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INTRODUCTION

The Convention on the Prevention of Marine Pollution by Dumping of Wastes
and Other Matter (London Convention 1972) prohibits the disposal at sea of
radioactive wastes and other material. However, all material, including
natural material, contains radionuclides. According to the London
Convention, material can be disposed of at sea if it contains radionuclides
which have less than 'de minimis' levels of specific activity; then the
material is regarded as being 'not radioactive'. The Contracting Parties
requested IAEA to develop the concept of 'de minimis' and provide
guidelines for exclusion and exemption and for a specific assessment. This
advice resulted in the 'de minimis' report [1] and the guidelines for
radiological assessment [2]. At the moment the latter draft report [2] has
not been fully implemented but it is expected that it will be implemented
without major changes in the year 2002.
Implementation of the guidelines [2] has major consequences for dumping
authorities because dumping is prohibited if the material is not 'de
minimis'. A proactive attitude on the part of policymakers will show
authorities the consequences before the guidelines are actually
implemented.
This report has been requested by the National Institute for Coastal and
Marine Management because a radiological assessment procedure is needed in
connection with the disposal of sediment from Dutch harbours at the North
Sea dumping site Loswal Noord-West.

Radiological evaluation
In order to assess whether materials are 'de minimis' two criteria laid
down in the IAEA-TECDOC-1068 [1] have to be satisfied:
"A practice, or source within a practice, may be exempted without further
consideration provided that the following radiological criteria are met in
all feasible situations:
(a) the effective dose expected to be incurred by any member of the public

due to the exempted practices or source is of the order of 10 mSv or less
in a year; and
(b) either the collective effective dose committed by one year of
performance of the practice is not more than about 1 manSv or an assessment
for the optimization of protection shows that exemption is the optimum
option."
In the guidelines [2] these criteria are used to perform the stepwise
evaluation and to obtain the screening and detailed assessment.
According to the guidelines [2] the calculations involved in the screening
and detailed assessment determines whether the material is 'de minimis' or
NOT 'de minimis'.
The London Convention meeting [3] produced some draft guidelines for the
application of the 'de minimis' concept. In a stepwise evaluation procedure
the dredged material can be evaluated in to 6 steps. This is shown in
figure 1. The outcome is either 'de minimis' or not 'de minimis'. Step 6 of
the stepwise evaluation is a specific assessment. The evaluation scheme is
shown in figure 2. All relevant radiological data concerning the candidate
material, the shipments, the disposal locations and other relevant data
should be collected. The input values should represent the actual
situation. When input values are not available, default input values can be
used for the calculations. The outcome is 'de minimis' or not 'de minimis'.
When Step 6 is performed it is part of the evaluation procedure in figure
1. Therefore the outcome in figure 1 is also known and the assessment is
complete.
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Figure 1. Stepwise evaluation procedure. According to: London Convention
meeting LC 21 [3].

Flora and fauna
"A specific assessment should provide an evaluation of the potential
adverse impacts to the marine environment including effects upon human
health and to flora and fauna ..." [3]. Currently there are no criteria
that allow a specific assessment to be made of the effects on flora and
fauna [2]. But if criteria for evaluating the impacts of radioactivity on
the marine environment are available they should be utilised [2].
The guidelines [2] do not propose any radiological calculations for flora
and fauna. Candidate dredged material containing only minor amounts of
radionuclides may not need to be subjected to an unnecessarily detailed or
unnecessarily complex assessment process. In these cases the levels of
radiological protection for man are sufficient for flora and fauna.
According to the London Convention [3]: "International radiological
exemption criteria based on the protection of human health should be used
for part of this assessment. According to ICRP 60 [4]: "The Commission
believes that the standard of environmental control needed to protect man
to the degree currently thought desirable will ensure that other species
are not put at risk."

Dumping in past, present and future
The guidelines [2] deal with candidate material for disposal at sea.
Material should be examined before any specific action is taken. This
report, however, deals with harbour sludge material which has been being
dumped at sea for decades. In the year 2000 the main anthropogenic source
of radionuclides, the fertilizer phosphorus industry, stopped its waste
disposal activities in Rotterdam harbour. This will have a major
radiological impact because phosphorus production, with phosphorus gypsum
as waste product, is the main contributor of radionuclides to inland and
estuarine waters [5]. Rotterdam harbour sediment has a higher radioactivity
level than all other Dutch waste material disposed of at sea [5]. Because
the phosphorus industry has now cease its waste activities, it is expected
that the specific activity of the material will decrease in the near



3

Figure 2. Specific assessment evaluation procedure.
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future. In future the dredged material may be regarded as material from
natural sources because the anthropogenic contribution to the total
activity concentration is very low. Therefore, the total activity
concentration of material will probably be reduced to that of the natural
background concentration in the estuarine environment. The stepwise
evaluation procedure needs to be re-evaluated.

METHODS AND INPUT VALUES

The methods used are specified in the guidelines [2]. A stepwise evaluation
must be performed whether the material is ©de minimis© (figure 1). If Step
6 needs to be performed, then the screening or the detailed assessment
should be performed (figure 2).
An additional criterion is required in connection with the procedure for
calculating individual doses (paragraph 3.4.3.) in the guidelines [2]. This
is part of the text [2] but is not contained in the equations. The total
annual individual dose for the crew ( Eind,crew ) also needs to comply with the

radiological criterion of 10 mSv a -1  specified in IAEA TECDOC-1068 [1]. The
equation 3.a needs to be added:

Eind,crew  £ 10 mSv a -1

The input values are those related to the actual dredging and dumping
situation. If these input values are not available, then the default values
of the guidelines [2] are used.
The input values with references are in Appendix I and II of this report.

Calculations
The calculations and criteria laid down in the guidelines [2] were
programmed in an MS Excel spreadsheet. The criterion relating to total
annual individual dose for the crew criterion was also been programmed in
the spreadsheet and is represented as equation 3.a.
It has been programmed for both the screening and detailed assessment.
The explanations of the calculations are to be found in Appendix II of this
report. They automatically answer questions concerning the screening and
detailed assessment. These are depicted in the scheme shown in figure 2.
The question "Do you want to continue?" in figure 2 is not answered. This
has to be answered by the country©s representative in charge.

RESULTS OF 'DE MINIMIS' SCHEME

Stepwise Evaluation Procedure
The stepwise evaluation procedure is described on page 2, Box 1 [2]. The
questions are answered and the relevant decision steps are motivated.

Step 1: Candidate material
1. Are the proposed materials eligible for dumping under the provisions of
the London Convention?
2. If NO, the material is not allowed to be dumped and no further
consideration is warranted.
3. If YES, go to Step 2.

Answer: Yes (go on to Step 2.)
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Motivation: Material which may not be disposed of at sea for reasons other
than the radioactivity content is transported to a special sediment depot
called the Slufter. In the current situation the radiological aspects of
the material do not play any role in the decision about where the material
will be disposed of.

Step 2: Initial screen for sources of contamination
1. Is there reason to believe that the candidate material contains anything
other than unmodified natural radionuclides at background comparable with
that in the receiving environment and artificial radionuclides derived from
global fallout?
2. If NO, the materials are ©de minimis©.
3. If YES, go to step 3.

Answer: YES (go on to Step 3).
Motivation: Phosphorus gypsum dumped in estuarine waters contains a much
higher activity concentration of Radium-226 (about 700 Bq.kg -1 ) than the
local background levels (25 Bq.kg -1 ). The radionuclides are chemically
dissolved from their natural matrix i.e. the phosphate ore.

Step 3. Assessment of additional causes/sources
1. What are the likely additional causes/sources contributing to the
radioactivity in the materials?
2. If only unmodified natural causes/sources, go to Step 4.
3. If only anthropogenic causes/sources, go to Step 5.
4. If both anthropogenic and natural causes/sources, go to Step 5.

Answer: 3 (go on to Step 5).
Motivation: Human interference by the dissolution of the ore in a wet-acid
process and the disposal of the phosphate gypsum cause the radioactivity in
the material.

Step 5. Anthropogenic causes/sources
1. Were the likely anthropogenic causes/sources part of exempted or cleared
practices or excluded exposures?
2. If NO, go to Step 6.
3. If YES, were the marine environmental exposure pathways considered by
the national radiation protection authority and are these suitable to an
assessment of the proposed dumping operation?
3.1. If YES, the materials are ©de minimis©.
3.2. If NO, go to Step 6.

Answer: 2. NO (go on to Step 6).
The likely anthropogenic causes/sources were part of a law on legislation
concerning nuclear energy (Dutch: Kernenergiewetgeving) but were not
exempted practices.

Step 6. Specific assessment
Materials not determined to be ©de minimis© through the evaluation in Step
1-5 (or Annex I [2] ) above may be determined to be ©de minimis© by the
application of a specific assessment.

The evaluation continues with a specific assessment procedure. A screening
assessment and a detailed assessment were performed (figure 2).
Note: Step 4 in the evaluation procedure is not relevant because the answer
to Step 3 and makes Step 4 irrelevant.
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Screening and detailed assessment
Input parameters and calculations for the screening assessment and detailed
assessment are in Appendixes I and II.
The material is NOT ©de minimis© as far as the screening assessment is
concerned. As shown in the scheme in figure 2, the authorities have to
decide wether they want to continue. Stopping will mean that the material
is NOT ©de minimis©. Continuing will require a detailed assessment
procedure. This was carried out and calculations were performed.
The detailed assessment showed that the material was ©de minimis©.
Precise input values and exact calculations are given in appendix II.A and
appendix II.B.

CONCLUSIONS

The material disposed of at sea under the law on seawater pollution [6,7]
was evaluated according to IAEA guidelines [2]. The evaluations were
performed with supplied input parameters together with suggested default
input parameters. The guidelines are reduced to the schemes in figure 1 and
figure 2.
In Step 1 to 5 of the stepwise evaluation [3] the material was found to be
NOT ©de minimis©. Therefore, a specific assessment (Step 6) had to be
carried out using the assessment procedures from the IAEA guidelines [2].
The activity concentrations of the material and the mass to be dumped were
the basic input values for the screening assessment.
Calculations with the default values showed that the material is NOT ©de
minimis© as far as the screening assessment is concerned. The assessment
was continued in order to answer the questions related to the detailed
assessment (figure 2).
When input values from different sources were used in the detailed
assessment the material was found to be ©de minimis©.
According to the London Convention 1972 the LC 21 [3] materials which are
©de minimis© are regarded as NOT ©radioactive© and their disposal at sea is
allowed.
The question: "Do you want to continue?" in figure 2 is not answered in
this report. The answer needs to be given by those persons in charge.
Continuing (the Yes answer) leads to ©de minimis©. Not continuing (the No
answer) leads to NOT ©de minimis©.
The scheme of figure 2 fits into the scheme of figure 1 an completes the
assessment.
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APPENDICES

APPENDIX I Input values

APPENDIX II Assessment calculations

Appendix II.A. Input parameters

Appendix II.B. Screening and detailed assessment calculations.

FILES ON CD-ROM

All computer files used for this report are on the CD-ROM supplied to RIKZ.
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APPENDIX I

INPUT VALUES

Input value for screening assessment

For the screening assessment one needs two minimum input values: the
activity concentration C(j) of the radionuclide in the material and the
total amount of the material to be dumped (M). The total amount of material
dumped at sea, M, was calculated from the annual amount of harbour sludge
which was dredged in the harbour and from the WVZ-permits issued [6,7]. The
activity concentration was calculated as a weighted average activity
concentration based on measurements of Radium-226 [8] in a dredged area and
the average yearly amount dredged in that area [9]. Measurement were not
made in every dredged area; therefore is some cases the activity
concentration of a neighbouring area was used. Exact calculations are in a
computer file and can be supplied on request.
The weighted average activity concentration is calculated thus:

where
C( j,n)= activity concentration of radionuclide j in area n,
j= radionuclide (Radium-226, Lead-210 or Polonium-210),
n= dredged area in which the sediment is dumped at sea,
M(n) = dumped mass (kg dry weight) in a dredged area n [9]; the total sum
equals all the material dumped at sea (M).

Radium-226 activity concentration
The Radium-226 activity concentrations were from [8]. Radium-226 activity
measurements were not made in every dredged area; therefore in some cases
the activity concentration of a neighbouring area was used. The wet
material dumped in a dredging area is a yearly average amount [9]. In order
to obtain the amount of dredged material based on the amount of dry
material, the amount of wet material was multiplied by 0.375 .
The calculations and the input values are available on computer files.

Lead-210 / Polonium-210 activity concentration
No direct measurements of the activity of either Lead-210 or Polonium-210
are available for the year 2000. Onlike Radium-226, these two compounds are
strongly adsorbed to sediment in the harbour. However, in the past
measurements were made in samples from the harbour area where both Lead-210
and Radium-226 were measured [10]. Relations between Lead-210 and Radium-
226 were determined for sandy and silty sediments.

For samples in which a grain-size distribution < 63 mm exceeded 20 % , a
Lead-210/Radium-226 ratio of 3.6 is used; if lower than 20 % this ratio is
2.8. In samples with no grain-size distribution the average ratio of 3.2
was used. In every dredged area the activity concentration of Lead-210 can
be calculated by multiplying the activity concentration of Radium (Bq.kg -1 )
by the value of the Lead-210/Radium-226 ratio of the specific dredged area.
Polonium-210 has analogous sorption behaviour and is also strongly adsorbed
to sediment; therefore the activity concentrations of Lead-210 and
Polonium-210 are equal.
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The calculations resulted in C(j):
C(Radium-226)  =  30.06 Bq.kg -1

C(Lead-210) = 106.31 Bq.kg -1

C(Polonium-210) = 106.31 Bq.kg -1

M = 5.94 . 10 9 kg (dry weight)

The input values and calculations for every dredged area are available on
computer files. The files are not included in this report.

Input value for detailed assessment

Vessel shipping information
The site-specific information is from [11]:
Two ships are in operation for sediment dredging; one is operated by the
Rotterdam Harbour Authority ( GHR) and the other by the Ministry of
Transport, Public Works and Water Management ( RWS). The destination (sea or
depot) is not important.
The load capacity of the ship and the amount transported per shipment is:
load capacity GHR: 3000 m 3 with total amount of 4.10 6 m3 transported per
year and load capacity RWS: 8000 m 3 with total amount of 12.10 6 m3

transported per year.
The weighted average load capacity: M(ship) = 5714 m 3.
The shipping of the sediment takes: GWR 3 hour and RWS 4 hour.
The weighted average of length of each voyage t(shipment)= 3.57 hour.
The number of shipments needed to transport the material: N(shipment)= 1
because an average ship is considered.
The number of dumping sites in operation for a single nation, N(sites)=1.
The time during which the crew is exposed to radioactivity in the material
on board the ship is calculated according to paragraph II.3.6.1.
When M is very large, the maximum exposure time is set at 1000 h.a -1

according to II.3.6.1. of the guidelines [2].

Box model
Information about the box model according to [11].
The volume V of the box is: 15.10 9 m3 (Length=100 km, Width=10 km, Depth=15
m)
The average flux of water through the coastal region this is 0.75.10 4 m3.s -1

across the area along the coast ( W*D= 15.10 4). The average annual flux is:
F= 2,37.10 12 m3.a -1 .
The average depth of the water column, D=15 m.
The thickness of the sediment boundary layer, L(B)=0.3 m.
The effective thickness of coastal sediment, d(s)= 0.3 m.
The suspended sediment concentration, S= 0.01 kg.m -3 .

The density of the coastal sediment, r (S)= 1500 kg.m -3 .

In the calculations r (S) is represented as: rho(S).

The density of the sediment boundary layer, r (B)= 1500 kg.m -3 .

In the calculations r (B) is represented as: rho(B).
The coastal length for one site, L(shore)= 100 km or 10 5 m.

Fish and shellfish consumption
The annual amount of fish caught in the area around a single site, N(fish)=
107 kg.a -1  according to paragraph II.3.7.6. [2].
The annual amount of shellfish caught in the area around a single site
N(shellfish)= 4.10 6 kg.a -1  according to paragraph II.3.7.6. [2].
The consumption of seafood in the Netherlands is from Leenhouts et al.
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[12].
The consumption rate for fish H(fish)= 4 kg.a -1 .
The consumption rate for shellfish H(shellfish)= 0.3 kg.a -1 .

Sediment distribution coefficient
The sediment distribution coefficients are those from [5].
For Radium-226 the default value was used because there were no site-
specific values. The distribution coefficients for Radium-226 are of the
same order of magnitude [5]. For Polonium-210 K(d)= 134 m 3.kg -1  [5, 13]
(calculated from measurements instead of the default value 20000 m 3.kg -1

[14]; note the huge difference) at the dumping site Loswal Noord and for
Lead-210 K(d)= 197 m 3.kg -1  [5] (instead of the default value 200 m 3.kg -1

[2]).
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APPENDIX II

ASSESSMENT CALCULATIONS

The input values are in Appendix II.A. The parameters are given in the
units: Bq, kg, g, Sv, a (annual), m, h (hour). In the MS Excel spreadsheet
file, IAEA.XLS the parameters are on the sheet: Variables.
For the screening assessment the Mass (M) and the activity concentration
C(j) of the material to be dumped are needed. The other input values are in
table 3.2. and table 3.3. [2].
For the detailed assessment almost all parameters are used. The source of
the parameters is given in the column references. Default values are from
the guidelines [2].
The automatic calculations of the screening and detailed assessment were
made in a spreadsheet. The outcome of the calculations is in Appendix II.B.
and in the Excel spreadsheet in the sheet: Formulas. The sheet starts in
the first column with the equation number, then the name of the parameter,
the formula used and the results of the calculations for three
radionuclides: Radium-226, Lead-210 and Polonium-210. The units are given
in the last column.
The question: "Are both criteria of individual an collective dose
satisfied?" in the screening assessment is answered by comparing Eq. 3a,
Eq. 4 and Eq. 9 in the spreadsheet. If all criteria are valid, then the
material disposed of is ©de minimis© otherwise the material disposed of is
not ©de minimis©. This answer is also programmed in the spreadsheet.
For the detailed assessment Eq.I.4 , Eq. I.18 , and Eq. I.21 will be used
for the evaluations. The answer is also programmed in the spreadsheet. If
all criteria are valid, then the material disposed of is ©de minimis©
otherwise the material disposed of is not ©de minimis©. This was programmed
too.

Appendix II.A. and appendix II.B. give the relevant part of the
spreadsheet. Different input values in the sheet Variables will be
calculated immediately in the sheet Formulas. For equation I.1, I.2, and
I.3. the relative contribution of the nuclide was calculated.

Appendix II.A. Input parameters
(sheet Variables in IAEA.XLS).

Appendix II.B. Screening and detailed assessment calculations
(sheet Formulas in IAEA.XLS).
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