to be authorised, will need to be approved and listed in 
the relevant CEAR. Before approving’these outlets, by issuing the CEAR, the Environment 
Agency will require BNFL to assess the discharges associated with each outlet, the associated 
radiological impact and to detail any abatement techniques which will be used to minimise 
discharges and provide this information to the Agency. Similarly, once the new authorisation 
is issued, any new outlets will require approval and the Agency will require the above 
information before approval can be given and the CEAR is re-issued.

1 note much of the above information is already available in the copy of the approved places 
register you have recently provided. However, I would ask that you provide a consolidated 
version which details any missing information and provides only the outlets for which you 
are seeking approval (the inclusion of the outlets listed in paragraph 2 of this letter is not 
needed). Please also ensure that this consolidated version addresses the issue of consistency 
between Sellafield facilities (i.e. that a site wide consistent approach is deciding which outlets 
require approval).

Cont..

The Environm ent Agency
Chyll Mount, Gillan Way, Penrith 40 Business Park, Penrith, C um bria  C A 1 1 9BP 
Tel: 01768 866666 Fax: 01 768 865606

Sellafield R S A 9 3  Review  
Main Review D ecision  D o cu m en t 

Supporting Inform ation
27



I would ask you to note that once the new authorisation and CHAR are in place BNFL, 
Sellafield will only be authorised to make aerial discharges of radioactive waste via the 
outlets specified in Table 1 of Schedule 3 and the CEAR associated with Schedule 3 
condition 1 (with the exception o f the oil burner). Therefore it is important that your 
information includes all outlets (other than those listed in paragraph 2 of this letter) by which 
you routinely discharges radioactive waste or which have the potential to discharge 
radioactive waste as a result o f routine operations.

There has been some discussion recently between the Agency and BNFL as to which outlets 
m ay be authorised under the Radioactive Substances Act, 1993. Once you have provided 
your information, the Agency will consider which outlets can be approved on a case by case 
basis.

Thank you, in advance, for your time given to this matter. The Agency considers that these 
arrangements will ensure that all outlets, by which radioactive waste may be discharged, are 
identified, the introduction o f any new outlets is highlighted and the significance o f the 
discharges from each outlet is understood.

Please contact me if  you have any queries or wish to discuss this matter further.

Yours sincerely

D r M  R  E m ptage
Process Industry  and Radioactive Substances Regulation Inspector
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©BNFL •WBONMENT AGENCY 
NOFTTH AREA

RECP 13 JUM 3002

RLE REF

British Nuclear Fuels pic
Sellafield
Seascale
Cumbria CA20 1 PC 
Tel: 019467 28333 
Fax: 019467 28987

Dr M R Emptage 
Environment Agency 
Ghyll Mount 
Gillan Way
Penrith 40 Business Park
Penrith
Cumbria
CA119BP.

Dear Dr Emptage,

Direct tel: 019467 74600
Direct fax: 019467 74797 
e-mai!:

Your ref: SEL/SR01/833
Ourref: EA/02/3301/01 
DDST/02/0366 
11 June 2002

INFORMATION REQUEST FOR DATA RELATING TO PAST LIQUID AND AERIAL 
DISCHARGES AND OPERATIONAL DATA

The following information is provided in response to your letter of 27 March 2002.

Past liquid discharges

Provide missing Sb-125 data e.g. SETP 2000

As indicted in our letter of 1 May 2002 (our reference: EA/02/2885/03), BNFL has provided a large 
amount of historical discharge data dating back to 1994 for the purposes of the Sellafield 
authorisation review. This information was an additional requirement on BNFL over and above the 
statutory reporting requirements and was provided to the EA in such a form as to facilitate their 
analysis of the data. Compilation of this data is resource intensive and BNFL cannot guarantee that 
transcriptional errors do not exist in this information. We therefore consider that Agency should rely 
on the discharge information provided in the statutory (and non-statutory) discharge reports rather 
than the compiled data since the provision of this data is essentially a duplication of effort.

Provide data where discharges are reported as zero, unless they are actually zero discharges (e.g 
THORP DOG November 2000, April 2000)

A response on this issue was provided in our letter dated 01 May 2002 (our reference: 
EA/01/2885/03).

Provide Cm and Np data for THORP DOG and Laundry and Lagoon for 2000

■
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This data was provided in the attachments to our letter dated 14 January 2002 (our reference :
E A/02/2885/02).

Provide written notification for amended figures e.g. THORP R&S September 1999for the purposes, 
o f  the Public Register

A response on this issue was provided in our letter dated. 01 May 2002 (our reference : 
EA/01/2885/03).

Provide discharge data fo r Calder Hall 2000 - 2001

Annual discharges of H-3 from Calder Hall via bowser to SETP were approximately 385 MBq and 
28,100 MBq in 2000 and 2001 respectively. The reason for the elevated discharges is that the 
bowser used for emptying the liquid waste storage tanks became contaminated with solvent from 
the Maintenance Workshops causing it to be unavailable for a time. This resulted in a backlog of 
waste being held in the reactor storage tanks. The tritium results increased in 2001 due to emptying 
these storage tanks. The contaminated bowser contents are currently stored in a tank on site.

Explanation of liquid discharge trends

Factory Sewer, H-3 discharges, January 2001: Discharges o f ~12GBq/month are -10 times normal 
discharges. Can you provide an explanation as to why this is?

The original analysis result was only four times higher than normal in terms of tritium concentration 
but coincided with a period of particularly wet weather so the discharge volume was more than 
twice the normal monthly average. Hence we believe that this result is correct.

SETP, S-35, June 2000 105GBq and September 2000 46 GBq: Discharges —10 times normal 
discharges. Can you also provide an explanation as to why this is.

The result for June 2000 is an artefact of the way in which results at or below the analytical limit of 
detection are reported. The analytical result for this three monthly bulk sample was 0.00 ± 2.88 
Bq/ml. The format of reporting of such data has resulted in exaggeration of the true value.

No explanation for the September 2000 result has been found.

Past aerial discharges

Provide B2301-131 discharge data for 2000 and 2001

This information is not readily available as these samples became non-statutory from January 2000.
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Provide THORP 1-131 discharge data for 2001

1-131 (MBq)
January 2001 6.14E+00
February 2001 7.10E+00
March 2001 7.38E+00
April 2001 8.27E+00
May 2001 2.56E+01
June 2001 4.63E+01
July 2001 4.36E+01
August 2001 1.86E+01
September 2001 2.93E+01
October 2001 1.50E+01
November 2001 2.19E+01
December 2001 9.10E+01

Explanation of aerial discharge trends

Are the THORP Pu-241 data correct in particular October 2000 (7.4E-7MBq)?

The data is correct; the result of 7.4E-7MBq is an estimated figure due to a spoiled filter card.

Are the B38 3rd ext. Pu-241 data correct in particular (7.81E~5MBq) and also prior to 2000 no zero 
results were reported but since a number have been reported - is- this correct or has there been a 
change in the reporting procedure?

The data is correct; the result of 7.18E-5MBq is a proportioned result based on part of a day’s 
discharge for the week ending 7/7/2001.

Provide the reason for elevated discharges o f total alpha, total beta, Sr-90, Cs-137, Pu~ alpha, Pu- 
241 and Am+Cm from B30 in May 2001.

The elevated discharges are thought to be due to re-suspension of activity from the wall of the 
concrete portion of the vent duct at one particular outlet.

Provide reason for elevated discharges o f total alpha and Pu-alpha from B38 ext 1 and 2 in 
September 2001.

The B3 8 ventilation system is primarily designed with hydrogen removal as a priority. There was a 
blockage of the fans and scrubbers at that time , and following repair the vibration caused by start 
up is thought to have led to re-suspension of activity plated out on the ventilation system.
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Provide monthly throughput data for THORP, Magnox and WVP for 2000 - 01 

Production o f containers by WVP in 2000 and 2001 was 206 and 58 respectively.

Operational data

THORP Magnox
t(U)’ tcuy

January 2000 79 37
February 2000 115 57
March 2000 111 63
April 2000 0 62
May 2000 70 66
June 2000 59 34
July 2000 79 32
August 2000 79 65
September 2000 52 16
October 2000 10 0
November 2000 0 0
December 2000 0 17
January 2001 6 59
February 2001 7 16
March 2001 0 0
April 2001 6 2
May 2001 91 60
June 2001 87 78
July 2001 92 82
August 2001 94 73
September 2001 64 42
October 2001 7 72
November 2001 29 65
December 2001 90 67
* figures are  rounded  to  nearest t(U)

Yours sincerely

R G Morley
Manager — Environmental Discharges Strategy 
B407/1

. Letter copied to: Regulator Liaison Office, B113
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Our Ref:
Your Ref

Date: 12 June 2002

Mr J Clarke
Head of Environment Health and Safety
British Nuclear Fuels pic
Sellafield
Seascale
Cumbria
CA20 IPG

For the Attention of Mr R Morley

RADIOACTIVE SUBSTANCES ACT 1993 
SELLAFIELD AUTHORISATION REVIEW

Dear Mr Clarke

I refer to your letter of 28 May 2002 in which you indicate that the planned use o f B 13 at 
Windscale has increased over recent months and there is a need for BNFL to re-estimate the 
activity and volume of waste to be transferred to B13 in future years. You also point out that 
an application for a minor variation to the authorisation is imminent as a consequence 
ongoing decommissioning work and development of the strategy for dealing with historic 
waste.

As you are aware in the absence of other information, the Agency has based the proposed 
limits in the Explanatory Document on information provided by UKAEA, W indscale for the 
return of waste to Sellafield. The Agency is not in a position to increase such lim its unless 
further substantial information on waste transfers from Sellafield to Windscale is p r o v id e d  by 
BNFL. I would assume that this should not be problematical judging from your rem ark that 
an application for a minor variation is imminent.

Furthermore, 1 would emphasise that BNFL needs to demonstrate that BPM are being used to 
minimise the amount of waste produced and that the transfer o f waste to W indscale 
represents the best practicable environmental option. The Agency will then be in an inform ed 
position to set limits that avoid undue constraint on waste transfers. Such limits w ill ensure 
the regulation of solid waste transfers is consistent with disposals to sea and air and  w ill also:

• ensure that transfers of solid radioactive waste are properly managed and their 
. radionuclide content is fully accounted for;

• promote solid waste minimisation;
• provide transparency of the solid radioactive transfers (and disposals) that a re  occurring  

(by requiring reporting against the limits); and
• ensure compatibility with requirements for waste storage/treatment at the receiv ing  site.

019/02/120
EA/02/3483/01

En v ir o n m e n t
Ag e n c y

Th e  E n viro n m e n t Agency
C h y ll M o u n t, C illa n  Way/ Penrith 40  Business Park, Penrith, C u m b ria  C A 1 1 9BP 

Tel: 0 1 7 6 8  866666 Fax: 01 7 68  8 6 5 6 0 6
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With regard to your query on waste volume limits for transfers to other facilities for 
processing, I w ish to confirm that such limits refer to gross volume i.e. waste plus primary 
containment, unless stated otherwise in the proposed certificate of authorisation.

I note you expressed concern over the "revocation of the generic ISTA" and sought 
reassurance that the Drigg to Sellafield waste route will remain authorised via the generic 
ISTA. For clarification of this matter, I would refer you to paragraph A7.79 in the 
Explanatory Document for the review that states clearly the Agency's intentions regarding the 
generic ISTA.

Finally, I wish to point out that it is more than 2 years since the Agency first requested from 
BNFL information on future waste transfers from Sellafield to other nuclear sites. Although 
repeated requests have been made for such information little progress has been achieved in 
obtaining from you significant quantitative information on future waste transfers that would 
allow the Agency to set suitable waste transfer limits. I would request you therefore to 
consider urgently this situation and provide the latest information you have available on 
future waste transfers without delay, to facilitate the introduction of waste transfer limits that 
are acceptable to 'both the Agency and BNFL. A positive response from you to this request 
should prevent the need for you to apply for a minor variation shortly after the Agency issues 
the integrated authorisation for the site.

Yours sincerely,

M Em ptage
Site Inspector
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L ENVIRONMENT AGENCY 
NORTH AREA____

British Nuclear Fuels pic
Sellafield
Seascale
Cumbria CA20 1PC 
Tel: 019467 28333 
Fax: 019467 28987 
Telex: 64237

Se c t  20 juw 2002

RLE REF
Dr D Ferguson 
Environment Agency 
Ghill Mount 
Gillan Way
Penrith 40 Busisness Park
PENRITH
Cumbria

Our ref. EA/02/3469/02
Your ref:

e-mail:

Direct tel: 019467 74600 
Direct fax: 019467 74797

17 June 2002

Dear Dr Ferguson

Cobalt -60 marine discharge limit for the Sellafield site

In the explanatory documents issued by the Agency in July 2001 for public consultation, you 
indicated an annual site discharge limit for Cobalt-60 of 5.8 TBq , reduced from the current annual 
limit of 13 TBq. You also stated ‘the operator shall implement the use o f an ion-exchange 
material to abate the discharge o f cobalt-60, when enhanced levels of the radionuclide occur in 
Thorp fuel ponds, if plant trials are proven to be successful’.

In the recently issued ‘Review o f Sellafield Authorisation, Draft Decision for the Future 
Regulation of Radioactive Waste Disposals from Sellafield’, dated 15 May 2002, the cobalt-60 
annual limit has been reduced to 2.7 TBq , with the paper stating that plant trials on the ion- 
exchange have been shown to be successful.

The Agency have been kept fully informed of progress on the cobalt-60 abatement trials. In total 2 
trials have been carried out which indicate the ‘Co-Treat’ ion exchange has removed coablt-60; 
however the performance, ie. DF for cobalt-60 removal, is lower than achieved in laboratory trials.

Following the second trial, it has been possible to calculate the cost of saving dose to the world 
population when compared with industry guidelines of £20,000 per man Sv. This gives a value o f 
£79m per man Sv dose saved. BNFL believe the cost to be disproportionate to the environmental 
benefit achieved and as such the abatement scheme at present can not be justified. Consequently, 
BNFL are not planning to implement the use of the ion exchange material routinely when 
enhanced levels of cobalt-60 occur, unless the efficiency of the ion'exchange can be significantly 
improved. BNFL will be continuing to perform development work to attempt to improve the 
efficiency of this abatement technique and this is likely to involve a combination of laboratory 
work and further plant trials.
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BNFL regard the Agency’s proposed reduction in the site cobalt-60 limit, based on two trials 
without having information on the associated costs of the scheme, as premature. Taking this ne\ 
information into account BNFL do not consider the implementation of the abatement scheme to 
represent the application of Best Practicable Means, and therefore implementation is inappropria 
due to the excessive cost.

Noting the current status of the development work and the BNFL decision not to routinely use th 
abatement process, BNFL believe it is premature to reduce the site cobalt-60 limit, and request tl 
Agency to reconsider the proposed reduction.

Yours sincerely

R G Morley
Manager, Environmental Discharges Strategy
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Our ref: MRE/706/02 SEL/SR01/851 
Your ref: EA/02/3469/01

En v ir o n m e n t
Ag e n c y

Date 18 June 2002

Mr J S Clarke
Regulatory Liaison Office
Building B113
British Nuclear Fuels Pic
Sellafield
Seascale
Cumbria
CA20 IPG

FAO: Mr R Morley

DRAFT DECISION ON FUTURE DISPOSAL LIMITS FOR SELLAFIELD

Dear Mr Clarke

I write in reply to your letter dated 24 May 2002. In this letter you state that you believe that 
it is essential to see the Agency’s proposed plant limits at the earliest possible opportunity. 
As stated previously, the Agency is keen to share its draft decisions on the future regulation 
of the Sellafield site with BNFL at the earliest time, in order that BNFL remains informed 
and has the opportunity to check factual accuracy. Further to this* please find a draft of the 
new authorisation for the Sellafield site, which reflects the Agency’s draft proposed decision 
on the future regulation of the Sellafield site. I am sending 2 versions of the draft 
authorisation by e-mail. One version provides the changes to the version of the authorisation, 
which was published in the explanatory document. For clarity, the other version does not 
display these changes. I note that this draft still contains some outstanding issues, in 
particular:
• Quarterly Notification Levels require revision
• The waste categories for the soil disposal schedule need to be resolved and a possible 

improvement condition specified, relating to the need to line the new segregated disposal

• The wording of the information and improvement requirements may be revised.

It must be emphasised that this information is draft. Over the coming weeks the Agency will 
check its calculations, ensuring that all of the issues raised have been covered and drafting 
the decision document that will detail the reasons for any changes from the proposals in the 
explanatory document. I am also copying this letter and the draft authorisation to all 
interested parties.

As stated previously, the Agency is happy to discuss the draft decision with BNFL through 
the regular progress meetings. In addition, the Agency is also happy to participate in separate 
meetings, if BNFL considers these are appropriate.

area.

Cont.

The Environm ent Agency
Ghyll M ount, Gillan Way, Penrith 40 Business Park, Penrith, Cumbria CAT 1 9BP 
Tel: 01768 866666 Fax: 01 768 865606
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You raised a few other issues in your letter.

Firstly BNFL has concerns over the proposed site liquid discharge limits for short-lived 
radionuclides, which has also been referred to your earlier correspondence. The Agency has 
considered the information supplied but is of the view that the arguments presented are based 
mainly on discharge information relating to 1994. The Agency notes that 1994 was a year 
when significant changes were occurring to the liquid effluent system at Sellafield. SETP 
and EARP were commencing operations whilst the sea tanks (B241) were being taken off 
line. Furthermore, BNFL did not use 1994 data when calculating worst case discharges for 
SETP (BNFL letter to Agency dated 6th October 2000) and stated in the Part A submission:
"Discharges are higher at the beginning o f 1994 since the data includes discharges from the 
sea tanks. The sea tanks were sentencing tanks o f LA effluent prior to SETP coming online. 
The 1994 data has both SETP and sea tanks in it to cover the start-up and changeover. "
The Agency considers that use of such data is inappropriate for the purposes of setting future 
discharge limits.

However, the Agency has looked into this matter and considers that the following issues may 
help to explain BNFL’s concerns:
• BNFL provided factors to account for the reprocessing of higher bum-up Magnox 

fuel/enriched Magnox fuel towards the end of the lifetime of B205. These factors do not 
appear to be consistent with those provided for THORP and do not cover the same range 
of radionuclides. Unlike, the Magnox factors, the THORP factors consider both higher 
bum-up and shorter cooled fuel and provided factors for short-lived radionuclides such as 
Cerium-144. However, it is noted that the THORP bum-up/cooling factors did not cover 
Zirconium/Niobium-95.

• BNFL provided factors relating to the discharge per tonne of fuel reprocessed to allow 
predictions of future discharges, for example from SETP. In the case of THORP the 
SETP discharge per tonne of fuel reprocessed is given as “0.0 GBq/teU” (see BNFL letter 
to Agency dated 6th October 2000; ref: TOE A/2000/357N).

• BNFL provided a predicted worst case discharge of 3250GBq/y for Zr/Nb-95 discharges 
from EARP bulks in the Part A Submission. This was revised to 158.8 GBq/y (see BNFL 
letter to Agency dated 9th April 2000, ref: EA/01/1195/03). However, BNFL latest 
assessment (letter BNFL to Agency dated 16th November 2001, ref: EA/01/2532/01) 
states that the Agency’s proposed plant limit of 200GBq/y is “around 6% o f the 
maximum operating level figure provided” (worst case discharge). It would appear that 
BNFL has not taken account of its own corrected information.

In summary, to date BNFL has provided qualitative concerns regarding the short-lived 
radionuclide liquid discharge limits back up by discharge data from 1994 which does not 
appear to reflect the current liquid effluent management arrangements. The Agency does not 
consider that BNFL has made available suitable quantitative information, which justify 
BNFL’s concerns. The Agency is keen to complete the authorisation review to its current 
programme and considers that best use has been made of the information available regarding 
this matter. Consequently, it is considered unlikely that any further BNFL information could 
be considered within the timescales o f the review.

Cont.
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You also raised the issue of the Sb-125 site liquid limit and miscellaneous outlets (approved 
places) limits. You will note from the supplied tables that the Agency has considered these 
issues and revised the limits accordingly.

Please contact me if you require any clarification.

Yours sincerely

Dr M R Emptage
Process Industry and Radioactive Substances Regulation Inspector

Attachment: Draft Authorisation sent by e-mail
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British Nuclear Fuels pic
Sellafield
Seascale
Cumbria CA20 1 PC 
Tel: 019467 28333 
Fax: 019467 28987 
Telex: 64237

Direct tel: 019467 74600 
Direct fax: 019467  74797 
e-mail:

Your ref EA/02/3469/03 
Our ref:

20 June 2002

Dear Dr Ferguson

Update regarding Thorp iodic acid trials for abatement of aerial 1-129

The intention with adding iodic acid is to increase the release o f volatile iodine-129 into the DOG 
system for abatement via the DOG caustic scrubber. Currently, the vast majority o f the iodine-129 
is removed in the DOG caustic scrubber and the trials are aimed at removing the remaining iodine- 
129.

The 1st iodic acid trial had been specifically arranged to investigate the effect of iodic acid 
addition; acid was added whilst shearing individual batches using dissolver A only and with no 
other operational activities within the plant. Discharge results were taken at short time intervals. 
Unfortunately this sampling regime meant very little iodine was measured and the associated range 
of uncertainty was high. Hence although the results were promising (achievement of an apparent 
discharge reduction with no adverse plant effects) they were inconclusive.

During consideration o f the results from the 1st trial at a strategy review meeting it was decided 
that further trials like the 1st could not be justified -  delays to, and interference with routine 
operations had been significant. It was agreed that further trials could continue provided the plant 
could operate as normal. It was recognised that it would be difficult to assess any improvement 
when there would be such a lot o f variations in process operations which may effect iodine 
discharges and that this would be compounded by the fact that only 1 of the 3 dissolvers is 
modified for iodic acid addition (any relative improvement would only be l/3ri that achieved 
during the first trial).

In order to have a better chance of assessing the results under these circumstances the trials were 
planned for the expected sustained AGR campaigns (expected smaller variations in fuel iodine 
content) through July-August 2001. Unfortunately these trials were started late (problems with 
acid delivery) and finished early (fuel rescheduling to meet business commitments) and so only 4 
weeks data was collected, including 2 weeks control (weekly accountancy Maypack results were 
used).
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Page 2 of 2

In summary the second trial, involved adding iodic acid to 10 dissolver A batches, while dissolvers 
B and C (also roughly 10 batches each) operated normally, as with all other operations/activities 
within Thorp HE/CS.

The data during the 2nd trial period and at periods before and after the trial have been reviewed. 
This indicated that iodine-129 discharges varied markedly and this could not be attributed to iodic 
acid additions alone. (As expected there were so many complex variations in many different plant 
operational parameters ongoing during the 4 weeks of the trials). It has been decided to put the 
trials on hold while a review of operational data is carried out, seeking to discover the dominant 
source(s) o f the observed variations in iodine-129 discharges. Physical parameters with the most 
potential to significantly effect discharges will be determined with the aim o f collecting historical 
data and looking for correlations during 2002/03 financial year.

Once this is completed the need for further iodic acid trials will be re-assessed. It may be that if 
strong links between vessel vent aerial 1-129 discharges and particular physical parameters are 
found to exist then these parameters could be optimised to have a more significant effect in 
reducing discharges. The potential to optimise these parameters will be examined considering 
possible effects on plant performance, safety and other environmental discharges. In the meantime 
the modifications to enable iodic acid to be added to dissolver A will remain in place anticipating a 
requirement for future trials. BNFL will continue to keep the Agency informed of progress on this 
issue.

Yours sincerely

Manager, Environmental Discharges Strategy
EHS&Q Group
B407/1
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BNFL

BNFL Announces Shortened Lifetimes for Calder Hall 
and Chapelcross Power Stations

BNFL is bringing forward the planned dates for cessation of generation at Calder Hall 
and Chapelcross, the Company’s oldest magnox power stations. The Calder Hall 
reactors, originally due to start closing in 2006, will now shut down in March 2003 
and those at Chapelcross, originally due to start closing in 2008, will complete a 
progressive shut down by no later than March 2005.

BNFL has been driven to this decision by the continuing low prices in the wholesale 
electricity market. Both stations have small generating capacity by today’s standards 
giving rise to relatively high fixed overheads and their operating costs -  particularly 
for the fuel cycle - have increased significantly recently. The income that the power 
stations can generate no longer covers the costs of operation.

“This is a tough but necessary commercial decision” said BNFL’s Chief Executive 
Norman Askew earlier today. “I have always said that we would continue to run 
these pioneering workhorses of the nuclear industry while they remain safe and 
economic. They are still safe but the electricity prices have fallen significantly and to 
a level that makes them uneconomic. We do not see this fall in price recovering in the 
next few years and thus we can no longer justify running the plant.”

Both power stations will continue to operate while staff tackle the considerable 
amount of work needed to plan and prepare for the defuelling and subsequent 
decommissioning of the reactors. “We can’t start decommissioning immediately” 
explains Mr Askew “because we have to prepare ourselves and get formal consent for 
our plans from our independent safety watchdogs. In the mean time, we need to earn 
some valuable income rather than leave the reactors idle. At Chapelcross, we also 
need to complete work under contract for the Ministry o f Defence, which is the reason 
that this station will operate longer than Calder Hall”.

Care for the power stations’ staff is Mr Askew’s other priority. “We have nearly 800 
people working at the two sites and we will help them all through this period o f 
uncertainty so that they can make sound plans for their personal futures. There will 
be jobs to do at the power station for years to come but, inevitably, staff numbers will 
fall. There will be good opportunities for different jobs at Sellafield and other BNFL 
sites” said Mr Askew “but for those who leave, we will do all we can to ensure fair 
treatment and to support them on their way.”

BNFL’s announcement follows an economic review of the operation of its whole 
magnox reactor fleet. The review concluded that continued operation o f the larger 
magnox stations has a sound economic basis but that Calder Hall and Chapelcross, 
with their relatively low output but high overheads, had become loss-making. All 
other magnox reactors will operate to their existing planned lifetimes, subject to them 
continuing to remain safe and economic.
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BNFL

1. Calder Hall was opened by Her Majesty Queen Elizabeth II in 1956. It was the 
world’s first industrial-scale nuclear power station. The station has four magnox 
nuclear reactors with a total output of 194 MW.

2. Chapelcross was built on an airfield that had been used during World War II for 
pilot training. It began electricity production in February 1959. Its four magnox 
nuclear reactors produce 192 MW.

3. At full power, both power stations produce electricity equivalent to the needs of 
around 200,000 homes.

For further information contact:

BNFL Magnox Generation press office on 01453 812492

BNFL Sellafield press office on 01946 785842

Notes to editors
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O ur ref: MRE/707/02 SEL/SR01/852 
Your ref: n/a A g e n c y

Date 21 June 2002

Mr J S Clarke
Regulatory Liaison Office
Building B113
British Nuclear Fuels Pic
Sellafield
Seascale
Cumbria
CA20 IPG

For the attention of: M r R Morley

Dear Mr Clarke

CLOSURE O F CALDER HALL

I am writing to seek clarification o f  today’s announcement regarding the closure o f  the Calder 
Hall nuclear power station.

Please could you confirm that all four reactors will cease power generation by the 31st March 
2003. In addition, please could you inform the Agency o f BNFL’s plans for the four reactors 
between the current time and 31st March 2003. In particular, which reactors BNFL intend to 
operate to generate power output between the current time and 31st March 2003.

Please contact me if  you require any clarification. I request a reply by 28th June 2002. I 
apologise for the short time scale. However, you will understand that the Agency will need a 
prompt reply in order that any implications for the current authorisation can be assessed 
before we publish our decision document.

Yours sincerely

X>r M R Emptage
Process Industry and Radioactive Substances Regulation Inspector

The Environment Agency
Chyll M ount, Gillan Way, Penrith 4 0  Business Park, Penrith, C um bria CA11 9BP 
Tel: 01 768  866666  Fax: 01 768 8 6 5 6 0 6
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SUMMARY:

Under the Radioactive Substances Act 1993, BNFL Sellafield hold certificates o f  Authorisation 
which are currently under review by the regulator, the Environment Agency o f England and Wales. 
Proposals for the conditions contained in the proposed new Authorisation have been made by the 
Agency. These conditions have cost implications for BNFL that have been analysed in this report; 
This analysis comprises a critical review of cost information (as supplied by BNFL) carried out by 
means o f comparison with cost data for similar requirements imposed on other sectors o f  the 
nuclear industry.

The overall costs o f the proposed new Authorisation conditions are dominated by the possible 
throughput restrictions resulting from decreased discharge limits.

This project has shown that there are a number of fundamental differences between BNFL and the 
Environment Agency as to the scope and extent, and therefore the implementation costs, o f  the 
proposed new conditions. The main differences are in the area of sampling, analysis and reporting 
o f discharges, and in developing and implementing schemes associated with environmental 
management and reporting. This report summarises these areas o f  difference and explains the 
reasons for differences.

DISTRIBUTION: D Ferguson, Environment Agency (Penrith), File

FORM RM 1 IB/92
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1. INTRODUCTION

Authorisations under RSA93 for BNFL Sellafield are currently undergoing review by 
the Environment Agency of England and Wales, and significant changes to the current 
Authorisation conditions are proposed. (BNFL currently hold six Certificates of 
Authorisation under the Act; one proposed change is to rationalise. these six 
certificates into one integrated certificate, and references in this document to the 
Sellafield Authorisation should be taken to mean this new integrated certificate unless 
specified otherwise.)

1.1 This Report
This report has been prepared to assist the Environment Agency in its determination 
of proposed variations to the Radioactive Substances Act Certificates o f Authorisation 
for the BNFL Sellafield site by way o f analysing the costs to BNFL o f new and 
modified conditions in the new proposed Authorisation.

The report is structured such as to follow the project methodology shown in Figure 1.

FIGURE 1: PROJECJ METHODOLOGY
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1.2 The Regulatory Framework

The Radioactive Substances Act 1993 (RSA93) is the prime legislation under which 
discharges o f  radioactive wastes to the environment are regulated. Premises are 
authorised by way o f  Certificates of Authorisation. Such certificates contain 
authorisation conditions under which the operators o f  a facility may conduct their 
business. These conditions are intended to limit environmental impacts and generate 
environmental benefits, and can have cost implications. Conditions are o f many types 
but in general, for those premises that are also licensed under the Nuclear Installations 
Act, these fall into three generic classes:

• General conditions, relating to scope o f the Authorisation, the keeping of records, 
notification o f  incidents etc.

• Specific conditions relating to discharge limits for individual radionuclides, for 
groups o f radionuclides, and for discharge volumes to the various environmental 
media.

•  Improvement and information conditions. These latter may include the 
requirement on an operator to install abatement equipment in a waste stream, or to 
investigate matters such as the efficacy o f abatement technologies or the effect of 
a site’s discharges in the environment.

This prime legislation is supported by other UK legislation that must be taken into 
account, by international treaties and commitments, and by government guidance on 
radioactive waste management and related matters. A full review of the legislation 
and related guidance etc. appears in Appendix 10 of (ref 1). Of particular importance 
currently (June 2002) are the obligations for the UK under the Ospar-Sintra 
convention, concerning the protection of the marine environment of the North-east 
Atlantic.

The regulator under RSA93 is the Environment Agency in respect of premises in 
England and Wales. The Department of the Environment, Food and Rural Affairs 
(DEFRA) is the government department responsible for sponsorship of the 
Environment Agency, and the minister at DEFRA has certain powers and duties under 
the Act.

1.3 Review of Authorisations

Extant Authorisations are routinely reviewed by the Environment Agency. The review 
process is shown in Figure 2.

The inputs to the review are:
• Current Authorisation experience, including (inter-alia) details of discharges 

against current limits; outputs of investigations, research or plant trials; matters 
arising from regulatory inspections and audits against the current requirements.

• Company plans and information, including details o f  future discharges, new 
plants, waste arisings due to decommissioning etc.
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• Experience of the performance and capability of other nuclear and non-nuclear 
operators, including the use of new technology and techniques.

• Changes to legislation and new political guidance based, for instance, on new 
international obligations.
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1.4 Determination

The above inputs to the review process are then used in the process o f determination, 
upon which new or revised Authorisation conditions are finally decided. The 
determination process includes inputs from:

• The views o f a wide range o f consultees.
• The Agency decisions.
• The M inister’s decisions.

The review process (Figure 2) is now at the determination stage.

1.5 Costs of implementing the proposed new requirements

Many o f the proposed changes to the current Authorisation have cost implications for 
BNFL. The Company has identified and quantified these cost implications as far as 
possible. The costs quoted in this report should be examined in the context o f  the 
following points:

• Costs are positive and negative, in that some of the proposed changes to the 
Authorisation conditions may result in savings.

•  Capital costs are assumed to be incurred in the first year of the new Authorisation, 
unless specifically referred to otherwise. One-off costs, for instance incurred in 
carrying out a specific piece o f  research or developing a new procedure, are 
treated similarly to capital costs.

• Operating costs are assumed to be annual, and to be incurred in perpetuity, unless 
stated otherwise.

• Only direct costs are quoted. That is, a proposed Authorisation condition may, at 
some time in the future (e.g. at the next Authorisation review) lead to costs at that 
time. This class o f  costs has not been elicited or analysed.
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OBJECTIVES

The Agency proposes to determine the financial impact on the Company of the 
proposed Authorisation changes, by way of an analysis o f the financial implications o f 
all the proposed conditions that it intends to include in the new Authorisation. The 
objective o f the current work is therefore:

• To produce a report detailing the financial implications i.e. additional costs for 
BNFL Sellafield of the Environment Agency’s proposed Authorisation conditions 
under RSA93 for the BNFL Sellafield site and to check the validity o f BN FL’s 
cost estimates as far as possible.

The aim o f the report is to:

• Allow costs of the proposed changes to be presented in such a way as to facilitate 
■ the Agency’s decision-making process (that is, the process by which proposed

changes to the Authorisation are implemented, rejected, or modified).

• Enable a wider readership to understand the financial implications o f the 
proposed changes.
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SC O PE

This report summarises the costs associated with BNFL implementation o f all o f the 
proposed conditions for the new Certificate of Authorisation. The scope is bounded by 
the following considerations:

• The report only considers the additional costs associated with the new 
Authorisation in excess of those to comply with the existing Authorisation. It does 
not consider or calculate the total costs associated with regulatory compliance 
under RSA93.

• The proposed new conditions have changed since the current project commenced. 
The project, and hence the report, considers those proposed conditions as listed in 
(re f  6), which represents a snapshot o f the review in July 2001.

• The report analyses costs associated with implementing the proposed new 
Authorisation conditions. It does not deal with regulatory costs i.e. those costs 
incurred by the Agency which are recharged to BNFL.
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4. METHODOLOGY

The project methodology, as outlined in Figure 1, is described in more detail below.

4.1 Gap analysis

The Explanatory Document (Ref. 6) was studied and fifty proposed changes to the 
conditions of the current Authorisation identified. These proposed changes were 
summarised into a Gap Analysis (Appendix A) with details o f  the gaps between the 
current and proposed Authorisation regime listed for the purposes of cost and benefit 
elicitation. The Gap Analysis was checked against .both BNFL and Agency 
understanding, and modifications made according to their agreed position.

The fifty proposed changes were then classified according to the scheme in Table 1.

TABLE 1; CLASSIFICATION OF ENVIRONMENT AGENCY CH ANGE
PROPOSALS

Assigned Letter Proposal Description Proposal N um ber

A New Licence 
Arrangements

1,31

B Plant Modifications

B .l.
B.2.
B.3.

SIXEP Diversions 
THORP 
B204 Stack

36, 37,46 
35, 38 
33

C Solid Waste Disposals 21,22, 23,24, 26
D Sampling, Analysis and 

Reporting
7, 10, 13, 14, 15, 16

E Environmental 
Management (EMS)

11, 12, 25, 28, 29, 30, 32, 
34, 39, 40, 41, 42, 43, 44, 
48, 49, 50

F Miscellaneous 45,47
G Reductions in Di scharge 

Limits
2, 3, 4, 5, 6, 8, 9, 17, 18, 
19, 20, 27

Sellafield RSA93 Review 
Main Review Decision Document 

Supporting Information 
35

S715. R02-095(S)) 7  June 2002



The proposed changes have cost implications of differing types, as summarised in 
Figure 3.

G. Limit restrictions

FIG U R E 3: C O ST IM PLIC A TIO N S O F PRO PO SED  AUTHORISATION
CONDITIONS

Possible 
throughput .

.>£ liriri itetioffs-withYcost
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4.2 Cost elicitation

4.2.1 BNFL cost information

Cost estimates were requested from BNFL, based on the fifty proposals in the gap 
analysis and requests for additional information from RMC. Costs were to be:

• Capable of presentation in terms of 'capital' and 'annual operating'.

• Qualified by uncertainty, and quoted in terms o f ’maximum', 'minimum' and 'most 
likely' costs.

• Supported by all key assumptions made.

• Additional costs incurred as a result o f compliance with the proposed 
Authorisation.

These costs were supplied by BNFL over the period March to April 2002. Four 
substantive submissions were made, supported by two submissions dealing with 
questions and requests for further information. Cost information in eight o f the nine 
classes could be reduced to two components:

• Capital and other one-off costs, assumed to be incurred during the first year o f the 
proposed new Authorisation.

• Annual operating costs.

Cost submissions dealing with reduced discharge limits and consequent possible 
reductions in throughput (Class G) were in a different format, and were not strictly 
amenable to analysis in the same rigorous way as costs in all other categories. This 
aspect is dealt with more fully in section 5.8 below. The basis of the costs presented 
for this category is also different. They are presented as lifetime costs, dealing as they 
do with the consequences of throughput reductions in terms of extensions to plant 
operating lifetimes.

4.2.2 Externally elicited cost information

A number of the fifty proposed changes were selected for independent financial 
analysis. The selections were based on:

• Practicality, in that some costs could not be elicited externally.

• Areas of significant spend.

• Areas where there was apparent significant difference in interpretation of the 
proposed new authorisation conditions.

Externally elicited cost information was collected by RMC and presented on the same 
basis as that for BNFL. Regarding the final bullet point above, where the Environment 
Agency and BNFL appeared to be making different assumptions related to the extent 
of the proposed requirements as a basis for a cost, the assumptions made by the 
Environment Agency were chosen and incorporated in RMC’s costings.
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Cost Modelling

A stochastic cost benefit model was developed to represent the uncertainty in both the I
costs and benefits associated with the proposals. This model used Monte Carlo 
simulations to quantify the cost and benefit ranges. »

The @Risk software is an "add-in” for Microsoft Excel and Lotus Notes that provides 
facilities for performing Monte Carlo simulations as an aid to quantitative risk ■
assessments. The software allows variability to be associated with specific |
parameters by replacing the single explicit value in a cell of the spreadsheet with a 
frequency distribution defining a range o f  possible values. Each run (or iteration) o f ■
the Monte Carlo simulation will sample a single value for each parameter represented I
in this way by a distribution. A number o f  different types of distribution are built into 
the package ranging from simple discrete distributions that permit one from a limited I
set o f possible values, through to analytic functions defining the probability ■
distributions for events o f  particular types.

The software package provides the means for initiating simulations and for collecting ■
values from output cells for each run of the simulation. The program monitors the
extent to which the output values are not changed, by more than some user defined I
fraction, as further runs are performed, so that the outputs have converged on a stable ®
solution. These convergence criteria are applied not only to the mean value for the
outputs, but also to measures of the shape o f the distribution of output values. I

@Risk provides the tools needed for analysis and interpretation, including graphical 
presentation and analysis o f the sensitivity o f the output values to each of the sampled I
inputs. ®

■I
For this assessment o f the impact o f Environment Agency proposals on BNFL ■  
Sellafield, a simple spreadsheet was used which tabulated the costs for each of the 50
proposed changes. This cost information was presented as Authorisation lifetime —
costs, where the Authorisation lifetime is assumed to be four years. That is, on the I  
assumption that all capital costs are incurred in the first year, the costs are a
summation of: _

• Capital (or one-off) costs.
• Four times the annual operating costs. m

The exception to this cost basis occurs with those proposals in Class G, relating to
possible extensions to plant lifetimes as a consequence o f  reduced discharge limits. ■
These costs have been presented as lifetime costs. |

The information available for many of the costs estimates consisted of a worst case m
maximum cost and a best case estimate, with no further indication the likely it is that a |  
cost between these two values or below the best estimate might be incurred.
A simple triangular distribution was assigned for each cost as illustrated in Figure 4. ■
The upper limit o f the distribution was set to the worst case value, and the most |  
probable cost (the location o f the apex o f the triangle) was set to the most likely value.
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Since this level o f  information was not available for all costs, in some cases it was 
necessary to make informed assumptions about the spread o f costs. All these 
assumptions have been noted and could be replaced with better estimates should these 
become available.

Triang (0,8,12)

0 2 4 6 8 10 • 12 14

Cost / £K

FIG U R E  4: TRIANGULAR D ISTR IB U TIO N

The same cost model was run with two sets o f  data. One used the cost estimates 
provided by BNFL, and the other was based on independent estimates made by RM C 
using data provided from various sources, including the Environment Agency.

ANALYSIS AND DISCUSSION O F COSTS

G eneral

The principal outputs o f  the cost model are cost distribution curves for BNFL costs 
and external costs and identified differences.

Differences in the elicited costs are explained by a comparison of assumptions. These 
assumptions may or may not map across from curve to curve. The assumptions may:

• Be in complete agreement.
• Be completely different.
• Be in agreement in general, but not in detail.

Analysis of the cost model output consists of identifying the differences, and then 
establishing the reasons for difference by comparing the assumptions.

A summary o f the costs is shown in Table 2. .
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TA B LE 2: SU M M ARY O F COSTS AGAINST PROPOSAL CLASS

Proposal Group Costs elicited from BNFL (5, 50, 95 
%-iIe)* f£K]

Costs elicited external to BNFL (5, 
50, 95 %-ile)* f£K)

A. General conditions and 
scope of Authorisation

0 0 0 0 0 0

B l. Diversions to SIXEP 11273 14362 18843 11293 14403 18789

B2. THORP modifications 3219 3663 ‘ 4110 1989 2362 2728

B3. Stack sampler at B204 115 119 124 115 119 124

C. Solid waste disposals -166 508 1326 -366 279 1053

D. Sampling, analysis and 
reporting

2228 2425 2633 1071 1217 1377

E. Environmental 
Management System

11768 12826 13885 6129 6623 7145

F. Miscellaneous 122 137 153 102 115 130

G. Limit reductions -1000000 -1000000 -1000000 -1000000 -1000000 -1000000

o* Figures are taken from the @Risk model output at the fifth, fiftieth and ninety-fifth 
percentile values.
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Figure 5 below shows the output of the cost model excluding the major cost item 
(Class G) which would otherwise dominate the display.

P
r
o
b
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BNFL/RMC Cumulative Probability Distribution of Cost 
Totals (excluding G)
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FIGURE 5: COST MODEL OUTPUT

These cost differences are explained in detail in the following sections.

Class A - General Conditions and Scope of Authorisation

This class consists of those proposals relating to proposed changes to the Certificate 
of Authorisation content and style. One certificate is proposed, to replace the existing 
six.

No costs have been analysed for this section. BNFL believe that implementation of a 
new integrated certificate of Authorisation will in itself have no cost implications. It is 
also assumed, by both the Agency and by BNFL, that transfer of the non-radiological 
component -  inactive solvent discharge -  to the IPC regulatory regime will be cost- 
neutral.

Integration of the regulatory requirement into one certificate may however have cost 
implications in that events which formerly could have impacts on only one (of six) 
certificate (in extreme cases, withdrawal of the certificate by the regulator) could in 
the future impact on the entire Authorisation. This represents a risk that cannot be 
quantified, but is believed to be low.

Although BNFL have stated that the cost implications (qualified by the above point) 
are zero, the Company may have overlooked the fact that common conditions across
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many nuclear licensed site Authorisations could lead to collaborative efforts with 
consequent savings.

5.3 Class B -  New Plant and Equipment

This class covers major capital and operating expenditure on new plant and 
equipment. B l and B2 proposals are for potential abatement schemes leading to 
estimate dose reductions. B3 is for new sampling equipment.

The costs put forward by BNFL have been broadly agreed with no challenge; external 
elicitation o f  major engineering projects costs is not possible due to their unique 
nature at BNFL Sellafield.

The costs o f  abatement equipment should be regarded as ‘provisional* in that the 
requirement for pond purge re-routing is qualified by the phrase ‘where reasonably 
practicable’ and the modifications to the trials at the Thorp dissolver are dependent 
upon the successful outcome o f plant trials.

For the proposals in classes B l and B2, a dose saving accrues from implementation. 
Costs can be compared directly to dose savings.

5.4 Class C - Arrangements for solid waste disposal

Changes to the arrangements for solid waste disposal and transfer are proposed by the 
Agency. In particular, improvements to the control of the transfer of waste to other 
nuclear sites will be introduced by specifying individual transfer routes and associated 
limits.

BNFL have assumed that, for this proposal category, some cost savings will accrue 
but that these will be subsumed by the need to apply for new Inter-Site Transfer 
Authorisations (ISTA) during the four years for which the new Authorisation will 
apply. The externally elicited data has been based on the assumption that no new 
ISTA will be required because:

• Either the need is not a function o f the new proposed Authorisation conditions; or

• I f  the need had been anticipated in the current Authorisation review, it could have 
been included in the new Authorisation at little or no additional cost.

5.5 Class D - Sampling, analysis and reporting

The Agency has proposed changes in the proposed Authorisation which BNFL has 
interpreted to involve additional sampling, analysis and administration The changes 
are to the numbers o f radionuclides to be reported on.

M ajor differences in elicited costs between the BNFL costs and external costs are 
apparent, as shown by Figure 6.
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Probability Distribution of Cost Totals forD
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FIGURE 6: COST M ODEL DIFFERENCES - SAMPLING ANALYSIS AND
REPORTING

In its proposals, the Agency requires that the sampling, analysis and reporting regime 
be extended to cover discharges not currently reported, or at increased frequencies. 
Two contrasting points of view can be discerned as follows:

Agency: For the most part, the Company will be required to report on discharges that 
are already sampled and analysed. There may be some costs associated with 
additional data management and presentation of analysis results in a format suitable 
for publication in the public domain. Otherwise, the costs of implementing the new 
proposals are minimal.

BNFL: Most of the discharge reporting required under the proposals is for discharges 
that are currently sampled and analysed for internal plant controls. Many of the 
proposed new requirements can only be met by incurring cost on additional sampling 
and measurement equipment. BNFL will only release certain analysis data to the 
public domain if it meets a particular quality threshold. Additional costs will be 
incurred because of complexity in the reporting requirements, with the mixture o f 
weekly, monthly, annual limits and quarterly notification levels. However, although 
the new. reporting requirements are at first sight complex, they are not significantly 
more onerous than those in force under the current Authorisation.
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Class E - Environmental Management System

The Agency proposes to include a number o f conditions relating to environmental 
management. These proposals cover such areas as research, new procedures, and 
environmental studies.

For this class o f  proposals, the differences between the BNFL cost estimates and those 
elicited externally (taking into account the Agency view of the implications of their 
proposals) are large, as shown in Figure 7.

F IG U R E  7: CO ST M ODEL DIFFERENCES - ENVIRONMENTAL

M ANAGEM ENT

The differences o f detail can be seen from the cost elicitation sheets but a number of 
general points o f difference can be discerned:

• BNFL have assumed that a major overhaul of their current Environmental 
M anagement System (EMS) will be required, with a large number of new 
systems, procedures and models, involving expensive and extensive staff time. 
The Agency view is that the current EMS in force at the Sellafield site is fit-for- 
purpose, and that only minor extensions or modifications are required.
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• BNFL have provided costs for a number o f studies (e.g. BPM, BPEO); the 
Agency contend a) that many o f these are requirements of the current 
Authorisations such that no additional costs will be incurred, and b) that many o f 
the new requirements are simply for reporting on existing and ongoing work. 
Much of the required information, according to the Agency, is already available, 
and the costs incurred by BNFL should simply be those associated with 
processing information into a format suitable for external publication.

• BNFL cost estimates appear to be high for such matters as plant- and waste 
stream-specific BPEO and BPM studies; RMC has carried out such studies, o f a 
similar nature and scope, at other nuclear licensed sites, and for ultimate 
submission to the regulators, for considerably less than the BNFL estimates. 
Different staff costs feature in this class of proposals, and the staff costs at BNFL 
Sellafield are some 50% higher than those for similar work carried out by 
contractors. This difference in annual staff costs (approximately 50%) can be 
explained by the additional costs incurred by a nuclear operator for staff 
employment at a nuclear licensed site.

• BNFL have assumed that new equipment will be required for analysis o f 
environmental samples; the Agency consider that the current equipment provides 
data of the required standard.

• Some costs pertaining to compliance with the proposed new Authorisation 
conditions may have been incurred in any case; costs of new project option studies 
are a case in point. The proportion of such costs to be allocated to the new 
Authorisation is therefore a matter of opinion.

5.7 Class F - Miscellaneous

This class concerns the production of reports on BNFL manufacturing practices and 
plans. Differences of opinion on the costs of the two proposals in this category are 
minor, and occur because the Agency believes that they will require BNFL simply to 
report on current work, while BNFL believe that new work will be required.

5.8 Class G - Limit Restrictions

BNFL estimates of the costs incurred as a result of the imposition of new limits have 
been input to the model, but no comparison with external data has been possible. The 
costs are substantial, according to BNFL. The Agency’s stated opinion in respect o f 
the imposition of the new limits is that no additional costs will be incurred. There is 
therefore a major difference of opinion regarding the impact of proposals in this class.

The reasons for the BNFL estimates are complex, and the following description 
represents a summary of the views expressed by BNFL and the Agency.

For operating plants,, dealing with the reprocessing of spent fuel, Figure 8 provides a 
general view of the discharge profile over time, based on historical data and some 
limited projections for future operations.
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Discharges

■ = >
Time

FIG U R E 8: IM PA C T  ON OPERATING PROFILE O F  NEW DISCHARGE 
L IM IT S  FO R - REPROCESSING CAMPAIGNS

The plants operate with a discharge profile illustrated by curve C. This profile is
within the current discharge limits, illustrated by line A. The Agency proposes to I
reduce the margin between the maximum discharge (marked *) and the limit by ■
imposing new limits, illustrated by line B. Agency view is that plant operational
discharges can be ‘smoothed’ to give a profile shown by curve D. This will have the I
effect o f  constraining the Company to improve operational control in order to ■
maintain a comfortable margin between discharges and limits. BNFL’s view of the
future operating envelope is shown by curve E. The claim is that the operating I
envelope can not be smoothed in the way that the Agency suggest and that, in order to ®
maintain a comfortable margin between discharges and limits, the overall level of
discharges will have to be reduced. It is apparent that BNFL require a margin of some I
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65 -  75% between the discharge level and the limit, in order to provide the insurance 
they need to ensure no limit breaches.

Reducing the discharges in this way has the effect o f forcing plant throughput 
reductions that, in turn, extend plant lifetimes on the assumption that the quantities o f 
Magnox and Oxide fuel to be reprocessed is fixed.

A similar situation to the above occurs in the case of Magnox fuels o f higher than 
normal bum-up. BNFL believe that future reprocessing campaigns will have to deal 
with high bum-up fuel, but are unable to quantify this.

In the case o f plants dealing with legacy wastes, the situation is shown in Figure 9.

Discharges

FIGURE 9: IM PACT ON OPERATING PRO FILE OF NEW  DISCHARGE 
LIM ITS FOR LEGACY WASTE PROCESSING

The plants are, in the main, operated in campaigns in a batch process. The current 
limits, shown in line A, are substantially above the current operating profile as shown 
in curve C. The new proposed limits, shown in line B, reduce the headroom, but do
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not set a limit below the historical operating profile. BNFL claim that the new limits 
will compromise their ability to deal with legacy wastes in future processing 
campaigns, for which the second part (future) of curve C more closely fits the profile 
required by the Company. The Company can only keep within the new proposed 
limits by restricting discharges and consequently throughout. This will have the effect 
o f  extending plant operating lifetimes, on the assumption that there is a fixed quantity 
o f legacy waste to process.

2 Q  Junt 2002
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6. CONCLUSIONS

The new proposed Authorisation conditions have been analysed in terms o f cost. The 
costs are dominated by the possible costs associated with throughput restrictions 
resulting from reduced discharge limits.

There are large differences in some areas between the costs as provided by BNFL and 
those elicited externally (with assumptions as presented by the Environment Agency). 
The reasons for these cost differences have been examined and are presented in the 
body of this report and the appendices.

In summary, the differences of opinion regarding the cost of the new proposed 
Authorisation conditions arise for three categories of reason:

1. Differences of interpretation of costs; for instance, regarding the number o f new 
BPEO studies required, and the definition of a ‘major discharge stream’. This 
feature applies in particular to those proposed conditions relating to 
Environmental Management.

2. Differences o f perspective. For example, although the Agency may state that 
current standards of analysis are sufficient to meet their regulatory needs, BNFL 
will not submit certain data for public domain consumption unless it meets a 
certain BNFL quality standard. More importantly, BNFL are not in a position to 
be seen to be in breach of the letter or the spirit o f any Authorisation condition. 
For this reason, the Company has built ‘insurance’ costs into its estimates for 
regulatory compliance. This is particularly evident concerning BNFL’s view that 
the proposed new discharge limits will have a significant effect on costs, by way 
of reducing plant throughputs leading to extensions to plant lifetimes. This feature 
applies also to those proposed conditions relating to new sampling, analysis and 
reporting requirements.

3. Cost allocation; costs are incurred at BNFL Sellafield for more than one reason 
(safety, environmental, commercial, public relations etc.), sometimes in 
combination. Allocation of costs to the various categories can be problematical. 
This feature is evident across the whole range of cost differences.

The current project has highlighted these differences. However, there is an extensive 
overlap of view that should not be neglected. The major difference of view concerns 
the possible impact on future BNFL operations and costs associated with the proposed 
reductions in discharge limits. This difference can only be resolved by study and 
discussion of detailed BNFL business plans and models.
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GAP ANALYSIS
Proposal Notes on gap between 

current spend and spend if 
proposals are implemented.

Cost information required 
from BNFL.

(Note that 'cost' includes staff 
costs)

Cost information to be elicited 
from other sources for 

comparison.

1 The Agency proposes to introduce a single 
integrated certificate of authorisation for 
regulating waste disposal to air, sea and land 
from Sellafield.

New certificate replaces 
existing six certificates. This 
would only have cost 
implications if the Agency 
were not otherwise reviewing 
the authorisations.

Estimate possible changes in 
administrative and reporting 
costs associated with new 
certificate, if any.

Comparison with experience of 
other nuclear operators which are 
now operating under an integrated 
certificate.

2 The Agency proposes at the present time that 
there should be no increase in discharge 
limits above the current limits.

No direct costs at present. 
Future costs may be incurred if 
the limits lead to operational 
restrictions e.g. delays to 
decommissioning 
programmes, although this 
proposed condition is 
consistent with BNFL’s 
commitment of no increases in 
current limits and acceptance 
of increased business risk.

Can the costs of operational 
restrictions (if any) as a 
consequence of applying current 
limits be costed?

3 The Agency proposes to introduce new site 
limits for the principal radionuclides 
disposed of to air and sea from site. The 
proposed site limits apply to any period of 12 
consecutive calendar months and, in some 
cases, are less that the aggregate of individual 
plants limits.

No substantial change to 
current requirements.

i

Are any costs involved; e.g. for 
increased reporting and 
assessment? Confirm that no 
new analysis is required to meet 
this condition.
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Proposal Notes on gap between 
current spend and spend if 
proposals are implemented.

Cost information required 
from BNFL.

(Note that 'cost' includes staff 
costs)

Cost information to be elicited 
from other sources for 

comparison.

4 The Agency proposes to introduce new site 
limits for liquid discharges of antimony-125, 
neptunium-237 and curium-243+244 to sea.

Increased sampling, analysis, 
assessment and reporting.

Costs for sampling, analysis, 
assessment and reporting of 
three radionuclides. Are these 
radionuclides analysed for at 
present?

Costs for sampling, analysis, 
assessment and reporting of three 
radionuclides.

5 The Agency proposes to reduce annual limits 
for 14 and 8 radionuclides discharged to air 
and sea respectively from the site. These 
figures represent around 80% of the total 
number of annual limits for discharges to air 
and around 50% of the total number of 
annual limits for discharges to sea from the 
site.

No direct costs, unless BNFL 
believe this will lead to reduce 
operational efficiency with 
consequent increase in costs.

Confirm that no new costs will 
be incurred  due to lo w er lim its; 
or state and substantiate the 
costs resulting from operational 
restrictions.

6 The Agency invites comment on the 
su itab ility  for year on year progressive in 
discharge limits and upon the scale o f  any 
progressive reductions.

Not a proposal for 
implementation by BNFL

7 The Agency proposes to remove annual 
discharge limits for groups of plants, where 
reasonably practicable, and to introduce 
additional annual limits for individual plants.

Increased assessment and 
reporting of data.

Quantify number of new 
compliance points, and costs 
associated with increases in 
assessment and reporting. 
Confirm that no new sampling 
equipment will be required, and 
that no additional sampling and 
analysis is needed.

Additional costs for assessment 
and reporting.
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Proposal Notes on gap between 
current spend and spend if 
proposals are implemented.

Cost information required 
from BNFL.

(Note that 'cost* includes staff 
costs)

Cost information to be elicited 
from other sources for 

comparison.

BNFL state that individual 
plant limits may cause 
operational restrictions.

Can the operational restrictions 
as a consequence of meeting 
individual plant limits be costed 
and substantiated?

8 The Agency proposes to retain throughput 
related discharge limits for THORP and to 
introduce throughput related aerial discharge 
limits to the Magnox Reprocessing Plant.

Some administrative costs 
possible, although BNFL may 
also believe that this will lead 
to reduced operational 
efficiency with increase in 
cost.

Confirm whether administrative 
costs will be incurred and costs 
due to implementing 
throughput-related limits in 
B205 i.e. Determine 
cost/staffing/operational 
flexibility implications of rolling 
12-monthly limits as opposed to 
current calendar year (Jan-Dee) 
limits (for THORP).

•

9 The Agency propose to cap annual discharge 
relative to the annual fuel throughput for 
Magnox reprocessing and THORP of 1600 
tonnes uranium and 1200 tonnes uranium, 
respectively.

No apparent costs, although 
BNFL may believe that this 
will lead to reduced 
operational efficiency with 
increase in cost.

Confirm whether new costs will 
be incurred due to capping; or 
state and substantiate the costs 
resulting from operational 
restrictions.
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Proposal Notes on gap between 
current spend and spend if 
proposals are implemented.

Cost information required 
from BNFL.

(Note that 'cost' includes staff 
costs)

Cost information to be elicited 
from other sources for 

comparison.

10 The Agency proposes to introduce liquid 
waste discharge limits for Calder Hall 
nuclear power station for the purpose of extra 
regulatory control of discharges at source. 
The proposal, if implemented, will bring 
regulation of discharges from Calder Hall in 
line other nuclear power stations in England 
and Wales.

May be costs arising from 
reduced operational efficiency.

Additional sampling, analysis, 
assessment and reporting.

Confirm whether new costs will 
be incurred due to new limits 
due to operational restrictions at 
Calder; or state and substantiate 
the costs resulting from 
operational restrictions.

Estimate additional costs for 
sampling, analysis, assessment 
and reporting.

Additional costs for sampling, 
analysis, assessment and 
reporting.

11 The Agency proposes to require BNFL to 
develop a methodology to estimate the 
discharges from the major activities on the 
Sellafield site and to report estimated 
discharges on a calendar year basis.

Feasibility study plus 
methodology development.

Estimated costs of the study 
proposed.

Estimated costs of the study 
proposed, based on experience of 
similar work in the nuclear sector 
(if available).

12 The Agency proposes to require BNFL to 
consider the segregation of waste discharges 
when undertaking modifications to existing 
plant and in the design of new facilities.

Feasibility study. This gap 
analysis will be based on the 
assumption that subsequent 
steps e.g. modifications to 
existing PMP procedures etc. 
are not required at this stage.

Cost of feasibility study as 
proposed.

Cost of feasibility study as 
proposed, based on experience of 
similar work in the nuclear sector 
(if available).

13 The Agency proposes to require BNFL to 
report monthly discharges from a number of 
minor discharge outlets, namely:

Mixed Oxide Demonstration Facility Stack, 
B33

The Agency believe that no 
new stack monitoring 
equipment will be required. 
Costs of any additional 
sampling, analysis, assessment 
and reporting to be calculated.

Confirm that no new stack 
monitoring equipment is 
required, and that current 
equipment is of sufficient 
standard of accuracy and 
reliability.

'
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Proposal Notes on gap between 
current spend and spend if 
proposals are implemented.

Cost information required 
from BNFL.

(Note that 'cost’ includes staff 
costs)

Cost information to be elicited 
from other sources for 

comparison.

Waste Storage Facility (including waste 
retrieval) Stack, B41 
Waste Treatment Complex Stack, B80 
Highly Active Storage Tanks,
Cell Ventilation, B215 
Decontamination Centre Stack, B299 
Caustic Scrubber Stack, B268 
Plutonium Finishing Plant Stack, B299 
Salt Evaporator, Cell Ventilation, B303 
Segregated Effluent Treatment Plant, Main 
Stack, B384
Mixed Oxide Plant, C5 Glovebox 
Ventilation, B572
Enhanced Actinide Removal Plant, Main 
Stack, B804
Waste Packaging and Encapsulation Plant, 
Main Stack, B805

■

Estimate any increased costs of 
sampling, analysis, assessment 
and reporting of new 
compliance points.

Additional costs for sampling, 
analysis, assessment and 
reporting.

14 The Agency proposes to unify the regulation 
of short-term discharges by- replacing daily 
and weekly limits with weekly limits for 
some principal radionuclides.

New assessment and reporting 
requirements.

May reduce or increase 
operational flexibility, with 
cost implications.

Estimate costs of new 
assessment and reporting 
requirements.

Comment on changes to 
operational flexibility with 
estimated cost implications.

Additional costs for sampling, 
analysis, assessment and 
reporting.

15 The Agency proposes to introduce weekly 
advisory levels for some principal 
radionuclides in situations where enhanced

New assessment and reporting 
requirements.

Estimate costs of new 
assessment and reporting 
requirements.

Additional costs for sampling, 
analysis, assessment and 
reporting.
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Proposal Notes on gap between 
current spend and spend if 
proposals are implemented.

Cost information required 
from BNFL.

(Note that 'cost' includes staff 
costs)

Cost information to be elicited 
from other sources for 

comparison.

discharges may occur and weekly limits are 
inappropriate for plant safety reasons. *

May reduce operational 
flexibility, with cost 
implications.

Confirm that operational 
flexibility will not be 
compromised; or cost and 
substantiate impacts of 
operational restrictions.

-

16 The Agency proposes to standardise and 
strengthen quarterly notification levels for 
aerial and liquid discharges by setting them 
all at a quarter of the relevant annual site or 
plant limit and applying them to any rolling 
period of three consecutive calendar months.

New assessment and reporting 
requirements.

May reduce operational 
flexibility, with cost 
implications.

Estimate costs of new 
assessment and reporting 
requirements.

Confirm that operational 
flexibility will not be 
compromised; or cost and 
substantiate impacts of 
operational restrictions.

Additional costs for sampling, 
analysis, assessment and 
reporting.

17 The Agency proposes to remove the 
additional components to the existing annual 
discharges limits for the Salt Evaporator 
Plant.

No apparent direct costs, 
unless BNFL believe that 
removal of component will 
lead to operational restrictions 
with cost implications.

Confirm that the removal of the 
component will not lead to 
operational restrictions. If not, 
can the restrictions have cost 
implications?

18 The Agency considers there is scope to 
reduce the additional components to annual 
radionuclides discharge limits for SIXEP and 
proposes to reduce the limits accordingly.

No apparent direct costs, 
unless BNFL believe that 
removal of component will 
lead to operational restrictions 
with cost implications.

Confirm that the removal of the 
component will not lead to 
operational restrictions. If not, 
can the restrictions have cost 
implications?

(S715. R0I-095(S)) June 2002 Sellafield RSA93 Review
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Proposal Notes on gap between 
current spend and spend if 
proposals are implemented.

Cost information required 
from BNFL.

(Note that ’cost’ includes staff 
costs)

Cost information to be elicited 
from other sources for 

comparison.

19 The Agency proposes to remove the 
additional component to the existing calendar 
year waste disposal volume limit for 
WAMAC

No apparent direct costs, 
unless BNFL believe that 
removal of component will 
lead to operational restrictions 
with cost implications.

Confirm that the removal of the 
component will not lead to 
operational restrictions. If not, • 
can the restrictions have cost 
implications?

20 The Agency proposes to introduce new 
calendar year limits for solid waste disposals 
on the Sellafield site and by transfer to other 
nuclear sites.

Some administrative costs 
possible, although BNFL may 
believe that reduced limits will 
lead to operational restrictions 
with cost implications.

Confirm whether these are 
administrative costs and whether 
the change will lead to 
operational restrictions. If not, 
can the restrictions have cost 
implications?

*
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Proposal Notes on gap between 
current spend and spend if 
proposals are implemented.

Cost information required 
from BNFL.

(Note that ’cost' includes staff 
costs)

Cost information to be elicited 
from other sources for 

comparison.

21 The Agency proposes to revoke the generic 
inter-site authorisation that permits BNFL to 
transfer radioactive solid waste from 
Sellafield to any of its sites and to any 
UKAEA sites and instead to authorise 
transfer to two named sites

No apparent direct costs, 
unless BNFL believe that 
revocation will lead to 
operational restrictions with 
cost implications, or that new 
waste routes will have to be 
established.

Confirm that revocation will not 
lead to operational restrictions. 
If not, can the restrictions have 
cost implications which can be 
estimated and justified?

Do new waste routes have to be 
established? If so, what are the 
contractual and regulatory 
compliance costs?

22 The Agency proposes to no longer authorise 
the condition in the existing authorisation 
that permits BNFL to dispose of waste by 
burial in-situ.

May be costs involved due to 
operational restrictions and/or 
identification of alternative 
route for LLW.

Estimate and justify costs of 
operational restrictions, if any. 
Estimate costs of establishing 
alternative route, if applicable.

23 By agreement, HSE will assume primary 
responsibility for the future regulation of 
contaminated earth on the site, whether or not 
it is covered with buildings or concrete, and 
will consult with the Agency on such matters. 
The Agency will continue to regulate other 
disposals of radioactive wastes to landfills on 
the site.

Possible change in regulatory 
requirement.

Can change in this regulatory 
requirement lead to cost 
increases or decreases, or are
savings balanced by increased 
HSE involvement?

Regulatory costs comparison 
Agency/NII.

(S7I3, R02-095(S)) June 2002 Sellafield RSA93 Review
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Proposal Notes on gap between 
current spend and spend if 
proposals are implemented.

Cost information required 
from BNFL.

(Note that 'cost* includes staff 
costs)

Cost information to be elicited 
from other sources for 

comparison.

24 The Agency proposes to authorise 
contaminated concrete and rubble arising 
from decommissioning work to be disposed 
of on the Sellafield site within annual limits 
related to volume and radioactivity 
concentration and to allow a limited 
extension to the existing landfill area on the 
site.

No substantial change to 
existing arrangements.

Confirm no cost implications or 
operational restrictions.

25 The Agency proposes to require BNFL to 
provide a post closure radiological and 
environmental safety assessment for the 
disposal of waste on the South Landfill and 
the Calder Flood Plain Landfill (including the 
extension).

New requirement for a PCSA. 
Scope of PCSA needs to be 
defined.

Quote costs of previous PCS As 
For on-site burial.

Comparative costs for carrying 
out PCSA for LLW burials at 
other sites e.g. AWE 
Aldermaston.

26 The Agency proposes to retain the existing 
activity concentration limits that relate to the 
disposal of contaminated earth and low level 
solid waste at Sellafield and Drigg 
respectively.

No substantial change to 
existing requirements.

Confirm no cost implications.

27 The Agency proposes to retain, and in some 
cases reduce, the calendar year limits relating 
to the transfer of low level solid waste to 
Drigg for disposal.

No direct cost implications, 
unless BNFL believe that limit 
reductions will lead to 
operational restrictions with 
cost implications.

Confirm that limit reductions 
will not lead to operational 
restrictions. If not, can the 
restrictions have cost 
implications which can be 
estimated and iustified?
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Proposal Notes on gap between 
current spend and spend if 
proposals are implemented.

Cost information required 
from BNFL.

(Note that 'cost' includes staff 
costs)

Cost information to be elicited 
from other sources for 

comparison.

28 The Agency proposes to introduce a revised 
BPM condition that requires best practicable 
means to be used to minimise the activity of 
radioactive waste produced that will require 
disposal under the authorisation.

No substantial change to 
existing requirements.

Establish costs of routine BPM 
analyses if these are already 
carried out.

Costs of routine BPM analyses at 
nuclear facilities.

29 A new condition is also proposed which 
requires best practicable means to be used to 
dispose of radioactive waste at times, in a 
form and in a manner so as to minimise the 
radiological effects on the environment and 
members of the public.

No substantial change to 
existing requirements.

Establish costs of routine BPM 
analyses if these are already 
carried out.

30 The Agency proposes to introduce a new 
condition, which requires BNFL to have a 
management system, organisational structure 
and resources sufficient to achieve 
compliance with the limitations and 
conditions of the authorisation.

BNFL Sellafield currently 
operates under the terms of an 
Environmental Management 
System (EMS). Can the new 
and changed requirements be 
easily integrated within the 
EMS.

Estimate increased costs 
resulting from new management 
systems or modifying existing 
system.

Costs of establishing, maintaining 
and/or modifying EMS at 
complex industrial sites.

Costs of implementing new 
Agency conditions at those 
nuclear sites where a similar 
condition applies, based on recent 
experience (e.g. Amersham, 
AWE).

31 The Agency proposes to remove the 
conditions in the current authorisation for the 
discharge of liquid waste to sea that refer to 
the control of discharges of tributylphosphate 
and other organic solvents. The Agency 
proposes to regulate such discharges in the

Administrative and 
applications costs incurred by 
varying an IPC authorisation, 
unless current IPC 
authorisation already includes 
this requirement.

Estimate the resources needed to 
prepare application for IPC 
variation if required.

a. regulatory and b. operator costs 
of IPC variations. Is cost of 
compliance with IPC 
authorisations substantially 
different from cost of compliance 
with RSA authorisations?

(S715, R02-095(S)) June 2002 Sellafield RSA93 Review
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Proposal Notes on gap between 
current spend and spend if 
proposals are implemented.

Cost information required 
from BNFL.

(Note that 'cost' includes staff 
costs)

Cost information to be elicited 
from other sources for 

comparison.

future under the existing authorisations for 
integrated pollution control issued to BNFL 
for Magnox and Oxide Fuel reprocessing 
under the Environmental Protection 
Act 1990.

32 The Agency proposes to require BNFL to 
introduce appropriate management and 
written procedures that require BPEO/BPM 
assessments to be carried out for all new 
waste streams requiring disposal.

Procedures to be written and 
integrated into EMS, if such 
procedures do not already 
exist.

Estimate costs of BPEO and 
BPM studies. Estimate required 
number of assessments which 
will be required for new waste 
streams per annum.

Standard costs of BPM and BPEO 
studies at nuclear facilities.

33 The Agency proposes to require BNFL to 
install sampling/monitoring equipment to 
enable aerial discharges from the Magnox 
Reprocessing Plant to be independently 
monitored.

New equipment -  capital and 
operating costs.

Confirm and substantiate 
estimate of £100K for new 
equipment.

Operating costs to be estimated, 
included the additional sampling 
and analysis costs.

Capital and operating costs for 
gaseous radiochemical discharge 
sampling and analysis.

34 The Agency proposes to require BNFL to 
undertake a programme of improvements to 
its monitoring arrangements in the 
environment around Sellafield site.

Increase over existing 
requirements, but scope not 
defined.

Estimate additional 
environmental monitoring costs, 
based on a defined scope.

Costs of environmental 
monitoring programmes.

35 To implement the use of an ion exchange 
material to abate discharges of cobalt-60 
when enhanced levels of the radio nuclear 
occur in THORP fuel ponds, if plant trials are 
proven to be successful.

Capital and operating costs.

£2m ‘lifetime’ costs estimated, 
from Agency summary.

Estimate capital and operating 
costs of ion-exchange unit.

Or: Comment on Agency 
costing

Costs of ion exchange plant 
(capital plus operating) at nuclear 
sites.
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Proposal Notes on gap between 
current spend and spend if 
proposals are implemented.

Cost information required 
from BNFL.

(Note that 'cost' includes staff 
costs)

Cost information to be elicited 
from other sources for 

comparison.

36 To ensure that, where reasonably practicable, 
purge water from B27 Fuel Pond is 
transferred to SIXEP for removal of 
strontium-90 and caesium-137, rather than 
discharged to sea via SETP.

Operating costs. ‘Where 
reasonably practicable’ to be 
defined. Lines and connections 
are already installed.

Comment on practicability and 
estimate operating costs. 
Confirm that there are no capital 
costs.

37 To re-route, where reasonably practicable, 
purge water from B29 Fuel Pond from SETP 
to SIXEP for removal of strontium-90 and 
caesium-137 before discharge to sea, if the 
pond water is confirmed to be compatible 
with the ion exchange process in SIXEP.

Feasibility study, followed by 
possible capital and operating 
costs. ‘Where reasonably 
practicable’ to be defined.

£10m ‘lifetime’ costs, from 
Agency summary.

Estimate costs of feasibility 
study. Comment on 
practicability and estimate 
capital and operating costs.

Comment on Agency figure.

Comparison to be carried out 
when BNFL specify capital 
equipment required and 
associated costs.

38 To report to the Agency the results of plant 
trials with the addition of iodic acid to the 
fuel dissolution process in THORP. If the 
trials are successful in reducing aerial 
discharges of iodine-129 BNFL shall provide 
a programme for the implementation of this 
abatement or justify why it is inappropriate to 
do so.

Experimental programme to be 
costed, followed by possible 
capital and operating costs. 
Estimated at £0.5-1.0m, from 
Agency summary.

Estimate costs of plant trials.

Estimate capital and operating 
costs, or estimate costs of 
preparing a case for not carrying 
out the modification.

Comment on Agency estimate.
39 The Agency proposes to include in the draft 

authorisation a requirement for BNFL to 
monitor its environmental performance and 
to submit an annual environmental 
management report.

This may be part of current 
EMS requirements.

Estimate costs of summarising 
environmental monitoring 
programme, if not currently 
done.

Costs of reporting on 
environmental performance at 
complex industrial and nuclear 
sites.

40 The Agency proposes to require BNFL to 
provide an annual report that provides details

This may be part of current 
EMS requirements.

Estimate additional reporting 
costs, if not currently done.

Costs of producing environmental 
reports at complex industrial and

(S7I5, R02-095(S)) June 2002 Sellafield RSA93 Review
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Proposal Notes on gap between 
current spend and spend if 
proposals are implemented.

Cost information required 
from BNFL.

(Note that 'cost' includes staff 
costs)

Cost information to be elicited 
from other sources for 

comparison.

of the measures that have been introduced to 
reduce discharges over the past 12 months.

nuclear sites.

41 The Agency proposes to continue to require 
BNFL to undertake regular reviews of 
developments worldwide in best practice for 
minimising all waste disposals. The outcome 
of the reviews, together with strategy for 
achieving reductions in discharges, will be 
reported to the Agency as required in the 
draft authorisation.

Table-top literature searches, 
plus analysis of findings plus 
reporting. The Agency 
proposal implies that this work 
is already done routinely, as 
this is an existing requirement 
in the liquid and gaseous 
discharge authorisations

Estimate costs of additional 
literature searches, analysis of 
findings, and preparing report, if 
there are differences to current 
arrangements.

Costs of reviews as carried out by 
other nuclear operators.
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Proposal Notes on gap between 
current spend and spend if 
proposals are implemented.

Cost information required 
from BNFL.

(Note that 'cost* includes staff 
costs)

Cost information to be elicited 
from other sources for 

comparison.

42 The Agency proposes to require BNFL to 
provide an annual report which includes 
detailed findings of research on the behaviour 
in the environment of radionuclides 
.discharged from Sellafield, with the objective 
of improving understanding of the effect on 
the sustainability of ecosystems and 
communities of wildlife species.

This is an existing requirement 
in the liquid and gaseous 
discharge authorisations. 
Possible additional research, to 
be scoped.

Estimated costs of additional 
environmental studies. Can 
BNFL define the scope of the 
additional requirements, 
according to their current 
understanding?

Costs of environmental studies 
covering environmental impacts 
of activities at complex industrial 
and nuclear sites.

43 To provide a report of comprehensive review 
of whether current disposal routes for all 
limited radionuclides continue to represent 
the best practicable environmental option. 
The report shall include a programme for 
carrying out any necessary changes identified 
by the review.

Can be done by development 
of existing BPEO studies, or a 
re-start. New Agency 
methodology for BPEO will be 
available during the period for 
which the new authorisation is 
in force.

Confirm and justify BNFL 
estimate of £55K per study. 
Estimate number of studies 
required and basis (e.g. by 
radionuclide, by plant?). 
Describe procedures for BPEO 
work currently in place, and 
experience of costs.

Range of costs for comparable 
studies at nuclear sites.

44 To provide a report of a comprehensive 
review of the means used to assess the 
activity of radionuclides in waste disposals 
and the environment. The report should 
include:

(i) the results of investigations to determine 
whether the accuracy, precision and 
discharges and environmental monitoring can 
be improved; and

Done by means of a new 
study, or development of 
previous studies.

Estimate the costs of reviewing 
measuring techniques and 
comparing them with best 
practice in the nuclear industry.

(S7I5, R02-095(S)) June 2002 Sellafield RSA93 Review 
Main Review Decision Document 

m  S i W i n ^ B i r m r
35



Proposal Notes on gap between 
current spend and spend if 
proposals are implemented.

Cost information required 
from BNFL.

(Note that 'cost' includes staff 
costs)

Cost information to be elicited 
from other sources for 

comparison.

(ii) a review of aerial and liquid waste 
sampling/monitoring systems and associated 
procedures and consider consistency across 
Sellafield site.

Calculated (as opposed to • 
actual) doses may increase or 
decrease as accuracy is 
improved. This could have 
impacts on compliance with 
new limits.

45 To provide a report of an investigation to 
determine whether it is practicable to 
minimise the carbon-14 content of spent 
Magnox fuel by reducing the nitrogen 
impurity level in fuel during manufacture.

Research to be costed, 
commissioned and reported. 
This should be initially a paper 
exercise

Estimate costs of research.

46 To provide a report of investigation to 
determine whether it is practicable to transfer 
groundwater from Borehole 68 to SIXEP for 
abatement of caesium-137 rather than 
discharging it to sea via SETP. The 
investigation should be sufficient detailed to 
determine whether the transfer and abatement 
represents the best practicable means for 
minimising discharges to sea.

Research to be costed, 
Commissioned and reported.

This should be a paper 
exercise

Estimate costs of research.

47 To submit a report describing current work 
and any future proposals for the reprocessing 
of spent Magnox fuel in the Thermal Oxide 
Reprocessing Plant (THORP).

Data collection and reporting 
required.

Estimate additional costs of data 
collection and preparing a 
summary report for the Agency.

48 To provide a detailed breakdown of alpha 
radionuclide discharges resulting from 
individual decommissioning projects and a

Data collection and reporting. Estimate additional costs of data 
collection etc.
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Proposal Notes on gap between 
current spend and spend if 
proposals are implemented.

Cost information required 
from BNFL.

(Note that 'cost' includes stafT 
costs)

Cost information to be elicited 
from other sources for 

comparison.

justification that the proposed disposals 
represent BPM

49 Ref. Kr-85 information requirements 5 and 6 
in schedule 12 of current gaseous discharge 
authorisation will be removed.

Saving resulting from removal 
of these requirements.

50 To require BNFL to report quarterly on 
progress towards reducing technetium-99 
discharges.

Reporting of work under way, 
based on reports which will be 
prepared under other 
requirements. May be 
additional reporting costs.

Estimate additional costs of 
summarising existing reports for 
submission to the Agency.
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British Nuclear Fuels pfc
Sellafield

Seascaie
Cumbria CA20 IPG
Tel: 0 1 9 4 6 7  28333
Fax* 019467 28987 
Telex: 64237

Dr M Emptage 
Environment Agency 
Ghyll Mount 
Gillan Way
Penrith 40 Business Park
PENRITH
Cumbria

Dear Dr Emptage

RSA Authorisation Review -  Closure of Calder Hall

Thank you for your letter o f 21 June regarding the recent BNFL announcement on Calder Hall.

I can confirm that it is BNFL’s intention to cease power generation from all four reactors by 3 1 
March 2003. Between now and March 2003, our plan is to re-start Reactor 1 as soon as possible. 
We then hope to re-start a second reactor in the Autumn, with tfie possibility of returning a third 
reactor to service early in the new year.

The main technical activity up to March 2003 will be planning for the defuelling and subsequent 
decomissioning of the power station and getting the reactor corps and fuelling routes ready for this 
work.

We note that you are considering halving the proposed Argon-41 annual limit in view o f this 
announcement. In view of the methodology for calculating the discharges of Ar-4I, a halving o f 
the limit should, therefore, be acceptable to us, providing the new Authorisation is not issued prior 
to October 2002. However, we would wish to inform you of potential other consequences o f this 
announcement, namely:

1) The early availability (and reprocessing) of shorter-cooled magnox fuel from Calder -  and 
hence, potential increased discharges of short half-life isotopes.

2) The defuelling and post-operational clean out of the realtors may give rise to increased 
liquid discharges at an early stage.

Direct tel: 0 1946774600 
Direct fex; 01946774797
e-mail:

Yotr ref: EA/02/3469/05 
Our ref: .

25 June 2002
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O f course, it is too early to provide details o f these, and other potentiaJ consequences. The A geily  
may wish to reconsider the above implications in the proposed new authorisation, to avoid the 
potential for early applications for increases in limits.

Yours sincerely

R G Morley
Manager, Environmental Discharges Strategy
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ENVIRONMENT AGENCY
NCr; i n /AriiiA

-8  J u L 2002

« i£  REF
Dr M R Emptage 
Environment Agency 
Ghyll Mount 
Gillan Way
Penrith 40 Business Park
Penrith
Cumbria
CA11 9BP

British N u c le a r Fuels p ic

Sellafield
Seascale
Cumbria CA20 1 PC 
Tel: 019467 28333 
Fax: 019467 28987 
Telex: 64237

Direct tel: 0 1 9 4 6 7  74600 

Direct fax: 0 1 9 4 6 7  74797
e-mail:

Your re f  SEL/SR00/157, 
SEL/SR01/218, SEL/SRO1/333 
SEL/SR01/345, SEL/SR02/120

Our ref: EA/02/3483/02, 
DDST/02/0379

4 July 2002

Dear Dr Emptage,

TRANSFERS OF WASTE FROM THE PREMISES OF BNFL AT THE SELLAFIELD SITE TO 
OTHER PREMISES

The following information is provided in response to several recent requests from yourselves for information 
on transfers of radioactive wastes to other nuclear sites (letters reference SEL/SR00/157, SEL/SR01/218, 
SEL/SR01/333 and SEL/SRO 1/345), and your most recent letter (SEL/SR02/120).

Background to transfers from BNFL Sellafield to UKAEA Windscale

BNFL transfers intermediate level solid waste (ILW) from the premises of BNFL at Sellafield to the 
premises of UKAEA at Windscale, Seascale, Cumbria. In view of the lack of substantive information from 
BNFL, the Environment Agency’s proposed limits in the Explanatory Document for these transfers of ILW 
(see below) have been based on the existing limits granted to UKAEA, for return of ILW radioactive waste 
from UKAEA, Windscale to BNFL Sellafield (Authorisation number: BH5285, effective date 2nd June 2000).

EA’s proposed limits on transfers of waste from BNFL Sellafield to other premises (July 2002)
Person to whom 

waste may be 
transferred

Radionuclide or Group of 
Radionuclides

Annual Limit, 
GBq

Activity 
Concentration 
Limit, GBq/te

Annual 
Volume4 Limit, 

cubic metres
Transfers o f  Intermediate Level Waste
UKAEA at Windscale 
for the purpose of 
processing prior to 
storage at Sellafield 
4 w  , — _____.----------- -

Alpha-emitting radionuclides 

Beta-emitting radionuclides

1.6E+06

1.3E+08
Not Specified 78

Volume means the net raw volume of the waste and its primary containment (immediate packaging) unless otherwise 
specified
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The materials consigned to B13 under the User Agreement, are essentially a mixture of low lev* ai 
intermediate level wastes which require separation and, in some cases, sentencing and repackaging f tfo  
return to the Sellafield licensed site.

These mixed low and intermediate level wastes are generally I
a) from plants, which are undergoing POCO or decommissioning, comprising fuel in containers, which hi 

corroded over the years. In these cases, the fuel must be separated from the containers or the noBfw 
matrix, allowing for appropriate treatment, sorting and sentencing; |

b) a mixture of ILW and LLW (e.g. such as masonry), where sorting and sentencing is required;
c) large items of ILW such as swarf trolleys, which must be size reduced and packaged for disposal, g

The justification for these transfers is that B13 is currently identified as the most suitable place to undertak 
processing of a range of fuel and decommissioning wastes following a number of project-specific proce«in£ 
option studies. There are currently no suitable facilities for carrying out the proposed waste processing Borl 
on the BNFL site.

BNFL are currently using B13 at Windscale to provide a sorting and characterisation service, althougj its 
precise role is under review. However, the use of this facility for waste minimisation has increased over 
recent months and there is a need for BNFL to re-estimate the activity and volume of waste to be transferred 
to B 13 in future years, in order to ensure that operations and decommissioning activities are not constrairMi.

Page 2 of 5 ^

We would wish therefore, that not only does the Authorisation for transfer of solid waste from Sellafield to 
UKAEA (B13) make suitable allowance for uncharacterised mixed waste from new plants or processes,But 
also ensures that suitable headroom is made available to ensure that existing and future operations are*lot 
constrained.

iProposals for revision of draft limits

The proposed activity limits for transfer of ILW to UKAEA at Windscale for the purpose of processing p A r  
to storage at Sellafield are currently deemed acceptable to BNFL. I

However, the proposed volume limit of 78 m3 for the transfer of ILW to UKAEA at Windscale (net r w  
volume of the waste and its primary containment [immediate packaging]) is inappropriate, as it is basedBn 
the UKAEA equivalent for the return of ILW from UKAEA, Windscale to Sellafield.

These returns of ILW take place after treatment in B13 (waste segregation, size reduction, and increajBi 
packing efficiency) and therefore do not reflect the net raw volume including primary containment. ®

For transfers of ILW from Sellafield to B13 the waste is in its raw form (including primary containmeB) 
prior to any waste segregation, size reduction and repackaging. The volume limit needs to reflect tie  
transfers in their unconditioned waste form prior to treatment in B13, as BNFL and UKAEA will need to 
manage compliance with any limits, in respect of the transfers in their unconditioned form.
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The typical level of volume reduction achieved within B13 for typical waste arisings has been examined an 
is shown in the table below.

Typed Volume Reduction

Donor Hart WGsteType W ifrefts&c&on Com rents
B Cfeh&xveyivaends bLP/0 vairre nedxccn hr/a
B O ufcits 75 Z o P6SLrregic6s\tii reduction cf /£%
wEP Unervieste 33% 2fflasks k m  WEP, assuring vd u re  reduction of a 1.
NG1C Calridges 79% vfclirre hfedxucn ̂ ealytlasKvmre/ u sirrecr liners out)

The volume reduction achieved in B13 will vary from year to year, and project to project, however, it is 
practical that items similar to the liner waste in WEP, could account for 100% of the waste received in any 
year. Therefore, using the lowest volume reduction value of 33% to predict the transfer volumes, on worst 
case basis, corresponding to the volume limit (derived from return of ILW radioactive waste from UKAEA 
Windscale to BNFL Sellafield) a transfer limit can be justified for ILW (as shown below).

E A  P ro p o s e d  
A n n u a l V o lu m e  

L im it, 
c u b ic  m etre s

V o lu m e  R e d u ctio n B N F L  R equired  Volum e 
Lim it, cu b ic  m etres 
(raw  IL W  [in clu d in g  

p rim a ry  conta inm e nt])

78 33d/o 234

In addition, as mentioned previously, some of the material sent to BI3 would be low level waste (LLW) 
mixed with ILW. As the separation process can only be undertaken in a shielded facility, this must be carried 
out in B13. Accordingly the appropriate LLW volume must be included in the BNFL volumetric requirement 
for potential ILW being consigned from Sellafield to Windscale. Therefore the required ILW volume limit of 
234 cubic metres (as derived above) should be added to the EA's proposed volume limit on LLW of 3200 
cubic metres.

Waste Category EA Proposed Annual 
Volume Limit, 
cubic metres

BNFL
Required

Waste
Category

BNFL Required Volume Limit, 
cubic metres (raw 

fincluding prim ary 
containment])

ILW 78
■ ILW/LLW 3,200 + 234 = 3,434

LLW 3,200
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Overview of Proposed Arrangements

BNFL and UKAEA will manage the processing of materials at UKAEA (within B13), and will comply 
the transfer limits applicable to both ILW and LLW returned from UKAEA site to BNFL at Sellafield. This 
proposal would introduce a management system that does not require a retrofit to transfer volumes at 
activity levels, following characterisation of the waste in B13.

The requested volume limit should ensure that operations and decommissioning activities are not 
constrained. These may however need to be re-examined as a result of the continuing developments and thf 
strategy for dealing with historic wastes.

The current arrangements for transfers of waste between Sellafield and the UKAEA Nuclear Licensed SiteS 
(B13) at Windscale will continue for the foreseeable future. BNFL believes this facility offers the best optior® 
for these waste streams and that this is consistent with the requirements of BPM.

• These arrangements will assist BNFL to minimise the amount of solid waste, through segregation and! 
size reduction. They will also ensure that the waste is properly managed and that the radionuclide 
content is assessed and characterised, and fully recorded. |
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• The use of B13 will ensure compatibility with the requirements for the waste storage / treatment plani 
(LLW and MBGW).

• In the case of fuel recovery, will ensure that retrieval is managed, in order to minimise the volume anc 
activity of any radioactive waste.

• Associated management systems will ensure that all transfers transparent and recorded and reported 
against the appropriate limits.

Regardless of any limits set, BNFL will continue to operate to BPM, applying all reasonably practicable 
measures to minimise the amount of radioactive waste created and requiring disposal. Since the transfer 
routes referred to are made primarily for the purposes of waste minimisation and do not directly result in 
authorised discharges, it is not appropriate to determine whether such transfers represent the best practicable 
environmental option in terms of discharges to the environment.

Yours faithfully,

f . RG Morley
Manager, Discharge Disposals Strategy Team 
B407/1

Copied to: Regulatory Liaison Office, B113
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BNFL
ENVIRONMENT AGENCY 

NORTH AREA
British N u cle a r Fuels pic

Sellafield 
Seascale
Cumbria CA20 1 PC 
Tel: 019467 28333 
Fax: 019467 28987 
Telex: 64237

FILE REF

Dr D Ferguson 
Environment Agency 
Ghyll Mount 
Gillan Way
Penrith 40 Business Park
Penrith
Cumbria

Direct tel: 019467 74600 
Directfax: 019467 74797 
e-mail:

Your ref:

Our ref: EA/02/3469/09 
DDST/02/0383

10 July 2002

Dear Dr Ferguson

GENERIC CONCERNS RELATING TO THE DRAFT DECISION DOCUMENT

BNFL has a number of generic concerns arising from the Agency’s draft Decision Document. 
Most, if not all, of these issues have been shared with the Agency in previous correspondence.

Whilst recognising the forward progress made in terms of understanding the requirement for 
appropriate specific limits, BNFL remain concerned regarding the risks to achieving programmed 
operations at Sellafield, created by a ‘minimum headroom’ authorisation regime on top o f a 
multiplicity of limits. This is contrary to draft Statutory Guidance, in that it places excessive 
burdens on business, and contrary to the draft UK National Discharge Strategy, which states that 
BPM/ALARA is a central tenet of the way by which progressive reductions in discharges should 
be controlled. The National Strategy also states that the OSPAR objective will be achieved by 
application of BPM/ALARA. BNFL have demonstrated continued and progressive reductions in 
discharges by this means and will continue to do so, regardless o f the limits in place at the time. 
We note also that measures taken to reduce discharges should avoid increasing risks to workers. 
The nature of the proposed new authorisation will place an additional burden on sampling, 
monitoring and general compliance by individuals.

The benefits of the Agency’s proposals, as stated in the Resource Impact Assessment, are difficult 
to quantify. It is misleading for the Agency to quote the savings in doses at the limits and compare 
them on balance with the costs to BNFL of the new authorisation. The actual savings in doses will 
most likely by very small indeed, arising out of BNFL continually operating to BPM. Any 
significant reductions in actual discharges in the near future will be a consequence o f either not 
achieving programmed operations, or planned plant shutdowns (for example Calder Hall in 2003). 
BNFL contests that the cost of the Agency’s proposals are grossly disproportionate to the benefits.

With regard to the medium-term future, the levels of radioactive discharges into the environment 
arising from historic waste management and decommissioning are subject to some particular 
uncertainty. Proper effective conduct of historic waste management and decommissioning, taking
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into account the need to achieve appropriate standards of environmental protection, may justify an 
increase in one or more principal Site discharge limits. BNFL remains convinced that benefits to 
efficient and effective regulation of its activities could be secured if there were to be an 
authorisation schedule which proposes secondary extended Site limits to be used in specified 
circumstances when use of Best Practicable Means may not secure compliance with the principal 
Site limit(s).

Whilst recognising the established place in the scheme o f regulation occupied by the Quarterly 
Notification Level (QNL) - in particular that a QNL is not a limit - the systematic reduction of 
headroom combined with a general setting of the QNL at 25% of the limit does pose a 
presentational challenge. It is foreseeable that from time-to-time BNFL will exceed a QNL 
consequent upon delivering necessary and justified work programmes in a way which complies 
with relevant statutory duties. There is scope for the public and others to misunderstand the role of 
the QNL in these circumstances, with a consequent need for clear explanation and context in order 
to avoid unnecessary anxiety. BNFL would be pleased to work with Agency so that a contingency 
plan is put is place.

BNFL has concerns with regard to the proposal to set both activity and volume limits for transfers 
o f solid waste material between the registered sites of BNFL and UKAEA, both within the 
Sellafield Site perimeter. These transfers do not result in discharges to the environment. Any 
additional bureaucracy associated with this proposal would seem to outweigh the environmental 
benefits.

Yours sincerely

R  G Morley
Manager, Discharges and Disposals Strategy Team
Sellafield EHS&Q
B407/1

cc: Regulatory Liaison, B113
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BNFL
ENV1R0NMF

NOP"'
AGENCY
EA

D A T E
REC'D 15 JUL 2002

FILE REF

British N u c le a r Fuels pic

Sellafield
Seascale
Cumbria CA20 1PG 
Tel: 019467 28333 
Fax: 019467 28987 
Telex: 64237

Dr M Emptage 
Environment Agency 
Ghyll Mount 
Gillan Way
Penrith 40 Business Park
Penrith
Cumbria

Direct tel: 019467 74600 
Direct fax: 019467 74797 
e*mail:

Your refi

Our ref; EA/02/3469/07 
DDST/02/0382

12 July 2002

Dear Dr Emptage

SIGNIFICANT ISSUES OF CONCERN RELATING TO THE DRAFT DECISION  
DOCUMENT

BNFL welcomes the progress made during discussions regarding the proposals for the next BNFL 
Sellafield Authorisation and believes that significant progress has been made in resolving specific 
issues of concern. There are, however, a few outstanding issues, o f crucial importance, which we 
consider must be addressed in the proposed certificate o f Authorisation accompanying the draft 
decision document. These are summarised below, with more detailed information provided in the 
attached appendices. It is believed that sufficient information has been provided in this letter for 
the Agency to take action to resolve the outstanding specific issues. Issues of a more generic 
nature are addressed in a separate letter (EA/02/3469/09) dated 10 July.

The outstanding specific issues associated with the draft certificate of Authorisation are:

- . A small number of proposed site and plant annual limits 
Proposed plant weekly limits 
Monitoring requirements for ponds 
Changes to the future operation of the Calder Hall reactors 
Proposal to reduce the Co-60 liquid limits 
Solid waste issues
Clarification regarding use of QNLs 
Other issues and points of clarification.

An example of the importance which BNFL attaches to these issues is demonstrated by the 
proposed limit for Pu-241 liquid discharges from SIXEP. On the basis o f the previous twelve 
months discharges, then the proposed limit would have already been breached. BNFL is very 
concerned at the setting of a limit which will so obviously be at risk of being breached based on 
current discharges.
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As indicated above, BNFL believes that the majority of the specific contentious issues have been 
effectively resolved by the ongoing dialogue with yourself and your colleagues at Penrith, and it is 
hoped that the remaining outstanding issues can be resolved in a timely manner.

This letter is being copied to G Davies and R Haworth of the Nil for information. Discussions with 
the NO have confirmed that they are concerned about the potential o f the proposed Authorisation 
to restrict operations, particularly those associated with Magnox reprocessing and the HAL 
reduction programme.

Yours sincerely

R  G M orley
Manager, Discharges and Disposals Strategy Team
Sellafield EHS&Q
B407/1

cc: G Davies (NH)
R Haworth (Nil)
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The latest version of the draft decision document sets annual limits for SIXEP liquid discharges, 
which are in addition to the corresponding Sellafield site limits. Recent SIXEP performance during 
late 2001 and 2002 indicates that the proposed limits are close to or less than actual discharges for 
the following species:-

Total alpha
- Pu (alpha)
- Pu-241
- Sr-90

Recent SIXEP Performance During 2001 and 2002
Recent SIXEP performance from about October 2001 up to present has resulted in about a ten fold 
increase in the average monthly discharge for the aforementioned species over previous 
performance.

The reduced performance is believed to be due to a combination of the following factors

i) Reduced liquor feed pH.
ii) Increased activity challenge from higher bum-up and/or damaged Magnox fuel stored 

in the FHP pond.
iii) Reduced SIXEP sand filter bed depth in one of the three filters.
iv) Increased carryover of Magnox sludge solids from B315 due to leaking weir gates.

The effect of the above on the SIXEP treatment process is:-

i) Dissolution o f Magnox sludge and associated alpha species in the SIXEP feed. This 
prevents the alpha species from being removed by the sand filters and hence increases 
the discharges of Total alpha, Pu (alpha) and Pu-241 species.

ii) Dissolution of the magnesium part of the Magnox sludge in the SEXEP feed. This 
allows soluble magnesium to pass through the sand filters into the ion exchangers and 
compete with caesium and strontium for ion exchange sites. This reduces the removal 
of both caesium and strontium.

BNFL is employing BPM to resolve the issues. Current status of the aforementioned causes is:-

i) The feed pH is being increased by an increase in B30 pond purge flowrates - further 
. improvement planned this year.

ii) Higher burn-up Magnox fuel will continue to be handled through FHP for several more 
years.

iii) The shallow sand filter bed has been replaced.

iv) One of the three B315 weir gate seals has been replaced -  the other two will be replaced 
before the end o f2002.

Appendix X -  Inadequate Liquid Plant Limits at SIXEP

Sellafield R SA93 Review 
Main Review  Decision Docum ent 

Supporting Information 
39



It is hoped that these actions will result in an improvement in SIXEP performance, though the 
effect may be limited to preventing further deterioration of performance over the coming months. 
Ongoing efforts will be made to return discharges to pre-October 2001 levels, but it is possible that 
discharges will continue at the current higher levels.

Conclusions
Recent discharge data shows that Pu (alpha) and Pu-241 could exceed the Agency’s proposed 
plant annual limits for SEXEP. Plant annual limits o f 4.00E+02GBq and 1.50E+04GBq for Pu 
(alpha) and Pu-241 respectively for SIXEP should allow operation of the plants without undue risk 
to the Company. In the case of Pu-241, it would be prudent to increase the site annual limit by 
a corresponding amount, to reflect the most recent information, though BNFL is not seeking an 
increase above the current site limit.

Consideration should also be given as to whether headroom between current discharges from FHP 
and SLXEP and the other proposed plant limits has been reduced too much in light o f the most 
recent data. A small increase to reflect the recent increases in discharges and uncertainty relating 
to future discharges would seem appropriate for several of the plant limits. Aerial FHP Cs-137 
discharges are a particular concern, with the recent 12 month rolling discharge showing a large 
increase. To allow for the current uncertainty in future aerial discharges of Cs-137 from FHP, it is 
therefore proposed that the proposed limit, of 1.30E+02MBq, is increased by about 20%. A full 
technical justification for this increase cannot be provided at the present time, but the proposed 
change would give both BNFL and Agency greater confidence that, given the current uncertainty 
regarding the magnitude o f discharges, that a variation to the plant limit would not have to be 
sought immediately following the introduction of the new Authorisation. BNFL is continuing to 
employ BPM, as described above, and it is hoped that timely remedial action to resolve the current 
issues will result in a reduction in discharges in the long-term, satisfying the requirements of the 
Agency, N il and BNFL.
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BNFL wrote to the Agency in October 2000 to explain the methodologies used to predict future 
discharges from all its plants on the Sellafield site, and again in April 2001 to address concerns 
regarding the Agency’s initial proposals for individual plant limits.

In this correspondence, and in numerous verbal communications, BNFL have stressed its concern 
regarding the variability of Thorp fuel inventory levels for these radionuclides, which are dictated 
by variability in the levels of specific impurities in the fuel prior to its use in the reactor, and so are 
outside of BNFL1 s control. Also, it is not possible for BNFL to predict arisings from such sources, 
because precise impurity level information is not available for the fuels contracted to be 
reprocessed in Thorp.

To allow for this, BNFL strongly recommended, for all aqueous discharge streams (and aerial 
discharges from plant ventilation stacks) where Thorp is the sole or major contributor to the 
discharge, that the Agency ensure that their proposed plant limits incorporate at least 50% 
headroom above BNFL’s maximum predicted discharge requirements (“worst case” values). It is 
clear from the proposed plant limits that the Agency has not yet accepted these arguments.

In general, activation product tritium is believed to contribute at least one-third of the total fuel 
inventory but, for C-14, neutron activation of nitrogen impurity in the fuel is the major source.
The Agency are aware that recent discharges of aerial tritium at the Thorp stack (Nov 01 to Feb
02) per tonne of fuel processed have been significantly higher (about 50%) than expected from the 
burn-up and cooling of the fuel processed (the key factors used to calculate the maximum 
predicted discharge requirements). This has been linked to higher fuel impurity levels and 
consequent higher H-3 arisings in the spent fuel due to neutron activation in the reactor. BNFL are 
now seeing increased arisings o f C-14 in the Thorp DOG superhate stream linked with the 
processing of barium carbonate batches accumulated from processing the same fuel, so must 
suspect increased inventory levels as a potential cause.

C-14 arisings in the Thorp DOG aqueous discharge for the year ending 3 1st March 2002 
correspond to about 76% of the Agency’s proposed limit (APL) and during this period a total o f 
736 tonnes of fuel were reprocessed in Thorp. Scaling this to 1200 tonnes gives an indicative 
discharge of 124% APL. Such an annual rate of C-14 discharge from Thorp DOG is in line with 
design flowsheet expectations, whereas the APL is significantly below this level. BNFL suggest 
that the APL for C-14 in Thorp DOG discharges be increased to at least 500 GBq/year in response 
to the above concerns, a level of discharge which is < 2.5% of the Site limit for C-14 in aqueous 
discharges.

BNFL note that the APL for H-3 in Thorp DOG aqueous discharges has been set at a level which 
is potentially too restrictive, being only 25% above the BNFL “worst case” estimate. Other 
streams which make a larger contribution to the Site total aqueous H-3 discharge have been given 
greater headroom, probably for very good reasons notably the variability o f such arisings and that 
these plants have no means of abating H-3 in their discharges. It is not possible to definitively state 
at the present time whether these limits will prove to be too restrictive. However, the Thorp DOG 
C-14 treatment plant, which is a key plant designed to reduce arisings of C-14 in Thorp’s aqueous 
effluent discharges, also has no means of controlling H-3 arisings, nor should it do so as BNFL 
have demonstrated that marine discharge is the BPEO for tritium.

Page 5 of 25

Appendix 2 — Inadequate H-3 and C-14 Liquid Plant Limits for Thorp DOG
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Indeed, none o f the key abatement plants on the Sellafield site (EARP, SEXEP, Thorp DOG) ■ 
should be given potential restrictive plant limits for H-3 (or, it could be argued, any limits at all) a s |  
H-3 has a much lower environmental impact than the key species being abated in these plants and 
marine discharge has been accepted as the BPEO for tritium. Too restrictive H-3 aqueous 
discharge limits on these effluent treatment plants could therefore be viewed as contrary to the 
RSA requirement to apply BPM to minimise the impact of justified operations on the Sellafield 
site.
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Appendix 3 — Concerns Over the Agency’s Proposed Site Liquid Discharge Limits for the 
Short Half-life Radionuclides Zr-95 / Nb-95 and Ce-144.

Firstly BNFL would like to address each of the statements made in the Agency’s letter o f the 18th 
June 2002 (ref. MRE/706/02 SEL/SR01/851) on this issue.

The Agency are correct in their observation that 1994 was a year when significant changes were 
being made to the liquid effluent system at Sellafield with SETP and EARP commencing 
operations whilst the Sea Tanks (B241) were being taken off-line. During this changeover period, 
BNFL continued to sample and report separately to the Agency the monthly discharges from SETP 
(SPt 3250) and the Sea Tanks (SPt 777). However, in reporting collectively the monthly 
discharges during calendar year 1994 as requested by the Agency for the Authorisations review, 
BNFL deliberately added together the SPt 3250 and SPt 777 recorded discharges and reported 
these under the heading “SETP”. The statement extracted from BNFL’s Part A submission was 
meant to clarify this, but has resulted in a degree of confusion both within BNFL and in the 
Agency’s understandable declaration that the whole o f the data shown for 1994 is inappropriate for 
the purposes of setting future discharge limits. However, this is not the case as discharges from the 
Sea Tanks (SPt 777) ceased after July 1994 whilst at the same time recorded discharges for SPt 
3250 (SETP) changed from being initially “LOD” to become and remain consistently “real”.
Hence, BNFL must conclude that it is appropriate to take account of the recorded monthly 
discharges for SETP as from the end of July 1994 in determining appropriate discharge limits for 
these short half-life radionuclides.

The SETP Thorp factor of 0.0 GBq/t(U) you refer to (from the BNFL letter to the Agency dated 6th 
October 2001, ref. TOEA/2000/357N) relates to Zr-95 and it is quite appropriate to quote this as 
such due to the fact that the Thorp design flowsheet indicates a very small contribution o f 2.03 x 
10° GBq/yr forZr-95 /Nb-95 and no operational measurements for these species were available 
for the Thorp LAE discharge to SETP. Also, the Agency are correct to'point out that BNFL have 
notified them (in letter ref. EA/01/1195/03 dated 9 April 2001) o f a reduced maximum 
prospective discharge estimate for these radionuclides in the EARP Bulks stream o f 158.8 GBq/yr. 
The Agency's initially proposed plant limit of 200 GBq/yr [in the Explanatory Document (August 
2001)] thus provided for an operational headroom of only 25% above this revised “worst case” 
estimate. An explanation for this reduction was provided in BNFL’s letter which went on to 
recommend the use of the Thorp design flowsheet contribution o f 73 GBq/yr from MEB flushings 
to EARP as a “more realistic” estimate of future requirements, pending further information from 
the processing o f the higher bum-up and shorter cooled Baseload fuels in Thorp over the next few 
years.

BNFL is confident that the main potential future contribution from production operations in Thorp 
towards Site marine Zr-95 / Nb-95 discharges will be from the processing o f its effluent feeds to 
EARP and a smaller contribution from the Thorp feed pond discharge, and not from LAE 
discharges to SETP. However, there remains significant uncertainty and there can be no validation 
of the Thorp design flowsheet discharge expectations for the shorter ‘half-life’ radionuclides Zr-95 
/ Nb-95 [and Ce-144 (see later comments)], until Thorp reprocesses the higher burn-up and shorter 
cooled Baseload fuels which are planned over the next few years. This uncertainty is highlighted 
by the fact that, based on estimates of the annual average cooling o f the Thorp fuel processed to 
date compared with expectations for future years, source inventory levels for Zr-95 / Nb-95 could 
increase by as much as several million times. Although EARP Bulks Zr-95 / Nb-95 discharges to. 
date have remained at or below the “LOD”, with these facts, BNFL cannot be certain that this
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would remain the case in the next few years when the higher burn-up and shorter cooled fuel is 
scheduled to be handled in Thorp.

Nevertheless, Zr-95 / Nb-95 inventoiy levels in 2 year cooled Magnox fuel are 8000 times higher 
than Thorp reference PWR fuel (5 years cooled) and 22 million million (2.2 x 1013) times higher 
than the average inventory in the Thorp fuel processed to date. Hence, BNFL’s concerns regarding 
the adequacy o f the Agency’s proposed limits for Zr-95 / Nb-95 are centred on SHTP and the 
potential future challenges from reprocessing shorter cooled Magnox fiiel and possibly from future 
management o f the historic Magnox waste legacy on the Sellafield site.

The Agency are also quite correct in their observation that, unlike the Thorp factors, the Magnox 
GBq/t(U) factors do not appear to consider the potential influence of reprocessing this shorter 
cooled fuel in the future. The methodology used to determine the Magnox factors was explained to 
the Agency in BNFL’s letter o f the 9th April 2001 (ref. EA/01/1195/03) as being simply based 
generically on average monthly discharge measurements with no consideration of possible 
variance in Magnox fuel cooling, which is so important in correctly assessing the future limit 
requirements for short-lived radionuclides such as Zr-95 / Nb-95 and Ce-144. This generic 
assessment methodology, although the best that could be done at the time, is also inappropriate for 
these short-lived radionuclides, because it often resulted in the subtraction o f “LOD” based 
discharge measurements from “real” ones; hence, the inferred monthly Magnox contribution 
could be significantly different from the “true” value.

The statement the Agency refer to within BNFL’s letter of 16th November 2001 (ref.
EA/01/2532/01) on the justification of its business requirements for limits, under the heading 
“EARP Bulks”, does unfortunately relate to the Part A submission “worst case” discharge estimate 
and not the subsequently revised value. BNFL apologise for this oversight.

However, elsewhere in this letter, and in the subsequent letter (ref. EA/01/2532/02) commenting 
on the Agency’s methodology for setting limits as detailed in the Explanatory Document, BNFL 
have clearly expressed their concerns, albeit more qualitative than quantitative, regarding the 
Agency’s proposed significant reduction in the current limits for these short-lived radionuclides. 
Indeed, in the latter response, BNFL stated that it “would welcome further discussions with the 
Agency to resolve these issues”. These discussions have not taken place and BNFL staff have been 
very busy responding to the Agency’s requirement for a resource impact assessment, and so have 
not been able to spend the significant amount of time necessary to further analyse what is a 
complex situation.

It seems somewhat inconsistent that the Agency continue to insist on going forward with their 
technically unjustified proposals to significantly reduce the current limits for these species, when 
the Agency are quite prepared to introduce new limits for Np-237 and Cm-(243+244) without 
requesting any technical assessments from BNFL.

The Agency should give appropriate consideration to the uncertainties associated with the plant 
operating experience gained to date, future challenges and customer requirements and the 
significant sensitivity o f prospective discharges to even small variations in annual average fuel 
cooling. This cooling sensitivity being of particular concern regarding the inevitability of 
processing shorter cooled Magnox fuel towards the end o f the lifetime of B205 (if not earlier) and 
the greater uncertainty (for Magnox fuel compared to Thorp fuel) o f exactly what this variability 
could be. Consequently, BNFL’s position remains that their is no sound technical justification for 
significantly reducing the current site limits for Zr-95 / Nb-95 and Ce-144 at the present time.
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However, following the Agency’s recent letter (ref. MRE/706/02 SEL/SRO 1/851) dated 18th June 
2002, which stated that the Agency would be going ahead with its limit proposals for these 
radionuclides in the absence o f sufficient quantitative arguments from BNFL, a further assessment 
of historical discharge data has been performed in order to try and quantify factors which are 
indicative of the variance in annual average cooling of the Magnox fuel processed to date and 
hence potentially representative of the future challenge.

These assessments and the results obtained are described below as quantitative evidence in support 
ofBNFL’s concerns that the Agency's current limit proposals for Zr-95 /Nb-95 and Ce-144 are 
both premature and inappropriate to meet BNFL’s business requirements for the timely 
reprocessing of Magnox fuel and hence future site requirements for the management o f historic 
wastes.

Quantitative Assessment of the Agency’s Currently Proposed Limits for Zr-95 /  Nb-95

The assessment first examined the Agency’s proposed site Zr-95 /  Nb-95 limit in terms o f  the 
consequent allocations available for each of the most significant streams based on both historical 
rolling 12 month discharges up to year ending March 2002 and BNFL’s best estimate o f maximum 
prospective discharges. As this approach allocates all o f the proposed site limit to the key 
streams, it is important that utilisation of each “proposed stream allocation” does not exceed about 
80% as BNFL have justified a requirement for plant “operational headroom” o f at least 25%. The 
assessment considered both maximum and minimum historic rolling 12 month discharges, the 
degree of variance as illustrated by the ratio maximum / minimum and whether these discharge 
measurements were supported by “real” or “LOD” analytical results.

Ignoring the discharges from the Sea Tanks (January 1994 to July 1994), maximum historic site 
discharges correspond to year ending January 1997 and the main contributor was SETP. From the 
end of July 1994, monthly discharges from SETP were predominantly “real” up to August 1998. 
Discharges from the other streams have been consistently “LOD”, except for discharges from 
SIXEP which have been mostly “real” since September 2001. Although “LOD”, the ratio max. / 
rain, was observed to vary between a factor of 2 and 5, except for EARP Cones were the variance 
factor was 9. Taking, these facts into account together with BNFL’s best estimate o f maximum 
prospective discharges, SIXEP was given an allocation o f200 GBq/yr and Thorp R&S an 
allocation of 100 GBq/yr. The maximum historic utilisation of such “allocations” was between 80 
and 85%, and EARP Bulks was given an “allocation” of 200 GBq/yr (25% headroom above 
maximum prospective discharge estimate). These allocations leave no more than 1700 GBq/yr for 
SETP, if the Agency go ahead with the proposal to reduce the current site limit by about 76% to 
2200 GBq/yr.

For the reasons stated earlier, it is justifiable to discount any potential contribution from operations 
in the Thorp plant towards the monthly accountancy discharges recorded at SETP over the period 
end of July 1994 to end of August 1998. In this period, the only time a monthly discharge from 
SETP was “LOD” corresponded to zero t(U) throughput in the Magnox plant, but for a period 
early in 1997, when the Magnox plant was not operating, “real” discharges continued to be 
observed at SETP, so this period could be used to check the validity of the “Baseline Factor 
(GBq/mth)” provided earlier to the Agency. This assessment indicated a slightly higher Baseline 
Factor of 14.3, which has been applied in the “corrected” calculation of maximum prospective 
SETP discharges described below.
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It has therefore been possible to examine a'continuous data set, when SETP discharges were 
consistently “re a r , in terms of the corresponding t(U) throughput in the Magnox plant. Over each 
rolling 12 month period, the cumulative Zr-95 / Nb-95 discharge from SETP was aligned to the 
corresponding rolling 12 month cumulative t(U) throughput and then used to calculate an 
indicative vear average Magnox GBq/t(U) factor. The variation in these year average Magnox 
GBq/t(U) factors was examined over this period o f “real” discharge measurements and the ratio 
max. /  min. used to determine an indicative fuel cooling variability adjustment factor for Zr-95 / 
Nb-95. This was so determined as 4.67 and can be equated to an annual average cooling variation 
of only 0.4 years based on the decay equation for Zr-95.

I f  this factor is applied to the average Magnox GBq/t(U) factor of 0.53 supplied to the Agency in 
BNFL’s letter o f the 6th October 2000 (ref. TOEA/2000/357N) and then multiplied by 1600, this 
gives a Magnox fiiel SETP discharge contribution o f 3960 GBq/yr, significantly higher than the 
Agency’s currently proposed site limit. It should also be noted that the average of the monthly 
GBq/t(U) values over this period of “real” SETP discharge measurements was found to be 28% 
higher than the above Magnox factor at 0.68. Taking this into account, and the minimum 
operational headroom requirement, suggests an “allocation” o f no less than 6200 GBq/yr is 
appropriate for the SETP stream. Adding in the required “allocations” stated above for the other 
significant streams suggests a site Zr-95 /  Nb-95 limit of6700 GBq/yr, a reduction o f 26% on the 
current limit. However, with the uncertainties associated with exactly how variable the annual 
average cooling could be for the Magnox fuel to be reprocessed towards the end of the lifetime of 
B205 (or earlier), compared to what has been experienced over the period of this assessment, then 
BNFL must advise the Agency not to reduce the current Zr-95 / Nb-95 site limit at the present 
time.

Quantitative Assessment o f the Agency's Currently Proposed Limits for Ce-144

The assessment first examined the Agency’s proposed site Ce-144 limit in terms of the consequent 
allocations available for each of the most significant streams based on both historical rolling 12 
month discharges up to year ending March 2002 and BNFL’s best estimate of maximum 
prospective discharges. As this approach allocates all of the proposed site limit to the key 
streams, it is important that utilisation of each “proposed stream allocation” does not exceed about 
80% as BNFL have justified a requirement for plant “operational headroom” of at least 25%. The 
assessment considered both maximum and minimum historic rolling 12 month discharges, the 
degree o f variance as illustrated by the ratio maximum / minimum and whether these discharge 
measurements were supported by “real” or “LOD” analytical results.

For Ce-144, again ignoring the discharges from the Sea Tanks (January 1994 to July 1994), 
maximum historic site discharges corresponded to the year ending January 1997 and the main 
contributor was SETP. From the end of July 1994, monthly discharges from SETP have been 
predominantly “real” up to October 2000, whereas discharges from the other streams have been 
consistently “LOD”, except for SIXEP which have been about 55% “real” and increasing in the 
year ending March 2002. Although “LOD”, the ratio max. /  min. was observed to vary between a 
factor o f 2 and 6, except for EARP Cones were the variance factor was 11. Taking, these facts into 
account together with recent historical discharge trends and BNFL’s best estimate o f maximum 
prospective discharges, SIXEP was justifiably given an allocation o f 600 GBq/yr and Thorp R&S 
an allocation of 200 GBq/yr. Based solely on historical discharge trends, minimum “allocations” 
for EARP Bulks and EARP Cones were assessed as 90 GBq/yr and 60 GBq/yr respectively, noting
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that the EARP Bulks “allocation” should be increased by about 100 GBq/yr to accommodate the 
future handling of higher bum-up and shorter cooled fuels in Thorp (based on the SALDAR n  
estimates). Such an allocation strategy would leave no more than 2050 to 2150 GBq/yr for SETP, 
if the Agency go ahead with the proposal to reduce the current site limit by about 61% to 3100 
GBq/yr.

The assessment of the Ce-144 data was much more complicated, time consuming and potentially 
less reliable because o f the need to carefully examine potential ways o f discounting the 
contributions from Thorp reprocessing and other activities (baseline) which could be justified as 
being appropriate and reasonable. In doing this a particular area of concern was that the 
measurements of Ce-144 in Thorp’s LAE feeds to SETP were predominantly associated with 
“LOD” analytical results (except for some spikes of “real” discharge measurements probably 
linked to shorter cooled fuel in certain customer campaigns) and that the associated volumetric 
measurements are only estimates and certainly not of accountancy standard. This introduces a 
level of uncertainty which is difficult to resolve. In the end, it was decided to initially consider a 
smaller data set covering the period end of July 1994 to end of December 1996, as during this 
period Thorp was either not operating or operating sporadically during plant commissioning and 
didn’t start to ramp up production rates until December 1996 and then with relatively low impact 
AGR fuel. Monthly measurements of Thorp LAE Ce-144 discharges to SETP during this period 
were not readily available so, because of time pressures to complete this assessment, it was judged 
that these were also likely to have been at or below the “LOD” and even if some were not, the 
overall contribution towards annual discharges at SETP must have been small during the Thorp 
commissioning phase. In other words, over this period, the true annual Thorp contribution can be 
simply discounted as negligible in terms of the measured "real" discharges at SETP. So, for Ce- 
144, a similar analysis of SETP rolling 12 month discharges versus Magnox t(U) throughput rates 
is justified covering this period, as was used in the Zr-95 /  Nb-95 assessment described above.

Consequently, it has also been possible to examine a continuous data set, when SETP Ce-144 
discharges were consistently “real”, in terms of the corresponding t(U) throughput in the Magnox 
plant. Over each rolling 12 month period, the cumulative Ce-144 discharge from SETP was 
aligned to the corresponding rolling 12 month cumulative t(U) throughput and then used to 
calculate an indicative year average Magnox GBq/t(U) factor. Once again, the variation in these 
year average GBq/t(U) factors was examined over this period of “real” discharge measurements 
and the ratio max. / min. used to determine an indicative fuel cooling variability adjustment factor 
for Ce-144. This was so determined as 1.70 and can be equated to an annual average cooling 
variation of 0.6 years based on the decay equation. If this factor is applied to the average Magnox 
GBq/t(U) factor of 0.39 supplied to the Agency in BNFL’s letter o f the 9th April 2001 (ref.
EA/01/1195/03) and then multiplied by 1600, this would indicate a Magnox fuel SETP discharge 
contribution o f 1060 GBq/yr. It is also worth noting that the average of the monthly GBq/t(U) 
values determined over this assessment period of “real” SETP discharge measurements was 
calculated at a slightly higher value of 0.41.

However, various methodologies for assessing the larger data set o f “real” SETP Ce-144 monthly 
discharge measurements versus Magnox t(U) throughput have also been examined (using an 
identical rolling 12 month analytical approach) and these assessments have indicated higher 
‘adjustment factors’ (2.9) (based on the ratio max. / min) for which the Ce-144 decay equation 
correlates to a year average Magnox fuel cooling variance of 1.2 years. This appears to be 
inconsistent with the outcome from the Zr-95 / Nb-95 analysis, but may be simply due to other 
Magnox fuel characteristics having a greater influence on Ce-144 than Zr-95 /  Nb-95 inventory 
levels. Hence, it is important to at least allow for this uncertainty at the present time in the
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determination o f a technically justifiable SETP allocation which should accommodate the timely ■  
reprocessing o f Magnox fuel in the future. Application of an ‘adjustment factor’ o f 2.9 indicates M  
future Magnox fuel SETP discharge requirement o f 1810 GBq/yr, which when added to the 
corresponding SETP Ce-144 Baseline and Thorp discharge requirements of 540 GBq/yr and 635 
GBq/yr respectively [values justified by the information provided in BNFL’s letter o f the 9th April 
2001 (ref. EA/01/1195/03], gives a technically justifiable SETP allocation of 3730 GBq/vr 
(incorporating BNFL’s minimum operational headroom requirement of 25%), which is 
significantly greater than the currently proposed site Ce-144 limit o f 3100 GBq/yr. Now adding 
in the required “allocations” stated and justified above for the other significant streams suggests a 
minimum site Ce-144 limit o f 4780 GBq/vr. a reduction of 40% on the current limit.

However, separate from the Authorisations review process, BNFL has been undertaking various 
parametric modelling exercises aimed at the production of operational flowsheets for Thorp. Such 
modelling o f the Thorp LAE feeds to SETP has indicated a significantly higher prospective 
discharge o f 2420 GBq/yr for the reprocessing of reference PWR fuel o f 40 GWd/t(U) bum-up an
5 years cooling [the Thorp basis o f design]. This assessment was based on additional plant 
measurements taken during the processing o f selected campaigns o f Thorp fuel. This is 1785 
GBq/yr greater than the maximum prospective discharge estimate o f 635 GBq/t(U) calculated 
using the SALDAR methodology, which had introduced ‘adjustment factors’ in an attempt to 
compensate for the effect that most o f the Ce-144 measurements in the Thorp feeds to SETP (1997 
to 1998)(used as the basis for the calculation) were “LOD”, and so hopefully establish a more 
realistic estimate o f maximum prospective discharges. Until BNFL reprocesses the higher burn-up 
and shorter cooled Baseload fuel in Thorp, which is scheduled to take place over the next few 
years, then it is impossible to judge which o f these estimates is the most appropriate.

Hence, BNFL request that the Agency take this difference into account in establishing a reduction 
in the current site Ce-144 limit which can be fully endorsed by BNFL as being technically 
justifiable and providing sufficient headroom to cover all the uncertainties which prevail at the 
present time.

Such a revised limit would be a minimum of 6250 GBa/vr. which is the value given to the Agency
at the meeting with BNFL on the 10th July 2002 and corresponds to a 22% reduction in the current 
limit.
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An extensive argument has been provided by BNFL to the Agency, regarding the business risk 
associated with their initial proposals for the Thorp aerial reduced throughput limits. The Agency 
subsequently amended the proposed application of these limits, including increasing the numerical 
values to levels which should not restrict routine operations.

The same arguments apply to the B204 aerial reduced throughput limits (to be applied at Magnox 
now for the first time) and although the format has been changed (consistent with amending the 
proposals for Thorp), the numerical values are significantly more restrictive. Whilst the proposed 
limits for Thorp have been amended since public consultation, the Magnox B204 reduced 
throughput limits have not yet been changed. It is hoped that sufficient information is provided 
below to justify that such a change should also be made to the proposals for Magnox reprocessing.

The main argument was recognised by the regulatory bodies in 1993, when establishing the 
reduced throughput limits. Explanatory memorandum 1993 Page 31 section A1.35;

“One complication to this approach is that discharges are unlikely to be completely linear with 
throughput; this can be shown to be the case for existing plant. Therefore to accommodate the 
possible non-linear nature of the discharges we have introduced additional margins for Thorp at 
the lower throughputs...”

The first reduced throughput limits at Thorp were established at 17% (up to lOOt), 50% (100-400t), 
and 75% (400-800t). Current Agency proposals are 17%, 42% and 75%. Arguably these 
percentages should not change, though the limits clearly reduce in line with reductions made to the 
(full throughput) Thorp stack limit.

BNFL are concerned about the possible delays to reprocessing o f Magnox fuel, in respect of the 
Magnox B204 reduced throughput limits, particularly with respect to the lOOt limits (though to a 
lesser extent with the other bands). These limits seem likely to be restrictive when consideration is 
given to historical discharges and possible future programmes (particularly for C-14 and H-3). 
Although the approach for the Magnox limits initially seems consistent with the approach taken 
for Thorp (allowing for the non-linear nature of discharges), on closer inspection it is apparent 
Magnox reduced throughput constraints are more restrictive;

The Agency proposals for Magnox are currently at (approximate figures); 12.5% for up to lOOt, 
31% for 100-400t, 56% for400-800t and 81-85% for 800-1200t, of the fiill throughput limit.

Considering the respective lOOt limits at Thorp and Magnox, the Agency have in both cases given 
a factor of 2 above the linear ‘allowance’ (100/1200 x 2 for Thorp gives 17%, whilst 100/1600 x 2 
for Magnox gives 12.5%). The Agency have used exactly the same factors as Thorp for each 
throughput limit although, in fact, to be consistent the factors should arguably be 1.33 x greater 
(1600/1200). The maximum production at Magnox is considerably greater than Thorp. lOOt 
throughput at Magnox effectively requires the same margin as 75t would on Thorp (ie a margin 
greater than 2).

BNFL believes it is important to reconsider the basis of the Magnox reduced throughput limits, 
considering the non-linearity o f discharges at low throughputs and adopting a consistent approach.

Appendix 4 — Inadequate Throughput-Related Limits for Magnox Reprocessing
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It is unclear exactly what factors have been applied by the Agency (or the basis for these factors) 
to derive the reduced throughput limits and additionally there does seem to be some variation 
between the nuclides. However, applying consistency between Thorp and Magnox would suggest 
the following percentages o f the stack limit are appropriate for the Magnox reduced throughput 
limits; 15% for 0-100t, 34% for 100-400t and 59% for400-800t. .
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Your proposal for a limit for discharges of 1-131 from B6 cell vent is likely to constrain Magnox 
reprocessing operations. BNFL considers this unreasonable, since the effect of the proposed limit 
will either be to delay reprocessing of Magnox fuel, which will have negligible net environmental 
impact, or may even cause the early closure of Magnox power stations, which provide an 
important source of non-C02 generating electricity to the UK.

The reason for this problem appears to be due to the Agency’s decision to  alter the structure o f the 
Authorisation to discharge gases from the Sellafield site, moving from a system in which groups of 
stacks are regulated against sets of limits to a system in which a greater number o f individual 
stacks have limits. The majority of the existing Schedule 2 limit for 1-131 appears to have been 
apportioned to the WVP stack. BNFL may have to seek a reapportionment o f the limits, such that 
the B6 cell vent limit is increased at the expense of the WVP limit. Such a step would obviously 
increase the probability that WVP throughputs would be constrained, especially given that the 
predicted discharges of 1-131 from WVP are based on limited historical data and have been 
calculated to a large extent by technical judgement.

BNFL has consistently stated that it does not wish to apply for any limit increases, yet wishes to 
address historic waste management issues on the site as promptly as possible. To allow this 
necessary work to be carried out, the following solution is proposed. The existing Schedule 21-131 
limit should set for both the WVP and B6 cell vent stacks, yet BNFL will operate its plants such 
that the combined discharge from the stacks is maintained below the existing limit. This approach 
will ensure that Agency maintains regulatory control, there are no increases in limits, and clean-up 
work and operations can be progressed without unnecessary delay. It is also recommended that the 
B6 cell vent weekly limit is revised in line with any changes to the annual limit, since this could 
potentially be equally restrictive in terms of delaying Magnox reprocessing.

Appendix 5 — Inadequate I-13I Limits for B6 Cell Vent
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BNFL has engaged in preliminary discussions with the Agency regarding potential discharges 
from uncovered ponds on the Sellafield site. This has included writing to the Agency detailing the 
preliminary results o f a sampling campaign at B30 and indicating that further review of the 
information is required before firm proposals can be made regarding further work. Despite this 
project being at an early stage, the Agency have indicated that they intend to include an 
information provision in the draft decision document requiring BNFL to carry out further 
monitoring, at a range o f ponds, for a period of at least six months. This is despite the fact that 
there is no evidence that such a sampling campaign would produce a more accurate estimate of the 
radioactivity, arising from the ponds, leaving the Site. The current method of estimation, using 
high volume air samplers near the perimeter, is better suited to estimation of radioactivity leaving 
the Site and already provides confirmation, from the absolute measurements, that the potential 
radiation exposure o f the public is very small. In addition to BNFL obviously being concerned 
about potentially expending resources on such a sampling campaign, the Company also has 
concerns about the unnecessary exposure o f workers to radiation which will occur as a result of 
taking such samples.

For instance, the low volume air samplers that were stationed around the B30 pond for the initial 
sampling campaign, are in a Restricted Area 1 Radiation. Dose rates along the walkway vary from 
50microSv/hr to 500microSv/hr.The samples were changed on a weekly basis for the ten week 
trial. The samplers would start to clog up for sampling periods much longer than a week, meaning 
that a regime o f less frequent changes to reduce dose uptake would not be possible. By the time th 
BNFL personnel carrying out the changes passed through sub-change, over the barrier, changed 
the sample papers and returned, they were accruing approximately 50microSv external dose, per 
person, per sample change. BNFL notes that the draft UK National Discharge Strategy states that 
measures taken to reduce discharges should avoid increasing risks to workers.

There are other occupational safety hazards experienced during a sample change, such as the 
walkway being quite narrow with surfaces which are often slippery. Generally the area is not 
accessed on a frequent basis.

The arguments presented above are related to B30 pond. Given the close proximity o f the other 
open fuel ponds to B30 and the much higher pond water concentrations in B30, it is very likely 
that measurements made at other ponds will be dominated by the B30 source term. The 
uncertainties in aerial dispersion modelling, at such distances and with so many structures present, 
would make it extremely difficult, if  not impossible, to determine the relative contributions. Again 
the existing method, looking at the total source term using perimeter based samplers, is more likel 
to represent Best Practicable Means.

Appendix 6 -  Monitoring Requirements for Ponds at Sellafield
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Appendix 7 — Closure of the Calder Hall Reactors and Implications for Proposed Limits

Following the recent announcement regarding the early closure of the Calder Hall reactors, BNFL 
believes the justification for the proposed liquid limits for Calder Hall is no longer applicable. The 
proposed limits, as detailed in the most recent draft Decision Document information, were based 
on historic discharges associated with the operational phase of the reactors’ lifetimes. With the 
imminent closure of the reactors however, operational discharges will shortly decrease to zero.

The next phase in the reactors’ lifetimes will be appropriate post operation management followed 
by timely decommissioning and consequent risk reduction. Quantitative information on the likely 
discharges associated with these operations is not currently available, though BPM will be 
employed to minimise discharges and off-site impacts are likely to negligible. In the absence of 
quantitative discharge predictions, it is not possible to set appropriate limits against such 
discharges, and it is likely that limits based simplistically on historic operational discharges could 
severely hinder clean-up operations.

In light of this recent information, BNFL believes it would be prudent to remove the plans to 
introduce liquid discharge limits for Calder Hall, especially since discharges will be controlled via 
the system o f proposed site limits.
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Appendix 8 — Inadequate Site and Plant Limits for Co-60 Liquid Discharges

The current site annual limit for Co-60 is 13 TBq, which was reduced to 5.8 TBq in the 
Explanatory Document. This was against BNFL’s business case requirement o f 9.66 TBq, which 
comprises 4.8 TBq for Thorp R&S and 1.38 TBq for EARP bulks, SETP and SIXEP. The 
remaining 2.48 TBq being requested as a margin to reflect uncertainties, noting that the arisings of 
Co-60 is not under BNFL’s direct control, as it is produced from neutron activation of corrosion 
products (Fe-59) in certain reactors (mainly BWR). One potentially significant uncertainty is that 
BNFL have to respond to changing customer requirements which could result in 1200 t(U) of 
BW R fuel being handled in any rolling 12 month period, which could increase maximum 
prospective arisings at Thorp R&S to 7.2 TBq/yr. Hence, this level of potential discharge 
represents BNFL’s business requirement for the Thorp pond.

It is worth noting the main (but not the only) source of Co-60, i e, primarily BWR fuel, is the 
dominant source for all o f the four key plants, Thorp R&S, EARP bulks, SDCEP and SETP. As 
such, discharges can occur very close together as fuel is rebottled in B27 (giving rise to discharges 
at SETP or SIXEP), transferred to Thorp R&S where it is flushed (giving rise to EARP Bulk 
discharges), and finally on fuel removal for reprocessing (giving rise to Thorp R&S discharges).
It should also be noted that the re-bottling programme at B27 is influenced by programme 
requirements for reprocessing at Thorp. BNFL’s maximum prospective (“worst case”) discharge 
estimates took all these factors into account.

BNFL, on considering the Explanatory Document, felt that the proposed annual site limit o f 5.8 
TBq did not adequately reflect BNFL’s business case requirement, but did allow sufficient 
flexibility at the site level. Thus, whilst giving some business risk, BNFL did feel that it could 
operate at this level, provided that the Agency did not restrict individual plant operations by setting 
inappropriately restrictive limits for the key discharge streams.

Following discussions with the Agency, BNFL have given an undertaking that it would, whenever 
practicable, ensure that the B27 pond purge is routinely routed via SIXEP and not to SETP which 
affords no abatement for Co-60, but no guarantees could be given. At the time, BNFL judged that 
a reasonable basis for modelling B27 Co-60 discharge arisings would be to assume the pond purge 
could be routed to SIXEP 90% o f the time. Based on this, a combined SETP and SIXEP Co-60 
site limit “allocation” o f 400 GBq/yr is required (including BNFL’s minimum operational 
headroom requirement o f 25% which has been accepted by the Agency). Adding the Agency’s 
proposed plant limit for EARP Bulks (700 GBq/yr) would leave an available “allocation” o f 4.7 
TBq/yr for Thorp R&S for a site limit of 5.8 TBq/yr.

The Agency have been kept fully informed of BNFL’s efforts to reduce Co-60 discharges from the 
main (but not the only source), Thorp R&S, by the use of a selective ion-exchange material (Co- 
Treat) which can be deposited on top of the filter medium which is on plates within the pond 
discharge Funda filters. The ion-exchange material has been tested under laboratory conditions 
and has been shown to give very high cobalt-60 decontamination factors (DFs). Thus plant trials 
in total) have been undertaken to investigate its effectiveness under normal plant operating 
conditions; unfortunately with disappointing results. The second trial results indicated that the 
DFs, measured on a daily basis, varied significantly in the range 1 to 8, the majority being no more 
than about 2. The trial was undertaken for 8 weeks and over this period it was possible to estimate 
that 116 GBq o f Co-60 had been removed by the ion exchange material (from samples taken) and 
accountancy measurements confirmed that 98 GBq had been discharged to sea during the trial.
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This suggests a Co-60 challenge of 214 GBq (116GBq + 98GBq) and so an average DF o f 2.2 
(214/98). The first trial gave similar but slightly lower DFs.

BNFL therefore fail to understand the basis on which the Agency have assumed a DF o f 3.5 is 
sustainable in the long term, especially as they have stated in Draft 2 of the Decision Document 
that this DF represents a “pessimistic estimate”. This being such an important issue, BNFL are 
surprised that the Agency have not checked these assumptions with BNFL’s technical experts 
before reducing the 5.8 TBq/yr limit proposed in the Explanatory Document to the current 
proposed site limit of only 2.7 TBq/yr. The first sighting of the Agency’s reasoning for proposing 
this site limit was received by BNFL on 3rd July 2002 (Appendix A4.46 to A4.51 of Draft 2 o f the 
Decision Document).

In this context, it should also be noted that, on the basis o f what has been stated earlier regarding 
the “allocation” requirements for other key streams, the imposition of a site limit o f 2.7 TBq/yr for 
Co-60 would mean only 1.7 TBq/yr would be available for allocating to Thorp R&S, which would 
effectively restrict operations to no more than 1.3 TBq/yr (80% o f this “allocation”). This would 
necessitate the achievement of a sustainable year average Co-60 DF, through use of the Co-Treat 
ion-exchange material, o f at least 3.7 (if based on 4.8 TBq/yr) and 5.5 (if based on the “business 
requirement” of 7.2 TBq/yr).

In addition, both the Agency and the N il are well aware o f the current difficulties at B315 / SIXEP 
which has meant that BNFL has had to restrict the amount of water routed to StXEP via B 315 
which has not been caustic dosed and is therefore of too low a pH. Hence, the B27 pond purge has 
been diverted to SETP, so BNFL must now question the appropriateness o f the above assumption 
o f being able to sustain sending the B27 pond purge to SIXEP 90% of the time in any year. If this . 
assumption is reduced to 75%, then the combined Co-60 site limit “allocation” requirement for 
SETP and SIXEP increases to 500 GBq/yr and so reducing the amount available for Thorp R&S to 
no more than 1200 GBq/yr. This would necessitate the achievement of a sustainable year average 
Co-60 DF, through use of the Co-Treat ion-exchange material, o f  at least 4.0 (based on 4.8 
TBq/yr) and 6.0 (based on a business requirement of 7.2 TBq/yr). Such an assumption o f a 
sustainable Co-60 DF is indicative not of the Agency being “pessimistic”, but being extremely 
optimistic. This is especially true in light of recent information which is coming from the Finnish 
experts whom BNFL have asked to produce an explanation as to why the observed operational 
DF’s for the Co-Treat material are so much lower than expectation and those found in the 
laboratory trials.

The Agency correctly point out that, in April 2002, BNFL informed the Agency that: “Following 
the extensions o f the trials, we would like to inform you that Thorp intends to move to an 
arrangement whereby Co-treat is used periodically, at management discretion, for managing fuel 
with high cobalt-60 levels”. This letter was sent to the Agency, specifically for IPC purposes to 
ensure that the Agency fully understood and had no objections, under IPC, to BNFL’s intention to 
continue to develop and, if successful and justifiable, to ultimately use the ion-exchange material. 
Please note, this is still BNFL’s intention, if realistic DFs can be achieved which prove to be cost 
effective. It should be noted that the statement was qualified with the statement “at management 
discretion” to reflect the uncertainty at the time of writing (potential cost implications had not been 
examined at that time). BNFL find it re-assuring that the Agency, in this case, linked the IPC 
authorisation to the RSA authorisation and look forward to this being extended further to give a 
truly holistic management of discharges.

Sellafield R SA93 Review 
Main Review  Decision D ocum en 

Supporting Information 
39



Page 20 of 25

It is as a result of the poor DFs currently achievable that BNFL have so much concern at the 
Agency’s apparent assumption that a Co-60 limit of only 2.7 TBq/yr could possibly be manageable 
for the Sellafield site. BNFL’s position is that use o f this ion-exchange material in the pond Funda 
filters is clearly not justifiable in terms of the significant cost per manSv saved.

In addition, if  BNFL are forced to use the ion exchange, even a year average DF of 2 cannot be 
guaranteed as sustainable, because of the limited experience to date, and that currently we do not 
understand why operational DFs are so low. Also, even if a DF of 2 is subsequently proven to be 
sustainable over a 12 month period (it is too early to say this now), then consideration of the above 
requirements for other plants on the site, shows that Agency’s proposed site limit o f 2.7 TBq/yr 
could be threatened. At Thorp R&S, this situation could only be managed by recirculating pond 
water rather than discharging it; this inevitably results in a build up of Co-60 in the pond 
environment and increased worker dose which BNFL believe is not BPM.

Since the issue of Co-60 discharges from Thorp R&S was first identified by BNFL and MAFF, 
BNFL have been working to reduce such discharges on a timely basis including the development 
o f the potential use o f a highly selective Co-60 ion-exchange material on the Thorp pond Funda 
filters. This has involved a significant amount of laboratory and process development work 
including work to secure a Letter o f Comfort from Nirex to accept this waste form for ultimate 
disposal. This is a BNFL initiative, started well before the Agency’s current Authorisation Review 
process commenced, and BNFL have every intention of continuing to undertake work, including 
further plant trials, aimed at achieving an effective Co-60 abatement process at acceptable cost.

Regarding the costs o f the process, these are so high because of the very low decontamination 
factor achieved in the second trial.

The Agency have questioned BNFL’s latest cost information. However, this provides a more 
realistic assessment based on actual results from the recent plant trials. The costs presented in the 
assessment (letter dated 17 June 2001, ref. EA/02/3469/02) are dominated by encapsulation costs 
at WEP, based on future projected operational costs (2002/3-2010/11) divided by the total number 
o f programmed drums for encapsulation over this period. Other aspects considered in the estimate 
are the cost o f the ion exchange material and costs for ultimate repository disposal. The known 
cost o f the ion exchange material was relatively low in comparison to encapsulation costs and a 
relatively low ultimate disposal cost was assumed on a discounted basis. This means that variation 
in disposal costs does not significantly affect BNFL’s latest assessment.

The Agency have questioned whether repository disposal would be required considering the 
relatively short Co-60 5 year ‘half-life’. However, it should be noted that the ion exchange 
material is placed on top o f the filter medium. When exhausted, these materials are flushed off the 
filter together prior to encapsulation, so the waste will contain other species (most notably 
plutonium) which will clearly require repository storage.

The costs o f Co-60 abatement per man Sv as quoted in BNFL’s letter of the 17th June 2002, was 
generated from experience o f the 2nd trial, following which 116GBq was measured as being 
retained on the ion exchange material. A collective dose ‘saved’ was estimated for this discharge 
(‘saved’) and compared with the cumulative costs of buying the ion exchange material, 
subsequently encapsulating the material and ultimately disposing o f the material. Thus it is a cost 
per Bq ‘saved’ or abated, converted to a cost per unit collective dose saved, and applies to any 
discharge in any year or over any period.
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BNFL’s critical group dose assessment suggests that the environmental impact (most exposed 
members of the public) saved during the trial (based on a saving of 116GBq Co-60 in the sea 
discharge) was 0.13 microSv. The collective dose (Europe, 500 years integrated) was 0.00186 
manSv. Comparing environmental assessments, it seems that the Agencies critical group liquid 
Co-60 dose factors are 3 x greater than BNFL’s assessment. Presumably, the collective dose 
assessment will be similarly different, and this is an important issue to understand and resolve. 
However, even taking such a factor into account this will still mean that the cost per manSv saved 
is disproportionate to the environmental benefit.

Reiterating BNFL’s position, the Funda filter ion exchange has not worked as well as expected and 
consequentially the considerable costs seem unjustified. Not only this, but routine implementation 
of the technique would be contrary to the use of BPM as defined in the proposed new 
Authorisation -  a small DF means a requirement for more ion exchange material, more drums of 
waste produced and increased storage and ultimate disposal requirements. BNFL are committed to 
funding further development work and plant trials to improve the abatement option with the 
intention of improving ion exchange performance and hence minimising waste production.

BNFL therefore believe that the Agency’s current proposal to reduce the site Co-60 limit to 2.7 
TBq/yr is premature, unjustifiable and contrary to discharge management using BPM.
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Schedule 6 of the d raft Authorisation - limitations and conditions relating to disposal of 
radioactive waste by transfer to BNFL at Drigg for the purpose of final disposal at BNFL's 
site a t Drigg (Drigg waste)

BNFL have requested changes to the wording of paragraph 2 which have not yet been incorporated 
into the draft authorisation (EA/02/3235/01, 14 March 2002 refers).

The Agency have proposed reductions in activity limits for transfers to Drigg for the nuclides H-3 
and 1-129. BNFL have previously written to the Agency, reference EA/00/1112/09 (10 April 2001) 
pointing out "BNFL believes any reduction in the disposal limits for solid low level waste will be 
highly inappropriate. This is because any reduction in limits could jeopardise future 
decommissioning projects on the Sellafield site, which is contrary to the improvement of safety 
and minimisation o f risk as supported by the Nil." Given the large uncertainty associated with 
future programmes on the site, especially those relating to clean up o f historic wastes and risk 
reduction, BNFL continues to believe that it is premature to reduce solid waste transfer limits. This 
is particularly true in light o f the Agency’s stated preference and increased pressure on BNFL to 
concentrate and contain where possible. Given that this policy inevitably leads to production of 
greater amounts o f solid waste, it is essential that the flexibility is allowed, in terms of solid waste 
transfer limits, to move this waste to the most appropriate disposal site.

The reduction of these limits may also inhibit BNFL’s ability to employ BPM. The reduction in 
limits for 1-129 in particular, will foreclose many future options relating to removal of 1-129 from 
aerial releases, and the subsequent disposal o f the absorber material as solid low level waste to 
Drigg.

Schedule 7 - lim itations and  conditions relating to disposal of radioactive waste by transfer to 
o ther premises

BNFL has concerns relating to the proposed Authorisation volume limit for transfers of solid 
waste from BNFL Sellafield to UKAEA at Winfrith, for the purpose of processing prior to final 
disposal at Drigg.

The proposed volume limit o f 2000m^ is accompanied by the footnote "Volume means the net raw 
volume of the waste and its primary containment (immediate packaging) unless otherwise 
specified".

The use o f the word “net” would suggest that that the limit does not apply to gross volumes, but 
“raw” suggests untreated, ie not compacted.

The backlogged waste is raw waste requiring processing e.g. supercompaction, and is for 
operational reasons (relating to WAMAC), going to be processed in a portable compactor operated 
by UKAEA, possibly at Winfrith, hence the need for provision of the transfer authorisation.

The raw volume o f the waste (including primary containment, i.e. assumed to be ISO containers) 
is estimated at 4000m^.

Appendix 9 -  Solid Waste Issues
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If the waste was transferred to Winfrith and compacted, it may well come back with a lower 
volume, but BNFL must transfer, and hence manage the transfers of raw waste, i.e. the 4000m^ o f 
waste.

It is hoped that there is sufficient information detailed in this note to resolve this issue, which has 
previously been communicated to the Agency in letter reference EA/00/1112/09 (10 April 2001).
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Initial discussions have taken place between the Agency and BNFL regarding the appropriateness 
o f the quarterly notification levels (QNLs), as proposed in the latest draft Decision Document. As 
discussed above, BNFL believes that several of the proposed limits will hinder operations on the 
Sellafield site. This means that BNFL obviously has similar concerns about the QNLs in these 
cases. It is assumed that, following resolution of the issues associated with the proposed annual 
limits, that the corresponding QNLs will no longer be a concern to BNFL.

There are several other cases however, in which the Agency’s proposed QNLs may be exceeded 
on a regular basis as a result o f  normal operations. BNFL does not wish this situation to arise, 
since it will require BNFL resources to be applied to provide the Agency with a written 
submission which details the occurrence, a description of the means used to minimise the activity 
o f the waste discharged and a review o f BPM arrangements.

In addition, this information will be placed on the public record, and regardless of the fact that 
BNFL may be employing BPM to control its discharges, it could potentially be interpreted as 
though BNFL is not properly carrying out its environmental obligations. This information could be 
used by opponents o f the nuclear industry to generate negative PR against the Company.

BNFL has already discussed specific concerns regarding liquid QNLs with the Agency. At the 
time o f these discussions however, BNFL had not yet had sufficient time to properly review the 
proposed aerial QNLs. This review has now been carried out, which revealed that BNFL has 
concerns about the proposed QNL for aerial discharges of Kr-85. The figure proposed in the latest 
draft o f the decision document, 1.10E+1 IMBq, has the potential to constrain normal operations in 
Magnox and Thorp. It is possible for both plants to carry out reprocessing o f relatively shorter- 
cooled, higher bum-up fuel, such that there is a strong possibility that the proposed QNL would be 
exceeded. Given that there is no practicable abatement technology currently available for Kr-85 
discharges from Sellafield, and that the BPEO for these discharges has been established as 
dispersion to air, the effect o f the proposed QNL would be discourage BNFL from operating to its 
potential. BNFL understands the main reason for the use of QNLs to be in support o f BPM, yet it 
is clear in this case that exceeding the QNL would not indicate failure to employ BPM. BNFL 
therefore requests a small increase to the proposed QNL, to reflect BNFL’s reprocessing potential, 
from 25% to 30% of the proposed annual limit.

Appendix 10 -  Quarterly Notification Levels (ONLs)

Sellafield RSA93 Review 
Main Review Decision Docum  

Supporting Information
39



Page 25 of 25

BNFL is seeking clarification on the following points:

BNFL has recently written to the Agency (Ref: HA/02/3483/02) on the issue o f limits for 
inter-site transfers from BNFL Sellafield to UKAEA Windscale. BNFL is keen to address 
these issues during the Authorisations review, to avoid the unnecessary additional work for. 
the Agency, NH and BNFL associated with minor variation processes.

BNFL has been verbally advised that the aerial Co-60 limit will be removed from the 
reporting requirements for Calder Hall. This will bring the reporting regime in line with the 
other Magnox reactors, and seems pragmatic in view of the recent early closure announcement 
regarding the Calder Hall reactors. However, the latest draft of the certificate o f Authorisation 
includes Co-60 in Schedule 3 Table 2, despite the apparent absence o f any contributing 
sources. Based on current knowledge, aerial discharges of Co-60 from other plants on the 
Sellafield site are negligible and are not routinely sampled. It is therefore proposed that the 
Co-60 entry in Table 2 is removed from the proposed certification of Authorisation.

Appendix 11 -  Other Issues and Points of Clarification
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British N u c le a r  Fue ls  pic

Sellafield
Seascale
Cumbria CA20 1 PC 
Tel: 019467 28333 
Fax: 019467 28987 
Telex: 64237

Dr D Ferguson 
Environment Agency 
Ghyll Mount 
Gillan Way
Penrith 40 Business Park
Penrith
Cumbria

Direct tel: 019467 74600 
Direct fax: 019467 74797
e-mail:

Your ref:

Our ref: E A / 0 2 / 3 4 6 9 / 1 1

17 July 2002

Dear Dr Ferguson

Proposed Information and Improvement requirements - Calder Hall and Open Ponds 
Monitoring

To confirm our discussions by phone yesterday and today, would you please reconsider the 
following regarding the above:

Calder Hall decommissioning 10 year plans
We would request a revised timescale of August 2004. We already have a tight programme for 
the production of Baseline Decommissioning Plans for the site, including Calder. The current 
programme for the production of Calders BDP is the summer of 2003. Once completed, this 
would then enable the production of the Ten Year detailed plan that is needed to determine 
discharge and disposal requirements. Note that there is no intention to defuel the reactors for some 
years after shutdown in March 2003.

Open Ponds Monitoring
We note that the proposed information requirement will be subject to HSE approval o f any plant 
modifications. We are still of the opinion that the measures to assess discharges from open ponds 
should be preceded by the development of an appropriate methodology. We have commissioned 
Westlakes to provide such a report, which should be available in the next month (approx). We 
would prefer the improvement/information requirement to read along the lines o f ’development o f 
an appropriate methodology, followed , if appropriate, by submission of a safety case to HSE for 
plant modification to install equipment...'

Yours sincerely,

R  G  M o r le y
Manager, Disposal Discharge Strategy Team
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ENVIRONMENT AGENCY
mm* a r e a

DATE 17 JOL 2002
V „ ' iJ

REF

British  N u c le a r Fuels p ic

Sellafield
Seascale
Cumbria CA20 IPG .
Tel: 019467 28333 
Fax: 019467 28987 
Telex: 64237

Dr M Emptage 
Environment Agency 
Ghyll Mount 
Gillan Way
Penrith 40 Business Park
Penrith
Cumbria

Direct tel: 019467 74600 
Direct fax: 019467 74797 
e-mail:

Your reft

Our ref: EA/02/3469/12 
DDST/02/0386

17 July 2002

Dear Dr Emptage

PROPOSED WEEKLY B6 CELL VENT 1-131 LIMIT

BNFL has previously written to the Agency on the issue of potential discharges o f 1-131 from B6 
cell vent, first providing predicted discharge data in February 2000 (Appendix 1, Part A report on 
Discharges and Disposals of Radioactive Wastes and Effluents from the Premises o f BNFL at the 
Sellafield Site). No alterations have been made to these predictions since the original data was 
submitted.

The Agency have explained their reasons to BNFL for proposing to set an annual limit for B6 cell 
vent at a level below that which BNFL requested. BNFL does not believe this reasoning applies to 
the weekly limit however, and therefore suggests that the weekly limit is set at 5.0E+02MBq. This 
figure is less than one tenth of BNFL’s predicted maximum annual discharge, and is considerably 
less than the scaled daily limit which is currently in place (an effective limit of 1.16E+04MBq per 
week).

By setting the weekly limit at 5.0E+02MBq, it will enable BNFL greater flexibility to process 
Magnox fuel as quickly as practicable, whilst overall discharges remain controlled by the proposed 
annual limit, which is considerably reduced from its current level.

In addition, since 1-131 discharges from B6 cell vent and B204 stack will be mainly associated 
with the dissolution of fuel in B205, and will therefore be closely related to the corresponding I- 
129 discharges, the use of BPM will be assured by the pressure on BNFL to comply with the:

® B204 weekly 1-129 limit
• B204 annual 1-129 limit
• four additional throughput-related B 2041-129 limits
• B204 annual 1-131 limit
• B6 cell vent annual 1-129 limit
• site aerial QNLs for both 1-129 and 1-131
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These numerous limits and compliance requirements therefore make the setting o f a restricB/e 
weekly 1-131 limit at B6 cell vent completely unnecessary. ■

BNFL would like it to be noted that no new information is being presented in this letter and f c t  
discussions and communications on the issue of potential 1-131 discharges from B6 cell vRit 
began over two years ago. Rather, this letter simply seeks to draw the Agency’s attention to what 
BNFL believes will be an unnecessarily restrictive limit. Despite the tight timescales involvBl, 
BNFL hopes that this important issue will be addressed in the Agency’s proposals for the new 
Authorisation. —

This letter is being copied to G Davies and R Haworth o f the Nil for information.

Page 2 of 2

Yours sincerely

P.Qk
R  G M orley
Manager, Discharges and Disposals Strategy Team
Sellafield EHS&Q
B407/1

cc: G Davies (Nil)
R Haworth (Nil) 
Regulatory Liaison, B 113
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ENVIRONMENT AGENCY

NORTH AREA, British N u c le a r Fue ls  p ic

Sellafield
Seascale
Cumbria CA20 T PC 
Tel: 019467 28333 
Fax: 019467 28987 
Telex: 64237

2 2 J U L 2002

!.E REF

Dr M Emptage 
Environment Agency 
Ghyll Mount 
Gillan Way
Penrith 40 Business Park
Penrith
Cumbria

e-mail:

Our ref: EA/02/3469/13
Your ref:

17 July 2002

Dear Dr Emptage

Inadequate Site and Plant Limits for Cobalt 60 Liquid Discharges

With reference to our meeting on 16 July 2002 on the above subject we enclose as requested:-

• Decontamination Factors for Trials 1 and 2
• Co 60 Feed Pond Water Activity [SP2280] figures
• Rolling 12 months Discharges of Cobalt 60 in the Thorp Pond Purge
• Comparison of Model Predictions with Actual Discharges

Regarding the maximum Cobalt 60 discharges seen to date, which at a site level have exceeded the 
currently proposed Agency site limit of only 2.7 TBq/yr, the contribution from the Thorp Receipt
& Storage pond purge was 2517 GBq. This equated to a year when 617 tonnes o f fuel was 
processed, 73% of which was BWR fuel and can be compared with BNFL’s SALDAR Part A 
“worst case” discharge estimate of 4.8 TBq/yr, which was based on an assumption o f a lower 
contribution of 58% BWR fuel (700 tonnes BWR plus 500 tonnes PWR fuel). Extrapolating these 
historic discharges pro-rata to 1200 tonnes gives an indicative discharge of 4894 GBq/yr for the 
Thorp pond alone, which is 181% of the Agency’s currently proposed site limit for Cobalt 60. 
This seems to suggest that a more appropriate site Cobalt 60 limit should be based on a 1200 
t(U)/yr Thorp throughput and a maximum prospective discharge estimate for Thorp R&S o f 
somewhere between 4.8 TBq/yr and 7 TBq/yr (based on the assumption of 100% BWR fiiel). >

As explained in BNFL’s letter of 12th July 2002 (EA/02/3469/07, Appendix 8) and again at our 
meeting, BNFL’s operational requirements for SETP, EARP Bulks and SIXEP is for a minimum 
combined allocation of 1200 GBq of any site annual Cobalt 60 limit. BNFL's minimum 
allocation requirement for the Thorp Receipt & Storage pond purge could be considered as at least 
2400 GBq/yr (calculated from 4.8 TBq/yr using an assumed year average DF of 2). Hence, BNFL 
must remind the Agency that an annual site Cobalt 60 limit of less than 3.6 TBq/yr is totally 
unjustified at the present time and, if the Agency continue with such a proposal, then it must be 
concluded that this will restrict BNFL's business operations across the Sellafield site.
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Much discussion at our meeting centred on the results of the plant trials undertaken to date on 
potential use of the Co-Treat ion exchange material on the pond water Funda filter plates, and 
disappointingly low Cobalt 60 decontamination factors obtained. BNFL will be continuing to 
undertake more plant trials and fund investigative / development work to improve its abatement 
performance. However, it is too early to come to any firm conclusions about a value which can l e  
justified as being representative o f a sustainable year average DF for the proposed use of this 
Cobalt 60 abatement technology. |

Consequently, BNFL request that the Agency do not reduce the current site Cobalt 60 limit below 
the value o f 5.8 TBq/yr indicated in the schedules which went to Public Consultation as, b e c a u l 
o f  the very low DFs indicated to date resulting in costs which are grossly disproportionate to a ^  
perceived environmental benefit, the enforced use of this technique does not represent best 
practicable means. I

As stated earlier, BNFL will be continuing to work to improve this situation and will keep the 
Agency informed o f progress, so that the potential for any further Cobalt 60 site limit reductio™ 
can be properly assessed in the future. ®

Yours sincerely

Manager, Disposal Discharges Strategy Team 
B407/1
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Cobalt 60 Abatement: Co-Treat Ion Exchange Trial 1

Dates - C o  in 
(Bq/ml)

bUCo out 
(Bq/ml)

bUC o  DF

07/06/01 .11.70 1.51 7.75
08/06/01 8.58 2.53 3.39
09/06/01 8.86 3.07 2.89
10/06/01 7.31 3.74 1.95
11/06/01 7.61 4.38 1.74
13/06/01 8.34 5.41 1.54
15/06/01 8.56 7.04 1.22
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Cobalt 60 Abatement: Co-Treat Ion Exchange Trial 2

To ta l volA treated Discharge volA C 06O before filter C06O after filter Am ount rem oved C 06OI
m 3 m3 Bq/ml Bq/ml G B q

2 6 -O c t-O I 0 1.82 1.00
2 7 -O c t-O I 30.12 0 5.39 1.00 0.13
2 8 -O c t-O I 427.46 0 2.68 1.00 0.72
2 9 -O c t-O I 586.68 0 2.39 1.00 0.82
3 0 -0 ct-0 1 589.27 0 2.38 1.00 0.81

31-O ct-O 1 284.81 0 2.76 1.00 0.50
01-N o v-0 1 31.86 0 2.72 1.00 0.05
02-N o v-0 1 464.55 0 2.34 1.00 0.62
0 3 -N o v-0 1 792.82 627 2.40 1.25 0.91
04-NOV-01 788.33 744 2.40 1.13 1.00
05-NOV-01 828.71 724 2.48 0.96 1.26 2.59
0 6 -N o v-0 1 857.33 524 2.40 0.92 1.27
07-NOV-01 590.84 0 2.71 1.00 1.01
08-NOV-01 1150.74 0 2.20 1.00 1.38
09-NOV-01 2039.97 649 1.65 1.11 1.10 1.49
10-N ov-01 2041.06 872 1.58 0.97 1.24 1.62
11-Nov-01 2036.75 805 1.52 0.86 1.35 1.77
12-NOV-01 2034.55 609 1.50 0.97 1.09 1.55
13-N ov-01 1010.34 363 4.83 1.20 3.67 4.03
14-Nov-01 579.58 528 3.06 1.86 0.70 1.65
15-N ov-01 594.36 569 2.37 1.55 0.49 1.53
16-N ov-01 1145.51 563 2.52 1.43 1.25 1.76
17-N ov-01 1195.85 602 2.50 1,42 1.29
18-N ov-01 1197.37 600 2.50 1.47 1.23
19-N ov-01 859.34 631 1.94 1.46 0.41 1.33
2 0-N ov-01 588.65 426 1.93 1.43 0.29 . 1.35
2 1 -N o v-0 1 569.60 535 10.6 5.77 2.75 1.84
2 2 -N o v -O I 635.92 525 5.16 4.22 0.60 1.22
2 3 -N o v -O I 684.87 663 3.4 2.83 0.39 1.20
2 4 -N o v-0 1 698.38 659 3.27 2 0.89 1.64
2 5-N ov-01 732.44 675 17.4 2.05 11.24 8.49
26-NOV-01 758.31 720 10.00 3.62 4.84

27-NOV-01 615.47 691 10.00 2.47 4.63
28-NOV-01 728.81 312 10.00 3.29 4.89

29-NOV-01 636.76 200 5.00 2.43 1.64
30-NOV-01 639.16 610 4.49 2.41 1.33 1.86
01-D e c-0 1 643.45 610 8.65 2.09 4.22 4.14
0 2 -D ec-01 656.84 624 4.86 2.35 1.65 2.07
03-D e c-0 1 669.29 652 4.42 2.25 1.45 1.96
04-D e c-0 1 667.68 620 4.79 2.16 1.76 2.22
05-D ec-01 662.26 681 9.97 2.68 4.83 3.72
06-D e c-0 1 609.05 603 5.83 2.6 1.97 2.24
07-D ec-01 604.87 566 11.5 2.8 5.26 4.11

08-D ec-01 631.77 548 11.5 3.15 5.28 3.65

09-D e c-0 1 627.18 562 11.9 3.33 5.37 3.57
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C o b a lt 60 A batem ent: C o -T re a t  Ion Exchange T r ia l  2 (continued)

Total voI* treated Discharge volA Co60 before filter Co60 after filter Am ount rem oved C o 6 0  D F

m3 m3 Bq/ml Bq/m l. G B q

t0-D ec-01 614.21 639 7.44 3.51 2.41 2.12

11-D ec-01 603.99 588 13.5 3.61 5.97 3.74

12-Dec-01 592.72 592 8.29 4.05 2.51 2.05

13-Dec-01 562.00 571 15.3 4.35 6.37 3.52

14-Dec-01 569.52 533 12.7 4.88 4.45 2.6 0

15-Dec-01 564.68 539 6.23 4.94 0.73 . 1.26

16-Dec-01 557.80 537 5.83 4.39 0.80 1.33

17-Dec-01 516.54 547 5.27 4.1 0.60 1.29
18-Dec-01 543.85 463 5.34 4.13 0.66 1.29

19-Dec-01 536.73 517 5.45 4.22 0.66 1.29

2 0 -D e c -0 l 533.38 515 5.27 4.36 0.49 1.21

21-D ec-01 524.40 506 5.54 4.33 0.63 1.28
41958.78 115.88

Figures in red are estimated values
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Comparison of Model Predictions with Actual Discharges

F ro m  Start 

Fe b -9 5

O ct-9 6

A p r-9 7

N o v-9 7

Feb-98

A u g -9 8

Ju n -9 9

Ratio
Predicted Actual Predicted

T o  E n d t<U) Type Category GBq/t(U) GBq G B q to  Actual

Ja n -9 6 72.3 BWR 4 8.4 607.3
30.6 PWR . 2 3.6 1 1 0 .2

35.8 PWR 1 1 .2 43.0
. 83.3 AGR 0 0.256 21.3

To ta l 2 2 2 . 0 781.8 1241 0.63

Sep-97 147.7 BWR 2 3.6 531.7
288.4 AGR 0 0.256 73.8

3.7 BWR 3 6 . 0 2 2 .2

4.0 BWR 7 15.6 62.4
139.9 BWR 2 3.6 503.6
33.8 PWR 1 1 .2 40.6

To ta l 617.5 1234.4 1254 0.98

Mar-98 147.7 BWR 2 3.6 531.7

3.7 BWR 3 6 . 0 2 2 .2

4.0 BWR 7 15.6 62.4
139.9 BWR 2 3.6 503.6
336.9 AGR 0 0.256 8 6 .2

148.9 PWR 1 1 .2 178.7

To ta l 781.1 1384.9 1426 0.97

O ct-9 8 148.9 PWR 1 1 .2 178.7
268.3 AGR 0 0.256 68.7
219.3 BWR 3 6 . 0 1315.8
54.7 BWR 3 6 . 0 328.2
47.1 BWR 2 3.6 169.6

To ta l 738.3 2060.9 1922 1.07

Ja n -9 9 2 1 0 . 6 AGR - 0 0.256 53.9
219.3 BWR 3 6 . 0 1315.8
54.7 BWR 3 6 . 0 328.2
47.1 BWR 2 3.6 169.6
40.8 BWR 3 6 . 0 244.8
89.5 BWR 3 6 . 0 537.0

Tota! 662.0 2649.3 2314 1.14

Ju l-9 9 217.9 BWR 3 6 . 0 1307.4
54.7 BWR 3 6 . 0 328.2
47.1 BWR 2 3.6 169.6
130.3 BWR 3 6 . 0 781.8
167.2 AGR 0 0.256 42.8

To ta l 617.2 2629.8 2517 1.04

M ay-00 311.3 AGR 0 0.256 79.7
69.7 PWR 1 1 .2 83.6
75.5 PWR 1 1 . 2 90.6
64.3 PWR 1 1 .2 77.2
44.6 BWR 1 1 .2 53.5

223.7 BWR 2 3.6 805.3
8 6 . 2 PWR 1 1 .2 103.4

To ta l 875.3 1293.4 1241 1.04
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C o-60  Feed Pond W ater A ctivity [SP 2280]
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Y e a r  a v e ra g e  B q/m l b a s e d  on 
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N O R T H  W E S T  R E G I O N  ADDRESSES

R E G IO N A L  O F F IC E  
Environm ent Agency 
PO Box 12
Richard Fairclough House 
Knutsford Road 
W arrington W A4 1HG 
Tel: 01925 653 999 
Fax: 01925 415 961

N O R T H  A R E A  O F F IC E  
Environment Agency 
Ghyli M ount 
Gillan W ay
Penrith 40 Business Park 
Penrith
Cum bria C A 1 1 9BP 
Tel: 01 768 866 666 
Fax: 01 768 865 606

C E N T R A L  AR EA O F F IC E
Environment Agency 
Lutra House 
D odd Way 
Walton Summit 
Bamber Bridge 
Preston PR5 8BX 
Tel: 01 772 339 882 
Fax: 01772 627 730

S O U T H  AR EA O F F IC E  
Environment A ge n cy. 
Appleton House 
430 Birch w ood Boulevard 
Birchwood
W arrington W A3 7W D 
Tel: 01925 840 000 
Fax: 01925 852 260

w w w .envlronm ent-agency.gov.uk

e n v i r o n m e n t  a g e n c y
G E N E R A L  E N Q U I R Y  L I N E

0845 933 3111
E N V I R O N M E N T  A G E N C Y  
F L O O D L I N E

0845 988 1188
E N V I R O N M E N T  A G E N C Y  
E M E R G E N C Y  H O T L I N E

0800 80 70 60
En v ir o n m en t
Ag en c y

http://www.envlronment-agency.gov.uk

