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Sammanfattning - Abstract

With the results of the SSI-project DORIS - Dose Reduction in
Swedish BWRs in fresh memory, it is now of interest to focus
more in detail on specific measures for decreasing radiation
exposures.

Ultrasonic decontamination of nuclear fuel is an expeditious
way to reduce radiation exposures resulting in a minimal vo-
lume of waste. The fuel assemblies are set up in the fuel pre-
paration machine one at a time and treated without prior dis-
assemblage. By decontaminating 20% of the BWR fuel assem-
blies annually, there is a potential to reduce the collective dose
by approximately 40-50%. Including also improved reactivity
of the fuel, this amounts to an economic benefit of about 4
MSEK per reactor and year. The costs for performing the de-
contamination can be economically justified if the plants do
not plan for short outages each year.

The decontamination method could also be used for the pur-
pose of removing tramp uranium following a fuel failure or
minor core accident. An additional benefit is removal of
loosely adherent crud in order to decrease particle transients
during reactor shut-down.
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The waste produced will be handled in a closed filtering cir-
cuit. The channel box acts as the barrier towards the
surrounding pool water. Spent filters are placed in a suitable
shielded casks. Two alternatives for storage of the waste have
been evaluated. The waste could either be taken to the final
repository for long-lived waste (SFL) after interim storage at
the site or CLAB or transported to the final repository for
radioactive waste (SFR). The choice between these alternatives
depends on the content of the waste.

The method is suggested to be verified in a test on discharged
burnt-up fuel at site. In the test, the loosely adherent crud is
expected to be removed. The next step will be to develop the
method further in order to be able to remove also the tenacious
crud.
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Sammanfattning

Med resultaten från SSI's projekt DORIS som bas, är det
önskvärt att nu mer i detalj titta på vissa dosreducerande åt-
gärder. Ultraljudsdekontaminering av bränsle är en effektiv
och långsiktig metod för att minska stråldoserna.
Bränsleelementen behandlas individuellt utan föregående
demontage. Crudbeläggningen avlägsnas därvid i partikulär
form, vilket ger en synnerligen volymeffektiv och billig
lösning vad gäller avfallsbehandlingen.

Genom att dekontaminera 20% av BWR-bränsleinventariet
varje år, möjliggörs en sänkning av kollektivdosen med 40-
50%. Tillsammans med förbättrad reaktivitet för bränslet,
uppgår detta till en ekonomisk vinst på ca 4 MSEK per reaktor
och år. Kostnaderna för att genomföra dekontamineringen är
ekonomiskt försvarbara om verken inte planerar för korta av-
ställningar varje år.

Dekontamineringsmetoden kan också användas i syfte att av-
lägsna fritt uran efter en bränsleskada eller mindre härdin-
cident. En ytterligare fördel är att partikeltransienter under
avställning minskas.

Det producerade avfallet hanteras i en sluten filterkrets.
Bränsleboxen tjänstgör därvid som skärmning mot det omgi-
vande bassängvattnet. Förbrukade filter placeras i lämpliga
strålskärmade behållare. Slutförvar sker antingen i SFL,
efter mellanlagring på stationen eller i CLAB, eller i SFR.
Valet mellan de två alternativen bestäms av avfallets
innehåll.

Metoden föreslås verifieras i försök på slututbränt bränsle.
Vid dessa försök förväntas det yttre crud-lagret, löst sittande
crud, kunna avlägsnas. Nästa steg blir att utveckla metoden
vidare för att även kunna avlägsna det inre, hårt sittande
crud-skiktet.
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1 INTRODUCTION
With the results of the SSI-project DORIS - Dose Reduction in
Swedish BWRs in fresh memory [1], it is now of interest to fo-
cus more in detail on specific measures for decreasing radia-
tion exposures. The exposures in Swedish BWRs show an in-
creasing trend, while the corresponding trend in foreign
BWRs is the opposite. The increased requirements for higher
burnup levels for the fuel cause an even further rise of the
Co60-content in the reactor core and thereby also of the activity
levels. Decontamination of fuel assemblies enables a rapid
and long-term reduction of dose rates. Ultrasonic decontami-
nation of the fuel could in that respect be an expeditious met-
hod, as decontamination can be performed without prior di-
sassemblage of the fuel element. The crud layer is removed in
particulate form, which renders a volume-efficient and inex-
pensive solution as regards waste handling.

The study has been performed with support from a steering
committee from the customer SSI. This committee has con-
sisted of Thommy Godas, Ingemar Lundh and Birgitta
Svahn. Their support and feedback during the process of work
are highly appreciated.

1.1 OBJECTIVES
The objectives of this study are:

To determine the possibilities of decontaminating
nuclear fuel using ultrasonics

To outline how an ultrasonic decontamination could be
performed and examine technical limitations due to fuel
and fuel handling

To determine the long-term aspects of radiation protec-
tion and compare the benefits in exposure reductions
with the costs

To identify areas which need further investigations

1.2 LIMITATIONS
The study covers principally the conditions prevailing in
Swedish and Finnish BWRs. It is written as general as possi-
ble. Oskarshamn 3 has been chosen as the reference plant in
those cases where a more detailed view has to be taken into
account.

nan»
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DECONTAMINATION PURPOSES
There are three reasons for performing a fuel decontamina-
tion:

Removal of Co and Co60 from the cladding surface redu-
ces radiation exposures

Removal of loosely adherent crud may give a significant
decrease of particle transients during reactor shut-down

Removal of tramp uranium deposited on the core follo-
wing fuel failures or minor core accidents mitigates the
negative effects of these incidents

PROPERTIES OF THE CRUD LAYER
The nuclear fuel, the uranium pellets, is contained in the ap-
proximately four-meter long cladding tubes making up indi-
vidual fuel rods. These are in the ABB Atom design arranged
in four sub-bundles that together with the surrounding chan-
nel box form one fuel assembly, see Enclosure 1. Each sub-
bundle is supported by top and bottom tie plates and six spacer
grids. The cladding of the ABB Atom fuel is made of the zirco-
nium-alloy Zircaloy-2. The BWR spacers are normally manu-
factured in a nickel-base alloy.

The aim of the decontamination is to remove the crud layer
adhered to the outside of the cladding of the individual fuel
rods. Neither the underlying zirconium oxide nor the base
metal should be affected. The exterior of the channel box car-
ries a very limited amount of crud, but could have spalled zir-
conium oxide attached to it.

Crud consists of activated corrosion products, mostly metal
oxides, that deposit on the fuel cladding. The crud-layer can
be divided into two parts, an outer layer of loose structure and
an inner layer of more dense structure. The outer layer con-
sists mostly of hematite. The inner, tenacious layer, contains
hematite and Fe-Cr-Ni-oxides with spinel-structure. Most of
the activity (Co60) is normally incorporated into this adherent
layer.

The amount of crud accumulating on the cladding amounts to
roughly 2 g/m2 and year in the Swedish BWRs. About 70% of
the crud consists of Fe. The proportion between loosely and
tightly adherent crud varies. An approximate distribution va-
lue is 50/50 wt%. 2 g/m2 corresponds to 20 g per fuel bundle or
a uniform layer of 1,5 (im. In reality, more crud is located in
the lower part of the core.

Jklllft
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4 EXPERIENCE OF ULTRASONIC DECONTAMINATION OF NUCLEAR
FUEL

Several companies have sought patents for various ways of
removing crud with ultrasonics. Only a few results from ac-
tual decontaminations have been reported however.

ABB Atom in co-operation with The Swedish State Power
Board performed tests with ultrasonic decontamination of
nuclear fuel in Ringhals l in 1981. These tests were unfortu-
nately not successful. The project was therefore brought to an
end. In recent years, good results from treatment of dischar-
ged burnt-up fuel elements have been reported from Japan.
These results have created new interest in this field.

4.1 TESTS IN RINGHALS l
In 1981, four discharged burnt-up fuel rods were decontami-
nated in the fuel storage pool. The reason for the tests was
concern about the integrity of the fuel. At that time, the crud
on the cladding contained 40-50% Cu.

The rods were treated individually placed in a vertical pipe,
see Enclosure 2. Transducers were placed on two sides of the
rod and moved vertically along the rod. After the first scan,
the rod was rotated and once again exposed to an ultrasonic
scan.

The decontamination efficiency was studied as function of two
parameters: output (2x100 W and 2x600 W, 20 kHz) and velo-
city of the transducers (1 and 2 m/min). A water flow contai-
ning the removed crud was sucked from the bottom of the pipe
to a cartridge filter (porosity 10 and 1 um) placed on the floor of
the reactor hall. The filter was a Reactor Cavity Filtration
System borrowed from Ringhals 2.

The results of the Ringhals l tests were discouraging. Only a
few percent of the crud was removed. Later experience has
however shown that the effect of the ultrasound is enhanced
by reflections among a bundle of rods within a fuel channel.
The amount of crud deposited on the cladding varied between
5 and 15 g/m2.

Jklllt
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4.2 TOSHIBA
Toshiba has a method for removing loosely adhering crud
with ultrasonics. The method was developed using thermal
spraying to simulate crud for non-active tests.

70 discharged burnt-up fuel elements were decontaminated
during 1994 before being moved from the NPP Tsuruga 1 to the
NPP Tsuruga 2. The objective of the treatment was to mini-
mise transportation costs due to high amount of crud
(approximately 60 g/m2). Only loosely adherent crud has been
removed. 70 further fuel elements are to be treated in 1995.

The non-disassembled fuel elements were treated with 4x600
W, 26 kHz transducers during 9 minutes. The decontamina-
tion efficiency was 80% [2].

4.3 OTHER EXPERIENCES
In Japan, discharged burnt-up MOX-fuel has been ultrasoni-
cally decontaminated before inspection. Most of the loosely
adherent crud is reported to have been removed after 30 minu-
tes treatment. Decontamination was performed with 5 sta-
tionary transducers (600 W, 26 kHz each), mounted vertically
above each another. The fuel elements were rotated to expose
all sides to the ultrasonics [3,4].

Toshiba has earlier evaluated a number of different mechani-
cal methods for cleaning of fuel assemblies. Among these, ul-
trasonics and water jet cleaning were chosen for further stu-
dies. The conclusion of the initial tests was that ultrasonics
was the most efficient mechanical method and the only one to
be performed with non-disassembled fuel elements [5,6].

EPRI has performed a study on the feasibility of using non-
chemical methods to decontaminate PWR fuel. In the report,
ultrasonics and/or water jet cleaning are chosen as feasible
methods. The limited ability of the ultrasonics to remove also
tenacious crud is mentioned as the main draw-back of the ul-
trasonic method [7].

5 POSSIBLE EXPOSURE REDUCTION
It is not practical to decontaminate all of the core each year.
Thus, some kind of selection criterion for the amount of fuel
elements to be decontaminated is needed. Below three cases
are discussed: Decontamination each year and decontamina-
tion of two-year-old elements with a decontamination factor
(DF) of 50 and 100% respectively. These cases are compared
with the reference case when no decontamination is perfor-
med.

All»
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5.1 BKM-CRUD SIMULATIONS
With the computer code BKM-CRUD, developed by ABB Atom
[8], the effect of fuel decontamination on activity build-up has
been simulated. The calculations have been made for
Oskarshamn 2 (02) and Oskarshamn 3 (03).

Due to programming reasons, assemblies to be decontami-
nated are treated as exchanged. Thereby, decontamination
each year corresponds to 100% exchange of fuel with a DF of
100% (Case2). As 20% of the fuel is regularly exchanged each
year, decontamination of two-year-old fuel elements with a DF
of 100% corresponds to 40% (20 + 20%) of the fuel starting up
the new fuel cycle with fresh surfaces (Case3). 30% exchange
(Case4) corresponds to two-year old fuel being decontaminated
each year with a DF of 50%x. The last case has only been si-
mulated for Oskarshamn 3.

5.2 POSSIBLE DOSE REDUCTIONS
The results of the calculations can be seen in enclosure 3. In
the diagrams, the Co60-activity on primary system (PS) surfa-
ces has been calculated over the time.

In Table 5.1, the results are summarised giving the resultant
activity in year 2010 compared with the reference case2. If two-
year-old fuel elements are decontaminated each year, there is
a potential for dose reduction with up to 40-50%. As can be
concluded from the DORIS-project [1], this would correspond
to a reduction of the collective dose for the typical BWR plant
from approximately 2 to 1-1.2 manSv per year. With an DC-
value3 of 4 MSEK/manSv, this amounts to 3-4 MSEK.

It should be noted that the effect on dose reduction is delayed a
few years. The benefits will last a few year after decontamina-
tion is discontinued, however.

1 30% exchange can also correspond to half of the three-year-old fuel
elements being treated each year.

2 The reference case is further described in Enclosure 5.

3 Monetary value that is used to justify measures in order to reduce the
collective radiation dose of 1 manSv.
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Table 5,1. CooO-activity reduction obtained on primary system
surfaces in 2010 when decontamination is performed yearly in
comparison with reference case (no decontamination)

Case

Full core decontamination

All 2 year fuel decent. (DF 100%)

All 2 year fuel decontCDF 509&)1

Reduction of Co60
activity in 2010 compared
with reference case
02 03

70% 80%

45 50

35

From earlier simulations performed by ABB Atom [e.g. 9], the
conclusion has been made that fuel decontamination at one
single occasion is not recommended as the effect has limited
durability.

5.3 DECONTAMINATION EFFICIENCY
What are the criteria for a successful decontamination? In
one respect only a minor decontamination factor (DF) would
be beneficial. This could correspond to the removal of only the
loosely adherent crud. The shift in chemical equilibrium ob-
tained when crud is removed from the fuel causes the crud to
move from water and system surfaces to the fuel. The fuel
surfaces are the most efficient filter for corrosion products.
Thereby, the dose rates in the systems would be reduced.

There might be a disadvantage. If only the loosely adherent
crud is removed, the underlying, tenacious crud will be expo-
sed to the reactor water. Most often, this layer holds the main
inventory of Co60 and thus the activity. When exposed to the
reactor water, a larger amount of activity could possibly be
dissolved. These mechanisms have been studied within the
KEMOX-2000 project ordered by SKi and the Swedish utilities
[12].

The main objective of the decontamination is to remove Co and
Co60 from the fuel surface. Thereby the source of Co60 in the
systems is removed as well as particles that can be released
and transported out in the systems. Even a decontamination
factor of 50% may be of significant importance. It would be of
great interest to study these effects further in a test deconta-
mination of discharged burnt-up fuel.

1 This case is also equivalent with half of the three-year-old fuel being
decontaminated each year.

AMPIf
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6 ULTRASONIC DECONTAMINATION
6.1 THE ULTRASONIC PROCESS
6.1.1 The effect of ultrasonics

The theoretical principles behind ultrasonic decontamination
can be summarised as follows:

Decontamination takes place in a water container. A genera-
tor transforms the net frequency to e.g. 30 kHz. This signal is
fed to a transducer in which it is converted into a high-energy
mechanical acoustic wave. The wave propagates through the
surrounding medium. The acoustic wave creates areas with
alternating positive and negative pressure. In an area with
negative pressure, bubbles are created (cavitation). Each bub-
ble grows continuously with the alternating pressure until it
becomes unstable and collapses. It has been demonstrated
that the pressure in the bubble just before the collapse can
amount to thousands of bars. As the bubble implodes, it crea-
tes a microscopic but very strong shock wave. It is this cavita-
tion-collapse mechanism that is strong enough to remove the
crud layer.

6.1.2 Ultrasonic transducers
In order to avoid oscillation nodes and to be able to easily treat
the entire length of the elements, the transducers and the as-
sembly must move in comparison with each other. It is re-
commended to keep the transducers at a fixed level, as they
are calibrated for a certain pressure and move the element up
and down. Maximum recommended speed is 0.5 m/min, but
higher speeds have been used.

Transducers of 600 W are suggested to be used. There are two
standard frequencies available, 30 and 40 kHz. When decon-
taminating in water, 30 kHz is the recommended frequency.
It gives fewer but stronger cavitation bubbles which have a
better propagation ability.

There is no obvious danger that the ultrasonic equipment may
disturb other instrumentation. This should however be veri-
fied in connection with testing.

6.2.2.1 Radiation durability
The radiation level 150 mm from the surface of the fuel ele-
ment has been calculated to be approximately 104 Gy/h three
days after shut-down of the reactor. Experience from other
countries indicates that the ultrasonic equipment can with-
stand up to 5xl05 Gy. A rough estimation is that the equip-
ment will last for 50 hours, i.e. during approximately one de-
contamination campaign. The main concern is the connec-
ting cables. They might have to be changed more frequently.

A IIII
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There is experience from ultrasonic equipment being used for
measurement of the straightness of channel boxes. Despite
the measurement being made as close as 2 cm from the fuel,
no problems have been identified during the at least 10 years
that the method has been used.

6.2 PROCEDURES FOR PERFORMING AN ULTRASONIC DECONTAMI-
NATION

6.2.1 Decontamination set-up
The suggested set-up is outlined in Enclosure 4. The fuel ele-
ments are, by means of the fuel charging machine, trans-
ported one at a time to the Fuel Preparation Machine (FPM)
placed in the fuel pool (except in Forsmark 3). The assembly is
placed in the position for 8x8 fuel. This position is chosen as it
can be rotated and is easily accessible for the transducers
including fixtures.

In the suggested set-up, four transducers are placed on each
side of the fuel, parallel to the sides of the channel box. The
transducers are mounted in pairs on a fixture. One of the two
pairs can be opened up. Above and under the transducers, the
fixture is provided with wheels to maintain the parallelism
and the distance to the channel box. The fixture is provided
with a quick coupling adjusted to the service bars that are
used for inspection of irradiated fuel. The entire assembly
with transducers, fixture and service bars is hung from the
jib crane. To avoid pool contamination due to spalling zirco-
nium oxide from the outside of the channel box, the fixture is
also provided with plates underneath to collect any contami-
nants removed from the outside of the channel box.

The crud is removed from the outside of the cladding tubes
without the need for prior disassemblage. The channel box ac-
tually enhances the decontamination by providing additional
reflections of ultrasonic waves.

If the suggested set-up using the Fuel Preparation Machine
(FPM) is not possible (e.g. because the channel box is not re-
garded as enough of a barrier towards the pool water), there
might be problems moving the element vertically during tre-
atment. In this case, it could be possible to arrange a special
decontamination box with walls being covered with transdu-
cers. The fuel element would be left there during treatment,
the loading machine only needed for transportation back and
forth and possibly for rotation of the element. This concept has
other disadvantages however, why it is not being further in-
vestigated at this point.

mill
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6.2.2 Decontamination procedures
The work flow is divided into the following activities:

Fuel element is placed in the Fuel Preparation Machine
(FPM)

The ultrasonic transducers are applied around the ele-
ment

The filtering circuit is mounted to the fuel element

The FPM holding the fuel element is moved through the
transducers with a speed of approximately 0,5
m/minute. The element is scanned twice, up and down.
The scan can be repeated if necessary. During the entire
process, water is flowing through the element and the
filter in a closed circuit.

Dismounting of the filtering circuit

The ultrasonic transducers are removed from the fuel
element

The fuel element is removed from the FPM

The spent filter is exchanged when needed

The time to perform the entire decontamination cycle is about
20 minutes. This time is however strongly dependant on the
time for rinsing of the element and the access to the fuel
charging machine.

The effective time to treat 20% of the core, 140 elements in the
Oskarshamn 3 case and 90 elements in the Oskarshamn 2
case, is 50 and 30 hours, respectively. Access to the fuel char-
ging machine is regularly needed during this time. During a
short outage, the fuel charging machine is continuously used
for fuel reloading and shuffling. As can be seen in chapter
10.2.3.1, however, decontamination can be combined with
these activities.

6.3.3 Analyses
The ultrasonic decontamination method has to be verified
with a test of a discharged burnt-up fuel element. The follo-
wing analyses are recommended to be performed in connec-
tion with the hot test:

All»
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Before decontamination:

The standard procedure fuel scraping is performed on at least
three levels on a predecided amount of peripheral rods.
Brushing as well as grinding samples are recommended. The
samples are analysed for chemical composition and gamma
specific activity.

During decontamination:

The build-up of activity in the back-ground shielded filter is
continuously monitored by means of dose rate measurement
of the filter.

After decontamination:

Crud sampling and analyses are performed as before decon-
tamination. The same rods that were examined prior to de-
contamination are to be analysed. The bundle is furthermore
disassembled in order to enable crud sampling of some of the
rods facing inwards in a bundle.

A detailed camera inspection of the fuel element is made.
Degree of purity as well as surface defects (e.g. loosened zir-
conium oxide) on the rods should be sought for.

A requirement from the ABB Atom Fuel Division is that exa-
mination of the integrity of the fuel is made by neutron ra-
diography, see chapter 8.

6.3.4 Optimisation of treatment
According to literature and experience of ultrasonic deconta-
mination, ultrasonics alone are not able to remove the inner
crud layer. Studies being performed within ABB indicates
that there is a possibility of removing also the tenacious layer
by combining ultrasonics with thermodynamic conditioning
of the crud. This concept, that does not include the addition of
hazardous chemicals, is patent pending.

7 WASTE HANDLING
7.1 CLOSED FILTERING CIRCUIT

Release of activity into the pool water is avoided by the channel
box serving as a barrier between the decontamination circuit
and the pool water. If necessary, the entire decontamination
set-up could be placed in a separate tank within the pool. The
detached crud and possibly tramp uranium are removed in a
closed filtering circuit consisting of pump and filter connected
by hoses, see suggested set-up (Enclosure 4). The circuit is
connected to the top and the bottom of the fuel element. As the
crud is removed, the particles are sucked off from the bundle
to the filter where they are removed. After finalised ultrasonic

4k IIIIsimp
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treatment of an element, the cleaning flow is maintained
until all of the crud has been removed in the filter. Possibly de-
tached spalled oxide on the outside of the channel box includ-
ing the minimal amount of crud that could be found there is
collected by means of baffles mounted below the transducers.

During decontamination, the amount of activity collected on to
the filter is supervised.

The filter is suggested to consist of a filter cartridge within a
closed filter housing. All materials used should be inert to io-
nising radiation. The cartridge is made of glass fibre
(borosilicate) and the closed-welded housing is manufactured
in stainless steel. The dimension of the filter is adjusted to fit
into the dimensions of the shielded transport and/or storage
cask chosen. Exchange of filter including housing and pla-
cing of the filter in a shielded cask should be remotely control-
led. The filters could also be placed in the cask already from
the start of decontamination. The glass fibre cartridge can be
delivered with a nominal porosity of down to 0,5 jim.

The amount of crud in two-year-old fuel is roughly 50 g per
element (corresponding to 5 g/m2 in a 3 |im uniform layer).
Treatment of 140 elements would give a total of 7 kg of crud to
handle if all the crud is removed. To this, a minor amount of
spalled zirconium oxide should be added. A very rough esti-
mate is that 20 standard size filter cartridges (diameter
275 cm, length 4071 m) is needed to filter this amount of
crud.

7.2 WASTE HANDLING INCLUDING FINAL DISPOSAL
Waste handling is crucial for the success of the decontamina-
tion method. The main disadvantage of chemical decontami-
nation of fuel is the large amount of waste produced (in the
form of ion exchange resins). The activity content of one two-
year old fuel element is approximately 1-5 TBq CoGO. With a
DF of 100%, 700 TBq CoGO could possibly be collected onto the
filters when 140 assemblies are treated.

As a comparison, an estimate has been made that the crud re-
leased from one single fuel element (with a DF of 100%) corre-
sponds approximately to the activity produced in the full sys-
tem decontamination recently performed in Oskarshamn l
[10].

Jkllf lt



ABB Atom AB RAPPORT/REPORT SDM 95-1124
95-05-19 Sida - Page 17

RevO

7.2.1 Strategy for waste handling
There are two main alternatives for waste handling: Final
storage in the final repository for long-lived waste (SFL) or fi-
nal storage in the Swedish final repository for radioactive
waste (SFR). Final storage in SFL requires interim storage in
the CLAB-facility (Central interim storage facility for spent
nuclear fuel) or at the site.

The first selection criterion is the presence of tramp uranium.
If there is no significant amount of uranium, the waste could
possibly be taken to SFR. This could be desirable due to the fact
that the waste consists mostly of Co60 having a limited half-
life (5.3 years).

Other selection criteria are however the amount of transura-
nium and activity from Co60 respectively. There are limita-
tions for both of these in SFR. The transuranium quota may
become filled by damaged fuel rods. The Co60 activity in SFR
must not exceed l.SxlO1^ Bq in the year 2010. If these limita-
tions cannot be met, the waste will be stored in SFL.

After storing the waste in CLAB or at the site, the activity of
the waste will decay significantly. After interim storage, the
waste can be transported to SFR or SFL based upon the alre-
ady mentioned criteria.

The SFL and the SFR alternative are both discussed in the
following.

7.2.2 Waste handling according to the SFL alternatives
The waste handling is divided into five activities. These are:

1. Transfer of spent filter to cask

2. Storage of cask at the plant

3. Transport of cask to CLAB

4. Storage of cask in CLAB

5. Transport of cask to SFL and storage in SFL

Step 3 and 4 could possibly be excluded as the casks can be sto-
red at the site until the time for final storage has come. Step 5
could be exchanged to transport to and storage in SFR.
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7.2.2.1 Choice of cask
A cask with the same dimensions as the channel box is sug-
gested. Thereby the highly active waste can be handled accor-
ding to the same p incipals and with the same equipment as
the fuel. The channel box cask is suggested to be manufactu-
red in stainless steel.

Another possibility is to use a core component disposal canis-
ter. It is a rather large container. If the transport of the crud
filters can be co-ordinated with another transport of e.g. core
components, the volume of the canister for core components is
however no disadvantage. The canisters for storage and
transportation designed within Decommissioning studies
could also be viable alternatives.

In the following, a channel box-like cask has been chosen for
description of the waste handling.

7.2.2.2 Transfer of spent filter to cask
When the filter is saturated with crud, it is transferred to the
channel box-like cask by remote control. The channel box cask
can be placed in the middle of the fuel preparation machine,
beside the element that is to be decontaminated (see Enclosure
4). The spent filters are inserted in the cask that in advance
has been closed with a bottom piece. A top lid or plug might be
necessary to apply. Both vertical and horisontal transport is
made in such a way that nothing can fall out of the cask.
Outside the facilities, the casks are being moved horisontally.
Alternatively, the filters can be inserted in special insert boxes
as is made with exchanged core components.

As mentioned earlier, the filters could also be placed in the
cask prior to decontamination. The amount of crud filters
produced from treatment of 140 fuel elements is estimated to
fit into 3 channel box casks.

7.2.2.3 Transport of cask to CLAB
After draining, the casks are placed in a transportation canis-
ter used for core components etc. The crud waste can not be
transported together with discharged fuel elements due to the
temperature increase in the transportation canister caused by
the decay power of the fuel. The transport canister is trans-
ported by a terminal vehicle to the harbour where Sigyn arri-
ves. At Simpevarp, the terminal vehicle drives straight to
CLAB.

7.2.2.4 Storage of cask in CLAB
The limited amount of channel boxes produced would be pos-
sible to store in canisters at CLAB.
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7.2.2.5 Transport of cask to SFL and storage in SFL
The crud-containing casks will be treated as core components
and internal parts. While spent fuel is to be encapsulated in
steel-lined copper canisters, other high-level waste is immobi-
lised in concrete moulds. It is placed in SFL 5 after immobili-
sation of entire canisters.

7.2.2.6 Costs associated with the SFL alternative
An estimate of the costs connected with waste handling ac-
cording to the SFL method is summarised in Table 7.1. It
should be noted that the cost for the crud waste will reduce the
handling cost for waste from other filters. This has not been
accounted for in the cost estimates.

Table 7.1. Estimate of costs for handling of crud waste assu-
ming three channel box casks with waste being produced and
stored in SFL

Activity

Manufacturing of 3 channel
box cask

Transfer of spent filter to cask

Storage of cask at the plant

Transport of cask to CLAB [11]

Storage of cask in CLAB [11]

Storage of cask in SFL [11]

Sum

Cost(kSEIO

50

-

-

551

50

452

200 kSEK/3 channel
box casks

1 This figure can be considerably lowered as the transport will probably be
coordinated with the transport of other waste.

2 This figure is a low estimate as it concerns the marginal cost for low-
level and intermediate level waste in the final repository. It is at this stage
howevev the best estimation to be found.
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7.2.3 Waste handling according to the SFR alternative
The waste handling is divided into three activities. These are:

1. Transfer of spent filter to cask

2. Storage of cask at the plant

3. Transport of cask to SFR and storage at SFR

7.2.3.1 Choice of cask
The cask can in this case be a metal drum or a concrete
mould. For radiation protection, it is placed in a shielded con-
tainer, e.g. the MOSAIK-CLAB shipping and storage cask
(CLAB-urnan). This cask has a so called B-license and can be
used for land transports. It has been designed for use as both
transportation and storage cask.

The MOSAIK cask was originally designed to be able to ac-
commodate activity corresponding to 300 Ci Co60. In order to
contain 300 Ci Co60 however, the cask has to be provided with
extra shielding1. If the decontamination is assumed to re-
move all the crud from the fuel rods, 300 Ci Co60 corresponds
to the activity from only 3 fuel elements. The amount of casks
required for treating 140 elements would accordingly amount
to about 45. This implies a considerable cost.

A rough estimate of using regular moulds with the thickest
walls points out that the crud from less than one fuel element
could be contained. For this reason, the concept has not been
further investigated.

In the following, the MOSAIK cask has been chosen for des-
cription of the waste handling.

7.2.3.2 Transfer of spent filter to cask
When a filter is saturated with crud, it is taken to the
MOSAIK cask placed on the floor of the reactor hall. Due to
the high radioactivity involved, a shielding arrangement is
necessary.

7.2.3.3 Storage of cask at the plant
The MOSAIK casks are transported to the waste treatment
building of the site awaiting further transport to SFR. If ne-
cessary, the waste is immobilised with concrete prior to clo-
sing of the lids.

1 The MOSAIK cask is licensed for approximately 30 Ci Co60.
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7.2.3.4

7.2.3.5

Transport of cask to SFR and storage in SFR
The casks are transported to SFR as is routinely made with
the intermediate level waste produced at the site.
Transportation is made with the casks contained in transport
containers (ATB - Avfallstransportbehållare). At SFR the
waste will be stored in the silo repository chosen for the more
radioactive waste arriving to SFR.

Costs associated with the SFR alternative
An estimate of the costs connected with waste handling ac-
cording to the SFR method is summarised in Table 7.2. It
should be noted that the cost for the crud waste will reduce the
handling cost for waste from other filters. This has not been
accounted for in the cost estimates.

Table 7.2 Estimate of costs for handling of crud waste assu-
ming the waste produced is stored in SFR

Activity

Purchase/rent of 60 MOSAIK casks1

Transfer of spent filter to cask [11]

Storage of cask at the plant [11]

Transport of cask to SFR and
storage at SFR [11]

Stun

Cost(kSEK)

240002

-

-

230

24 200 kSEK/60 MOSAEK casks

8

To this sum the cost for licensing of the MOSAIK cask for this
type of waste should be added.

THE INTEGRITY OF THE FUEL
As the cladding tube is filled with gas (mostly helium), the ul-
trasound does not propagate through the cladding into the ur-
anium pellets. The pellets are however fragmented during op-
eration and parts of them may therefore be in contact with the
cladding tubes. For that reason, the pellets can take part in
the vibrating action caused by the ultrasound. It is not
believed that the pellets will be damaged due to vibrations.
This should however be verified with neutron radiography

1 The number of casks can be reduced if they are able to be reused.

2 A very rough cost estimate of 400 kSEK/MOSAIK has been used for
calculations
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following a test of discharged burnt-up fuel. It is not likely
that the vibrations of the pellets will harm the cladding
material. This can however be verified in inactive testing with
rods filled with eg Pb-pellets.

Ultrasonic treatment is a well-known method for treatment of
surfaces. Experience has shown that hard surfaces, such as
stainless steel and zirconium, are not harmed by the cavita-
tion effects. Thus the actual ultrasound is not judged to be of
any harm for the integrity of the cladding or spacer material.
This can also be verified in a long-term non-active test. The
main concern is the possible vibrations (bending) induced in
the fuel element. It has to be verified by calculations and/or
tests that no harmful vibrations (close to point of self-oscilla-
tion) are induced.

Spalling zirconium oxide in the spacer area will probably
come off during decontamination. The amount of spalling
oxide produced on the entire core during one operational year
does normally not exceed 1 kg. Thus, the amount of spalling
zirconium oxide expected to be released can be handled in the
filtering circuit without any additional efforts. Oxide being
removed from outside the channel box will be collected separa-
tely.

The ultrasonic treatment is not expected to affect the cladding
material, base metal and zirconium oxide. This should howe-
ver be verified in inactive tests of autoclaved cladding tubes as
part of the verification program for the method. It is further
examined in tests on discharged fuel.

DECONTAMINATION FOLLOWING A FUEL FAILURE
The reason for performing a fuel decontamination has so far
been concentrated to the reduction of dose rates. There is also
a possibility of removing tramp uranium following a fuel fai-
lure or a limited core accident.

Tramp uranium from one or more defect fuel rods is spread
rather uniformly over the entire core. This means that at the
first outage after the fuel failure has been detected, all the fuel
assemblies should be decontaminated. The tramp uranium is
deposited outside of the loosely adherent crud. After some
time, it will be covered by newly deposited loose crud. The pos-
sibilities of removing the uranium is in both cases good, as the
ultrasonics can remove the loosely adherent crud efficiently.

The cost for decontaminating the entire core will be higher as
more elements are treated. On the other hand, the benefits
can also be considerably higher. The gain can amount up to
500 MSEK if the alternative is exchanging the entire core.
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10 COST-BENEFIT ANALYSIS
10.1 BENEFITS

The benefits of ultrasonic fuel decontamination can be sum-
marised according to:

1. From ALARA point of view, the method is an efficient
way to reduce dose rates by decreasing the amount of
crud. A fair estimate is that the collective dose can be re-
duced by 40-50% from the present approximately 2
manSv to 1-1.2 manSv per year and reactor. This
corresponds to about 3-4 MSEK per reactor and year.

Decontamination of fuel may become a necessary prere-
quisite for increased burnup of fuel. The total activity
content increases with the square of the burnup level.
Increased brrnup will cause a sharp increase of the
Co60-content in the reactor and thus the activity levels.

2. In the case of decontamination following a fuel failure,
the benefit of the method can amount up to 500 MSEK if
the alternative is exchanging the entire core.

3. When the amount of deposits on the fuel decreases, the
reactivity losses decreases also. The gain in decreased
reactivity losses can be estimated to 0.5 MSEK per reactor
and year for a 1000 MWe reactor1.

4. Decontamination is also an alternative treatment for
special cases such as a complement to rinsing to remove
debris.

The benefits of performing a fuel decontamination amounts
consequently to about 3.5-4.5 MSEK per year and reactor when
decontamination of all two-year-old fuel is performed yearly.

10.2 COSTS
The costs for performing a fuel decontamination with ultra-
sonics can be divided into costs for:

- Equipment

- Personnel

- Lost revenues

- Waste treatment including final disposal

1 An iron content of 0,5 ppb in the feed water has been assumed.
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10.2.1 Cost for equipment
The cost for equipment is mostly a one-time investment cost.
The cost for design and manufacturing of equipment is in the
order of some MSEK. Operational equipment costs are minor
costs for filters and cables.

10.2.2 Cost for personnel
The personnel cost for performing a decontamination of 140
fuel elements is about 400 kSEK. If the entire core is to be tre-
ated, the cost is about 550 kSEK.

10.2.3 Influence on the critical path during an outage
The method requires intermittent access to the fuel charging
machine. During a short outage (less than 2-3 weeks), refuel-
ling and shuffling activities are on the critical path of the out-
age. Both of these activities are performed using the fuel
charging machine. I'o estimate the influence of decontamina-
tion on the critical path, a study on the integration of the de-
contamination with refuelling and shuffling activities has
been made for Oskarshamn 3. The study is described in detail
in chapter 10.2.3.1. The result is that decontamination of all
two-year-old fuel at Oskarshamn 3 (140 elements) will incre-
ase the outage time with approximately 40 hours. This time
can however be even further reduced by, during the short out-
ages, only decontaminating the two- and three-year-old fuel
assemblies that is anyhow being unloaded from the core. By
doing this, the extension of the critical path is brought down to
28 hours.

In the cases when the reactor is shut down for a prolonged
outage, a decontamination should be possible to perform
without any effect on the critical path. An extended outage,
which is normally scheduled for every third year, runs over a
period of 5-7 weeks. In Oskarshamn 2, an extended outage is
scheduled for 1995 and in Oskarshamn 3 for 1996. When revi-
ewing the past, it can be seen that extended outages are usu-
ally performed every other to every third year.

Assuming an extension of the critical path with 30-40 hours
in two out of three years, the cost for lost revenues is 3-4 MSEK
for Oskarshamn 3 and 1.5-2 MSEK for Oskarshamn 21.

Because of the high costs for lost revenues, an estimation of
the costs for discharging all two-year-old fuel elements and
store these in the fuel pool during one fuel cycle has been
made. By doing this, the decontamination can be performed

1 The figures are based on a cost for lost revenues of approximately 13
öre/kWh.
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any time during the year without affecting the length of the
outage. This assumes that an additional 20% of fuel elements
is purchased. The cost for purchase of 140 fuel elements is
about 200 MSEK for the utility. The loss of interest for such an
investment can roughly be assessed to 40 MSEK as a one-time
cost. This should be compared with the benefit of avoiding lost
revenues, 3-4 MSEK each year.

10.2.3.1 Integrating fuel decontamination with refuelling and shuffling
The study is based on the fact that access to the fuel charging
machine is on the critical path of an outage. Only the time
when the fuel assemblies have to be transported back and
forth to the decontamination set-up, by means of the fuel
charging machine, prolongs the outage time.

Processing time

Set-up time for mounting and dismounting of ultrasonic
transducers and filtering circuit to the fuel assembly is ap-
proximately 4 minutes. The decontamination time per assem-
bly by scanning the element twice through the transducers at
a speed of 0.5 m/min amounts to about 16 minutes. This can
be summarised to 20 minutes per decontamination cycle.

Transportation times

For fuel assemblies placed in the fuel pool, the transportation
time back and forth to the Fuel Preparation Machine (FPM)
estimates to 8 minutes. For fuel assemblies still in the Reactor
Pressure Vessel (RPV), the equivalent time is estimated to be
15 minutes.

Unloading

Unloading of fuel elements from the RPV to fuel racks is ac-
cording to information from OKG performed at a rate of 3.5-4
fuel assemblies per hour. With this rate, the unloading of 140
fuel elements would take 35-40 hours to perform.

Every year, some 250-300 fuel assemblies are unloaded from
the RPV for various reasons. Approximately 140 elements are
being discharged. The remaining are taken out for different
inspection and/or service reasons. If supposedly 20% of the
remaining unloaded fuel elements have been in operation for
two fuel cycles, the extra time to decontaminate these in con-
nection with the unloading activity amounts to 8 minutes per
fuel assembly or a total of 4 hours.
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Relocation

In 1994, a total of 250 fuel assemblies were shuffled in
Oskarshamn 3. Approximately 40 of these had been in opera-
tion for two fuel cycles. The entire relocation activity theoreti-
cally takes 62.5 hours to perform. Decontamination of 40 fuel
elements integrated in the shuffling activity would increase
this time by 10 hours to 72.5 hours.

Conclusion

Out of 140 fuel elements, 70 can be integrated in regular
transportation activities giving an extended decontamination
time of 14 hours. The remaining 70 elements should be unloa-
ded from the RPV at an early stage of the outage. Thereby
their reloading following decontamination can be integrated
with regular unloading activities. (The fuel charging ma-
chine does not need to return empty to the RPV). With a care-
fully planned schedule, the decontamination process for the
70 remaining elements will increase the critical path time
with 28 hours. This makes a total of 42 hours.

By decontaminating both two- and three-year-old fuel ele-
ments that are unloaded and/or shuffled during the outage,
the excess time for treating 140 fuel elements can be brought
down to about 28 hours. This estimation is based on informa-
tion from OKG stating that two- and three-year-old fuel
assemblies are unloaded and/or shuffled in about equivalent
proportions.

10.2.4 Cost for waste treatment including final disposal
The cost for waste treatment for the CLAB/SFL-alternative
has been estimated to about 200 kSEK when decontaminating
140 fuel elements. The corresponding cost for the SFR-alterna-
tive is approximately 24 200 kSEK.

10.2.5 Total costs
The total sum for decontaminating 140 fuel elements is 3.6-4.6
MSEK. This excludes the design and manufacturing of decon-
tamination equipment and filtering circuit. The cost for de-
contaminating the entire core is 20-30 MSEK. The cost for lost
revenues constitutes in both cases the main part of the cost.
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Table 10.1. Cost and benefits for performing an ultrasonic fuel
decontamination (kSEK)

Activity

Equipment

Personnel

Lost revenues

Waste (SFL)1

Total cost

Benefit

Cost assuming an
20% additional
fuel inventory

O3 (140 assem.)

-

400

3000-4000

200

36004600

35004500 kSEK

600 + a one-time
cost of 40 000
(2 700 per
year in 15 years)

O3 (whole core)

-

550

20 000-30 000

1000

20000-30000

<500000kSEK

11 FURTHER WORK
The method is suggested to be verified in a test on discharged
burnt-up fuel at site. Prior to testing, optimisation of the con-
figuration and location of transducers should be done together
with initial verifications concerning the integrity of the fuel
and influence on cladding and spacer materials.

In the test, the loosely adherent crud is expected to be remo-
ved. The next step will be to develop the method further in or-
der to be able to remove also the tenacious crud.

12 SUMMARY
Ultrasonic decontamination of nuclear fuel is an expeditious
way to reduce radiation exposures resulting in a minimal vo-
lume of waste. The fuel assemblies are set up in the fuel pre-
paration machine one at a time and treated without prior di-
sassemblage. By decontaminating 20% of the fuel assemblies
yearly, there is a potential to reduce the collective dose by ap-
proximately 40-50%. Together with improved reactivity of the
fuel, this amounts to an economic benefit of about 4 MSEK per
reactor and year. The cost for performing a decontamination
is about 1 MSEK. To this cost should be added the cost for lost

1 The reduced cost for waste handling in other systems has not been
considered.

Jklill/imp



ABB Atom AB RAPPORT/REPORT SDM 95-1124
95-05-19 Sida - Page 28

RevO

revenues in the case that the decontamination affects the out-
age schedule and the electricity is in demand during the addi-
tional time it takes to perform a decontamination during an
outage. For a reactor the size of Oskarshamn 3, this cost is 3-
4 MSEK.

The decontamination method could also be used for the pur-
pose of removing tramp uranium following a fuel failure or
minor core accident. An additional benefit is removal of
loosely adherent crud in order to decrease particle transients
during reactor shut-down.

The waste produced will be handled in a closed filtering cir-
cuit. The channel box acts as the barrier towards the sur-
rounding pool water. Spent filters are placed in a suitable shi-
elded casks. Two alternatives for storage of the waste have
been evaluated. The waste could either be taken to the final re-
pository for long-lived waste (SFL) after interim storage at the
site or CLAB or transported to the final repository for radioac-
tive waste (SFR). The choice between these alternatives de-
pends on the content of the waste.

The method is suggested to be verified in a test on discharged
burnt-up fuel at site. In the test, the loosely adherent crud is
expected to be removed The next step will be to develop the
method further in order to be able to remove also the tenacious
crud.
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(PS) surfaces as calculated by BKM-CRUD
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The SVEA-96
Four sub-bundles with an integrated channel and removable handle



SDM 95-1124
Enclosure 2, 1(1)

ULTRASONIC DECONTAMINATION IN RINGHALS l IN 1981

1. Ultrasonic transducer
2. Fuel rod
3. Pipe
4. Hose
5. Filter (rod-type)
6. Ultrasonic generator
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SUGGESTED DECONTAMINATION SET-UP
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Information about reference case

The computer code BKM-CRUD contains reference input data files for
each plant. These are directly or indirectly based on measured data for the
plant in question.

Input data necessary to run the code is:

Power history, feed water flow, amount of reactor water

Flow and removal efficiency of the RWCU-system

Surfaces, materials composition and corrosion rates for
material in the primary system

Fuel data (number of fuel assemblies, operational history, power
density, spacer material etc)

Content of corrosion products in the feed water (Fe, Ni, Co, Zn,
Cr, Cu)

Geometrical data for a vertical pipe (system 321, cooling
system for the reactor at shut-down) and for the steam pipe for
dose rate estimations

The reference cases used in this report are based on plant experience up
until the fuel cycle 1993-94. For the time after this, the following data have
been assumed for Oskarshamn 3:

Fuel reload: 140 fuel assemblies/year
Fuel history: 250 days of full power, 91 days coast down and 24 days
shutdown
Content of corrosion products in feedwater:

Before operational year 93/94 After operational year 93/94

Fe: 0.037 ppb Fe: 0.1 ppb
Ni: 0.016 ppb Ni: 0.05 ppb
Co: 0.0044 ppb Co: 0.002 ppb
Zn: 0.0005 ppb Zn: 0.001 ppb
Cr: 0.0045 ppb Cr: 0.1 ppb
Cu: 0.0015 ppb Cu: 0.0025 ppb


