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ABSTRACT

Decontamination of radioactive systems is necessary to reduce
personnel radiation exposures and also to reduce exposure during special
work. Mechanical decontamination methods are sometimes useful, but most
contaminated surfaces are inaccessible, so chemical decontamination often
is preferred. The A-P Citrox method will remove most contaminants from
CANDU systems, but is costly and long, damages components, and produces
large quantities of radioactive liquid waste. The Redox cycling process
is fast and inexpensive, produces only solid wastes, but removes small
quantities of deposit from Monel only. The CAN-DECON process removes
deposits from most materials including fuel cladding and has many other
advantages.
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INTRODUCTION

The advances which AECL and its collaborators have made in
reactor chemistry, equipment, and materials should decrease activity
transport and lower radiation fields in nuclaar power stations.

Radiation fields, however, will nev<=r be reduced to zero,
even by the best water chemistry and materials, and will gradually
rise as the reactor operates. People working in and around active
equipment are exposed to the radiation fields. Exposures may be
classified as either

Chronic -

or

Acute

accumulated during routine tasks around contaminated
equipment;

arising from unusually active equipment or
prolonged exposure close to or inside
contaminated equipment.

Devices such as shielding and renotely operated tools
help to reduce radiation exposure, but sometimes decontamination is
the most practical and economical method of reducing man-rem.

The contamination consists of radionuclides contained in
a film made up of two or more layers (Fig. 1). The inner layer,
built up largely from corrosion of the underlying metal, adheres
tightly to the metal. The outer layer, composed of deposited mater-
ials , is porous and loosely adherent, and therefore more easily
removed. Deposits are conglomer^^" o£ all of the corrosion products
and impurities in the coolant, but generally contain a high percentage
of iron.
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FIGURE 1

RESIDENCE OF RADIOACTIVE CONTAMINATION
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Decontamination techniques are not well enough developed
to remove only the offensive radionuciides from the deposits, so
part or all of the deposit and film must be removed.

Whole system decontamination can and should be done peri-
odically to prevent fields from ever getting very high.

Lo al decontamination can be used to reduce radiation
hazards during special maintenance or inspection.

Methods of decontamination may be mechanical or chemical
in nature (Table 1).

Table 1

METHODS OF DECONTAMINATION

(Deposit Removal)

MECHANICAL

Scrubb:ng
Blasting with steam, water or abrasive slurry
Vacuum cleaning

CHEMICAL

Dissolution
Spalling, occasioned by environmental changes

The aims of any method of decontamination are:

(1) to minimize rad:. ' \on fields, by maximizing the removal of activity,

(2) to minimize the cost of the decontamination, including radiation

exposure incurred during the decontamination.

The effectiveness of decontamination is usually reported as

the decontamination factor> i.e.

DF =
field before (mR/h)

field after (mR/h)

Some of the factors which contribute to the total cost of
a decontamination are listed in Table 2. Each method requires i ts
own special tools, apparatus, chemicals, techniques, and so on.
Some important considerations are:
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Man-rem : The decontamination must save more man-rem than i t
consumes.

Time : Long procedures mean l o s t power production.

Corrosion : Corrosive damage to components could cause lengthy
r e p a i r s following the decontamination.

Table 2

MAJOR COSTS FOR A DECONTAMINATION

Equipment

Special purpose tools
Filters
Ion exchange columns
Storage tanks
Waste handling equipment
Replacement p a r t s

Chemicals S IX Resins
Labor
Radiation exposure
Downtime
Contamination of coolant
Corrosive damage
Waste processing

MECHANICAL DECONTAMINATION

Mechanical decontamination techniques are limited to com-
ponents having simple configurations. Scrub brushes and water jets
can do quite a good job, provided the contaminated surfaces are
accessible for cleaning.

Figures 2 and 3 show a remotely operated mechanical
cleaner developed by the Engineering Research Branch at Chalk River
Nuclear laboratories, consisting of a vacuum cleaner behind a rotating
wire brush. The tool can remove most deposits it reaches, but reach-
ing the deposits can be a problem in cramped quarters.

Vacuum cleaning to rid components of fine, loose particles
may be a necessary follow-up to other methods.

Some of the deficiencies of mechanical cleaning are sum-
marized in Table 3. Many components are just not designed for
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FIGURE 2

A SCRUBBING VACUUM CLEANER.
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FIGURE 3
VIEW OF SCRUBBER IN THE VACUUM HEAD.
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cleaning. Their size and configuration often makes the internals
inaccessible; also, limited benefits accrue from cleaning a single
component if its neighbours are contaminated. Even if specialized
tools are developed for remote cleaning, mechanical techniques
necessitate men being close to some contamination. The radiation
exposure which they encounter reduces the overall benefits.

Table 3

I—

DRAWBACKS TO

MECHANICAL DECONTAMINATION

Inaccessibility of surfaces

Limited benefit from single
component cleaning

Exposure of operators

CHEMICAL DECONTAMINATION

In most cases of large component or system decontamination,
the preferred method of reducing fields is by chemical decontamination.
Chemicals can usually reach deposits which are physically inaccessible.
Chemicals can be applied to whole systems or to individual components.

Three different methods of chemical decontamination will
be considered.

THE AP-CITROX PROCESS

The standard method of chemical decontamination which has
been adopted for US-type reactors is the AP-CITROX method or some
variation of it. The AP-CITRnx process derives its name from the
fact that it uses two different chemicals: Alkaline permanganate
("AP") and Citrox - a mixture of citric and oxalic acids. It has
been applied several times to stainless steel loops at Chalk River,
and a detailed plan was developed for applying the method to the
Douglas point CANDU-PHW Reactor, although it was never implemented for
reasons which will appear later. Table 4 summarizes the steps re-
quired in applying AP-Citrox to a CANDU-PhW reactor.

First, the heavy water coolant would be displaced by H.,0.
Next, a 10% solution of alkaline permanganate would be circulate
through the system. This solution is a powerful oxidizing agent
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which oxidizes deposits and dissolves some of their components.
The remaining oxidized deposit is then more porous and more soluble
in acids.

Table 4

STEPS INVOLVED IN

THE AP-CITROX METHOD

Remove D2O
Apply AP solu t ion
Rinse
Apply Citrox solut ion
Rinse and flush
Replace D,0

After the AP treatment the system would be rinsed several
times to remove the chemicals.

Next, a 10% Citrox solution would be applied, which
would remove most of the remaining deposits.

After the chemical treatments, the whole system including
all appendages, instrument lines, etc., would have to be thoroughly
rinsed to rid the system of all traces of the chemical.

Finally, the D2O coolant would be replaced.

The AP-Citrox process has never been applied to a CANDU
reactor, but Table 5 summarizes the likely results of applying the
process to Douglas Point. Tha process would probably do a good job
of cleaning the whole system and reducing fields to very low values,
but at a high cost.

Table 5

EVALUATION OF AP-CITROX

APPLIED TO A 200 MW CANDU-PHW

ADVANTAGES

DF - 10 to 100
Cleans fuel

DISADVANTAGES

Displace D2O
Downgrading
2 mo. downtime
100 man-rem
$3,000,000
Liquid waste
Corrosive damage



Displacing the D20 would necessitate instal l ing special
piping and o<ju.i jinent-. and would cause costly downgrading.

A long (2-month) shutdown.period is necessary to apply
l.ii!1 mult i-sjtop process. Even longer shutdowns may resul t from
cormKi ve <'Uimari e.

Operators would encounter considerable radiation exposure.
'I'm cost would tif- about $3,000,000 including the cost of the downtime.
This does not include the cost of waste processing and disposal, which
would bo high since; tho volume of radioactive chemical waste from
i i i .i t.m. sit s and i. "ins I.IM IS weiuJd be about 0 x the system volume (about
i mill, i-.ni 1 i t i.-rs for DougJ at; l-'oint).

Corrt.'iiji.m by the chemicals would cause significant thin-
ning of carbon s teel and damage to valves, gaskets and pressure
tube ond closure seals .

The AP-Citrox method is too aggressive to be applied to
whole CAiiDii systems, but may find limited application on isolated

We have developed two aJ t e r n a t i v e decon t amina t i on p r o -
for USK m CANDU r e a c t o r s .

CYCLING DECONTAMINATION

The f i r s t alternative decontamination process which has
•)-".M: developed is called Pedox Cycling. The process functions as
f 1 i; ".•;.-;: the !'•.vif.'v.or is shut down and the coolant chemistry is
• ;..I;I ;. •'} from r •_-> t ;i cr I.IP.J coiidi tionn to oxidizing conditions and then
back to reducing. The chemical changes are made by f i r s t injecting
>>• and later injecting hb-

Cyc.1 inq between reducing and oxidizing conditions loosens
some of the deposits , which then fal l off into the coolant where
they can be removed by f i l t ra t ion . The rapid changes in conditions
probably change the oxide structure in the deposits, rearranging
them and weakening their physical s t ab i l i t y . Once the deposits are
weakened, other steps and cycles can be used to release more deposit
into the coolant. For example, a l te rnate heating and cooling, low
i'l.nw and high flow, and other operational changes can help release
crud.

The heart of the Hedox Cycling process is the chemical
'.-•iiuiige, but i t has to be supplemented by appropriate operating
pro.-nxUires an-J ad'-'uuate water purification in the system being
docont;ami na ted.
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Redox Cycling was effective in decontaminating the Monel-
400 trailers in Douglas Point. Table 6 summarizes the advantages
and disadvantages.

Table 6

EVALUATION OF REDOX

ADVANTAGES

Applicable in D2O
No downgrading
<2d downtime
<1 man-rem
$30,000
Solid wastes only
No corrosion

CYCLING APPLIED TO A 200 MW CANDU-PHW

DISADVANTAGES

Decontaminates Monel only
DF per application only 1.2 to 1.5

In Douglas Point, Redox Cycling has several advantages.
The coolant need not be removed. The process is simple and requires
a short time, less than a weekend, for the station staff to apply.
Practically no personnel radiation exposure results.

The cost of Redox Cycling is about 100 x lower than the
cost of the AP-Citrox process, and $30,000 may even be pessimistic
since it charges the entire shutdown to the decontamination, assuming
no other use of the time.

A big advantage of the process is that all of the wastes
arc solids, collected on filters and IX resin which facilitates
transport and disposal.

Corrosion during Redox Cycling is negligible. The oxygen
which is injected attacks deposits on Monel in preference to metal.
Even if all the oxygen were to corrode carbon steel, so little O2
is used that uniform corrosion would be negligible.

Redox Cycling decontaminates Monel well, but has little
effect on carbon steel or Zircaloy clad fuel. On Monel, the DF per
Redox Cycle is relatively low, only 1.2 to 1.5 per cycle, but the
process can be applied over and over again for a high cumulative DF.

Figure 4 shows how Redox Cycling applied at Douglas Point
reduced radiation fields from Monel boilers. After the reactor
started up the fields climbed rapidly until October 1971 when cycling
was started. Several cycles have been applied and have helped
reduce fields to where they were only six months after the reactor
started up. Redox Cycling and purification have eradicated about
three years of build-up time and have maintained depressed fields
at Douglas Point.



- 83 -

DOUGLAS POINT B O I U R ROOM FIELDS

OVERAGF OF 8 UOIL tR CABINET SIDES MEASURED 24 hr AFTER SHUTDOWN
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FIGURE 4

THE CAN-DECON PROCESS

Redox Cycling decontaminat ion i s s p e c i f i c t o Monel, but
most CANDU systems con ta in o the r m a t e r i a l s not s i g n i f i c a n t l y a f fec ted
by cycling. These other materials also discourage the use of highly
corrosive chemicals such as AP-Citrox which is so useful for stain-
less steel. The CANDU primary circuit is made mostly of carbon
steel. Because carbon steel corrodes faster than stainless steel
i t is easier to decontaminate.

Another decontamination process which we have developed,
called the Can-Decon process, takes advantage of the carbon steel
in CANDU systems. Can-Decon uses organic acids similar to those used
in the AP-Citrox process, but uses them at a much lower, much less
aggressive, concentration.
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To apply the Can-Decon process the reactor is shut down
and the coolant is cooled and purified. The coolant is kept
circulating and a mixture of dilute organic acids is injected
directly into it, so that the coolant becomes the decontaminating
solution. The organic acids are used at a low concentration of
about 0.1%, i.e., about l/100th the concentration used in the AP-
Citrox process. The acids attack the deposits and dissolve part of
them and tha deposits release some particles into the circulating
solution. Once the contaminants are suspended the system can be
decontaminated by purifying the coolant. The station's own
purification system or an auxiliary system can be used.

Filters remove the particles, and cation ion-exchange
resin removes the dissolved metals. The resin also performs an
additional important function: it regenerates the organic anions
consumed in the decontamination process. The spent chemicals con-
taining dissolved metals enter the cation resin and the resin removes
the metals and reacidifies or regenerates the solution. Regenerated
chemicals returning to the system can react over and over again.

To stop the decontamination, filtration is continued, and
the resin is replaced with a mixture of caticn and anion resins which
removes both the acids and the residual dissolved metals.

Table 7 summarizes the advantage" and disadvantages of
Can-Decon used on a CANDU-PHW reactor. The process is applicable
directly in the coolant and no draining or flushing is required.
Very little downgrading of D^O occurs, only about 0.005% per appli-
cation. The process requires only a few days to apply, much shorter
than the two months required for AP-Citrox.

One of the biggest advantages of Can-Deoon over Redox
Cycling is that it removes deposits from Zircaloy-clad fuel. Not
only does this remove a large portion of the activity in a system,
but it helps to decrease the future rate of activity transport, and
thus helps to prevent fields from ever getting very high.

Can-Decon, like Kedox Cycling, concentrates all the
wastes on filters and resins and produces no liquid waste. Also,
the process is safe for use on all CANDU system materials. Carbon
steel corrodes at the tolerable rate of only a few pm per day.
No component damage or leaks occur. Workers changing IX columns
and filters, sampling and surveying, accumulate only a small radiation
dose.

If all of station downtime is charged to the decontam-
ination, the cost of Can-Decon is still less than one tenth that
for AP-Citrox.
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The effectiveness of Can-Decon depends on the extent of
chemical reqoneration. If the system volume is purified or regen-
erated about three or four times, a DF up to four can be obtained
on carbon steel. Laboratory experiments indicate that continuing
the regeneration will increase the DF.

The Can-Decon process has been applied to the Gentilly-1
BLW reactor and also to the NPD-PHW reactor.

At G-l the process removed essentially all the fuel
deposits and lowered fields around most of the system. Fields from
the G-l outlet feeders dropped by a factor of four, saving about
100 man-rem during subsequent maintenance there. At NPD, Can-Decon
and special, experimental filters have been used simultaneously.
It is difficult to separate the effects of each but decontamination
and filtration together have achieved a DF of about three and re-
duced NPD boiler rocm fields to low, pre-1970 values.

Table 7

CAN-DECON IN A 200 MWe CANDU-PHW

ADVANTAGES

Applicable in D2O
Little downgrading
5d downtime
Cleans fuel
Concentrates wastes
$200,000
Negligible corrosion
<5 man-rem

DISADVANTAGES

DF only 2 to 4

CONCLUSION

The developments described will enable operators of nuclear
equipment to meet most of the ^requirements for decontamination.
Special tools are available to help remove deposits from vessels of
simple, flat-surface construction. Periodic application of the fast,
inexpensive Redox Cycling and Can-Decon processes will help prevent
accumulation of radioactive deposits. Extended application of the
Can-Decon process will significantly reduce radiation hazards associ-
ated with special maintenance or inspection. Research at AECL
promises improved decontamination processes through improved under-
standing and selection of chemicals.


