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ABSTRACT

Three methods for the decontamination and decotxoissioning of nuclear faci-
lities are described along with operational experience associated with each
method. Each method described in some way reduces radiation exposure to the
operating personnel involved.

Electrochemical decontamination of process tanks is described using an
in-situ method. Descriptions of two processes, electropolishing and cerium
redox decontamination, are listed. A method of essentially smokeless cutting
of process piping using a plasma-arc cutting torch is described. In one
technique, piping is cut remotely from a distance using a specially modified
torch holder. In another technique, cutting is done with master-slave manipu-
lators inside a hot cell. Finally, a method for remote cutting and scarifica-
tion of contaminated concrete is described. This system, which utilizes high-
pressure water jets, is coupled to a cutting head or rotating scarification
head. The system is suited for cutting contaminated concrete for removal or
removing a thin layer in a controlled manner for decontamination.
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INTRODUCTION

The decommissioning of nuclear facilities at times requires the decon-
tamination of and equipment removal from areas which can have high levels of
radiation or contamination. This paper presents several methods which have
been used at the Oak Ridge National Laboratory (ORNL) for decontamination for
the purpose of reducing radiation levels in equipment thus reducing personnel
exposure during the decommissioning of two hot cell facilities. This work is
sponsored by the U.S. Department of Energy as part of the Surplus Facilities
Management Program under Contract No. DE-AC05-840R21400.

ELECTROCHEMICAL DECONTAMINATION

At ORNL, two methods of electrochemical decontamination have beep, employed
in the decommissioning of the Fission Product Development Laboratory (FPDL).
The FPDL was a full-scale processing facility for separating megacurie quanti-
ties of strontium-90, cesium-137, and cerium-144 for a variety of source appli-
cations and operated at full capacity from 1958 to 1975. Part of the facility
has been designated as surplus, and that part is being decontaminated on a "for
re-use" basis. Both electrochemical decontamination methods used have been
"in-situ" methods, that is, the objects were left in place while being decon-
taminated rather than removing them.

Electropolishing is a method which is well documented as a decontamination
process. (1) It is a process in which the object to be decontaminated is made to
be the anode in an electrolytic cell. The passage of an electric current
results in the dissolution of a thin layer of surface material, and radioactive
contamination which is adhered to or otherwise entrapped in surface imperfec-
tions is removed and released into the electrolyte. At the FPDL, electro-
polishing has been used to decontaminate two 127-gallon tanks located in a
stainless-steel-lined cell. In the original fission product purification
process, these tanks had been used in the crystallization of cesium-137 oxalate.
The tanks were highly contaminated to radiation levels on the order of hundreds
of R per hour, mien the FPDL was shut down in 1975, the tanks were decon-
taminated using the more conventional means of flushing with acidic and basic
solutions. Later, high-pressure spraying and more chemical decontamination had
been used to reduce the tank levels to 8 to 10 R/h at contact with isolated
locations reading up to 100 R/h.

The electropolishing equipment consisted of a 3200-amp dc power supply
coupled with a stainless steel electrode, as shown in Fig. 1. Since all FPDL
process cells have a stainless steel liner to which the tanks and piping are
attached, all tanks and piping are grounded. Thus, only one set of leads was
required. The first tank was filled with 80% phosphoric acid which was heated
to 85"Z. The electrode was inserted and the electric current was applied for
approximately 15 minutes. The resulting data are presented in Table 1.

Th=? current density achieved was below that required for true electro-
poiî r._̂ .i5 but resulted in a net reduction in the tank radiation reading to
3 R/... Because the solution could not reach the tank hot spot, which was
locate In a filter leg on the tank top, the radiation reading of 100 R/hr at
that szcz was not affected. The solution was then pumped to the other identical
tank a~c the process repeated, giving similar results.
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-figure 1. Electropolishing Setup.

Table 1. Electropolishing Data

Tank
No.

C-38
C-48

Area
ft2

55
55

Current
A

1600
1600

Current
Density
A/ft2

29.1
29.1

. i'

Time
m

15
45*

-.-. Radiation
Iiiitial
R/h

10
10

Final
R/h

3
3

Longer time due to not pre-heating solution.

Several problems were encountered in using the electropolishing method.
First, pre-heating the solution proved unnecessary as the power dissipated by
the el^crropolishing current provided adequate heating. Second, the phosphoric
acid solution was too dense to be easily pumped by steam jet, and no suitable
submersible pump could be found. Therefore, solution was transferred by siphon
frctn one tank to another and required makeup with fresh phosphoric acid. Third,
the her. spot on one tank which was located in a filter leg on top was not
affect.a* as the solution could not contact it. This represents the most serious
limirar^an of the method. The radiation was reduced at this point by burning a
hole _r.r-j the housing which1 surrounded the filter leg and washing out the con-
tamiai~.ion with a high-pressure spray.

Anther method which proved successful for reducing the radiation reading
in a tank was cerium redox decontamination.(2,3) This technique involves the use



of a solution of 4-molar nitric acid with 0.1-molar cerous nitrate
[Ce(N0a)3*6H20] present, together with an electric current. In this process,
uhe Ce"™ ion is oxidized by the current to Ce*4* which, in the acidic medium,
attacks stainless steel and is reduced back to the +3 valence state. The eluc-
tric current then re-oxidizes the Ce+? back to the +4 , valence state. This
electrochemical reaction continues as long as the electric current is applied.
A smaller 40-gallon tank located in the same, cell as the two tanks discussed
above was decontaminated using this method. This tank was used as a vacuum
receiver for decanted supernatant from the two crystallizer tanks and had no
agitator. Due to this operating history, much higher radiation levels of
>100>R/h were encountered since the conventional decontamination methods used
before were not as effective.

The equipment and setup used were the same as were used in electropolishing
the other two tanks. Since the tank was totally closed, a hole was drilled in
the top using a holesaw. This provided an opening both for solution addition
and for the electrode. Since the electric current only provided for the chemi-
cal reaction, a much lower current was required. An average current of 59 A was
applied for eight hours resulting in the reduction of the radiation reading from
>100 R/h at 12 in. to 10 R/h at contact.

PLASMA-ARC CUTTING TORCH

Another method for reducing the exposure of personnel during deconanission-
ing operations is the use of a plasma-arc torch for cutting pipe. This tech- .
nique has been extensively used at the former Nuclear Fuel Services, Inc., fuel
reprocessing plant at West Valley, New York.(4) The same technique has now been
demonstrated and used at ORNL and has been proved reliable.

Before tha plasma torch was developed, the standard method of pipe cutting
for contaminated equipment removal at ORNL was sawing either with a sabre saw or
a rotary abrasive saw. Because of the high levels of both contamination and
radiation, either saw had to be used in conjunction with extension poles to
reduce personnel exposure. An abrasive saw produces excessive airborne con-
tamination, and therefore, its use is limited. The sabre saw produces limited
airborne contamination, but it is slow cutting and requires several blade
changes during a single cut which, of course, must be done in a high radiation
field.

Subject to some limitations, the plasma-arc torch has eliminated many of
these exposure problems, instead of fiteen minutes or longer to make a single
cut wiz.i the sabre saw, the plasma-arc torch can make the same cut in five
seconds. The savings in both effort and exposure are obvious. At ORNL, since
crafts ore used to perform the actual equipment removal, the required craft has
been sorted from pipefitter to welder. This has caused some problems in
suprl-'LOi: enough gas-mask-certified welders. The Union work rules have also
rec\.ir*c the use of a pipefitter in addition to a welder, so that two people are
rac£-.^:t- exposure instead of one, but the plasma-arc torch has produced signi-
fidr-r • -cuctions in personnel exposure anyway.

"> equipment used is a standard, off-the-shelf plasma-arc cutting torch
manui-t -red by the Thermal Dynamics Corporation. The PAK-45 torch, illustrated
schemar.—ally in Fig. 2, is used with an argon-hydrogen mixture as the plasma
gas anc ZZ>? as the shield gas. The system can also use other gas mixtures and
can be =̂ ide to operate under water. The present mixture was selected because it



ORNL-DWG84-15506R

SECONDARY (CO2)

PLASMA GAS (Ar/H)

POWER AND
CONTROL UNIT

T
ELECTRIC SUPPLY

30 480 V

D.C. SUPPLY
PLASMA GAS

\ SECONDARY

IONIZED
PLASMA

GAS

PLASMA ARC

WORK PIECE

GROUND



gives the least amount of smoke during operation. The only modification made
was to the torch itself and consisted of equipping it for remote operation.
This was. composed of taping up the start switch and fabricating a bracket to
keep the torch a constant distance (0.25 in.) from the work. A later addition
was that of replacing the 70° torch with a machine torch, thus eliminating the
need for any modification. Both torches were operated from the end of a ten-
foot-Icrag pole.

Figure 2. Schematic of Plasma-Arc Torch.

The main limitation of this technique is preventing vaporization of any
hazardous materials which may be contained inside of the pipe when it is cut.
Because of the high temperature associated with the plasma-arc torch, there is
the potential for volatilization of materials which are contained within the
pipe. Care must be exercised in order to minimize the quantity of material
which could be volatilized. At the FPDL, the cells are top opening, and con-
tainment is provided by maintaining proper airflow direction. Only pipe
reading less than 25 R/h is allowed to be cut with the plasma-arc torch which
has been calculated to be the equivalent of less than one curie of cesium-137.
These controls, together with tested HEPA filters located on the ventilation
discharge from the building and observation of the building particulate monitors
during cutting, have been successful in controlling activity releases.

Table 2 compares four cells which were decommissioned between August 1983
and May 1985. The equipment in the first cell listed was removed using con-
ventional cutting methods. The equipment in the latter three cells utilized
plasma-arc cutting. Direct comparisons between the results of Table 1 are
difficult because of the fact that different materials were processed in each
cell. Cell 1 was a load-in, load-out cell and never had any processing done in
it. Cells 2 and 3 were used for strontium-90 processing, and as mentioned
before. Cell 8 was used for cesium-137 processing. It should be expected that
radi.it:̂ n levels and their resulting exposures would be lower for the beta
rad:U:ioti present in Cells 2 and 3.

-k-wtryer, had the data been taken from like cells, there still would have
bees a significant reduction in personnel exposures by using the plasma-arc
tor..-; rtcause of Lhe reduction in working time. It has been estimated that, had
the ...:->uia-arc torch been used on Cell 8, the total exposure would have been
apprc; .rarely 6 rem.

application of the plasma-arc torch to the removal of equipment
from a call was using the torch remotely in a manipulator cell. The equipment
in a stainless-steel-lined manipulator cell was removed in this manner. A
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Table 2. Comparison of Cells Decommissioned with Mechanical
Cutting and Plasma-Arc Cutting

Cell
No.

8
1
2
3

Radiation
level
R/h*

1-2
1-2
3-4

. 6-7

Manhours

215
55
180
170

Method

saw
torch
torch
torch

Personnel
Exposure
man-rem

15.05
0.92
1.25
1.68

At top of cell after decontamination, unshielded,
indicate hot spots up to 100 R/h.

Does not

smaller version of the PAK-45 called the PAK-10 was procured, and using the same
cutting conditions and restrictions, the in-cell equipment was removed without
entering the cell. The only modifications required are illustrated in Fig. 3.
These were to the torch itself and consisted of manipulator grips and a vertical
plat's to keep the optimum cutting distance from the work. The cell false floor
and all in-cell piping were cut out and sectioned into pieces of a maximum size
of six inches square. These pieces were then decontaminated by acid soaking to
a level requiring only contact handling. All of this was done without signifi-
cant personnel exposure, except that received during waste loadout.

Figure 3. Modifications to PAK-10 Torch for Manipulator Cell Use.

HIGH-PRESSURE WATER JET SCARIFICATION AND CUTTING SYSTEM

In certain facilities, where contamination controls were either not avail-
able or not closely adhered to, contaminated concrete has become a problem. A
widespread need throughout the nuclear industry is that of a proven method for
concrete decontamination. A method which has shown promise both at the DOE
Hanfcrd reservation and at ORNL has been scarification of the concrete with
high-treasure water. This technology has been developed for the mining and con-
strucc^s industries. The method of moving a larce containing two jets of water
presiWir-;ed to 35,000 psi in a controlled manner over a surface thus scarifying
it u^l-^as existing equipment which has been specially modified for decontamina-
tion ;;•. -cses. The system can also be operated as a concrete cutting tool by
using lifferent lance. At ORNL, the system has been used only for cutting
uncon.-~~~aa.ted concrete.

The primary equipment for this work is supplied by Flow Industries, Inc.,
of Kent, Washington. The high-pressure water jet scarification system now in
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Figure 4» Schematic .of High-Pressure Water Jet System.
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use at ORNL is shown schematically in Fig. 4. The main power unit consists of a
hydraulic oil pump which drives a special high-pressure pump called an intensi-
fier. The ORNL system is driven by a 75-HP electric motor. Inlet water is
supplied to a conventional pump and is pressurized to 80 psi. The water is then
fed to the intensifier which pressurizes it to up to 35,000 psi. This is con-
trolled by regulating the hydraulic oil pressure from 0 to 3000 psi by means of
a manual control valve. The pressurized water is fed through an accumulator to .
the scarification lance and scarifies the concrete on which it impinges. Sur-
rounding, the scarification lance is a shroud which collects the spent water and
the concrete particles which are removed. This stream flows into a waste
collection system as illustrated in Fig. 5.

Figure 5. Waste Collection System.

The effluent first flows through settling drums where the entraining air
and large concrete particles are separated. The water and concrete fines flow
through a filter before being discharged as low-level liquid waste. The air
flows through a demister drum before being HEPA filtered and discharged. The
filter system has not been field tested.

A method for moving the scsrification lance and shroud over a surface in a
controlled and predictable manner is a necessary feature for using the system
for decontamination. A system has been conceptualized to perform this task and
is illustrated in Fig. 6.

The system is fabricated out of commercially available automatic welding
equipment and consists of three sections of track to which are attached three
tractors. The scarification lance is attached to the center tractor as shown.

The operation of the cutting lance is essentially the same as the scarifi-
cation .lance, except there is no waste collection system and the addition of
abrasive co the high-pressure water is required. The recommended abrasive is

out at ORNL, sand has proven to be a satisfactory substitute that is
less expensive.

Ac 3RNL, the only field use of the high-pressure water jet system has been
that or cutting noncontaminated concrete. A project to cut a new viewing
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Figure 6. Wall Tracking System.

window in a hot cell facility was undertaken and completed; this involved
making a blind cut through a 24-inch-thick concrete wall. This is a greater
thickness than :he system will cut OR one pass, so multiple passes were
required in making the guts.. . There was a significant problem in cutting the
last six-inch thickness of wall due to the fact that the water jet would not
focus and tended to wander out of its intended path. This was solved in the
following manner. First, a wedge was cut out toward the inside of the work.
Then, the cutting lance was positioned inside the plane of the wall. Instead
of using the standard length of focusing nozzle (4 in.), a 12-in. nozzle was
procured and used. These techniques produced satisfactory results. Another
problem encountered was that of the tracking mechanism clogging up with grit
from overspray. The tcacking equipment used was similar to that described
above for the scarification system but had only one-dimensional travel. This
problem was never solved in a satisfactory manner. Periodic cleaning of the
track and tractor proved an acceptable but less than optimum fix.

A development program is planned for testing the scarification, waste
handling, and tracking concepts on uncontaminated concrete. After optimizing
the system operation, further development of decontamination techniques on con-
taciaarad concrete will be undertaken prior to initiating cell decontamination
opera^icas in the Metal Recovery Facility.
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