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Abstract

The Eli River Reactor facility is being dismantled in order to

return the s i te to unrestricted use. The highly radioactive components -

the reactor internals, the pressure vessel, and the outer thermal

shield - have been cut up and shipped to a burial ground. Approximately

10,000 Ci of radioactive metal was removed without significant release

of activity and without any overexposure to personnel. The dismantling

was accomplished with a remotely operated plasma torch system. The design

of the system, the results obtained, and evaluation of this technology

are given.

Introduction

The Elk River Reactor (ERR), a 58-MW(t) boiling water, indirect-

cycle reactor, was built and owned by the U.. S. Atomic Energy Commission

(AEC) under the Power Reactor Demonstration Program. It was operated

by the United Power Association (UPA),"'" owner of the land on which the

reactor was buil t . After a period of over three years of power demon-

stration, the reactor was shut down, and since UPA did not exercise

*Work sponsored by the U. S. Atomic Energy Commission under contract
with the Union Carbide Corporation.

**0ak Ridge National Laboratory, P. 0. Box X, Oak Ridge, Tennessee.
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its option to purchase the reactor, the AEC was contractually obligated

to dismantle the plant.

The AEC hired UPA as prime contractor for the dismantling operation

and retained Gulf-United Nuclear Fuels Corporation (GUNFC*) as consulting

engineer. The Oak Ridge National Laboratory was retained under subcon-

tract to UPA to provide "tools and techniques" to be used by UPA operat-

ing crews for removing the most radioactive parts of the reactor.

A Dismantling Plan and an Environmental Impact Statement were

published, and GUNFC prepared and issued a series of eleven Activity

Specifications. These were preliminary planning documents for conducting

the dismantling, with each Specification covering a specific phase of

the program. In June 1972 the dismantling operations began by UPA with

advisory assistance from ORNL. Ten months later they had cut up al l the

pressure vessel internals and the pressure vessel i tself into shippable

pieces and delivered them to the burial ground. At this writing, cutting

of the outer thermal shield is in progress, so that i t can be removed

from the s i te . With the removal of that component approximately 99J& of

the radioactivity will have been disposed of. Finally, with the subsequent

removal of the irradiated concrete of the biological shield, the site

will be free of radioactivity and available for unrestricted use. *

The removal of the ERR is but an early example of the overall prob-

lem of decommissioning power reactors that the nuclear industry will even-

tually face. The problem is not t r iv ia l , as i t involves millions of

collars for each reactor, and i t affects the public safety and the u t i l i -

zation of land for hundreds of years into the future.
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In the problem of decommissioning a reactor at the end of its life-

tine, there exists a spectrum of choices. At one end of the spectrum is

complete dismantling, i.e., removal of »n radioactivity from the exist-

ing site to an established burial ground, essentially a radioactive

repository. This approach was taken at the ERR.

At the other end of the spectrum of options is the in-place contain-

ment of the material with perpetual care and surveillance. In between

these two options is in-place entombment or encasement, the purpose of

which is to maximize the stability or immobility of the radioactive

materials and this minimize the perpetu&l care and surveillance that is

required. This approach was taken at the Bonus, Hallam, and Piq.ua

reactors. It would be convenient to select the one "best" choice from

these options, but unfortunately, the decision is not that simple.

The management of each reactor must base the decision on cost, local

regulations, available technology, public safety, etc.

This paper was prepared primarily to describe the tools and tech-

nology used to dismantle the ERR, with the hope that our experience will

be useful to others who will face the problem in the future.

Overall Accomplishments in the Dismantling of the ERR

During the dismantling, a muaber of diverse radioactive material

handling operations were performed by UFA crews using tools designed

and developed at ORNL. A number of components were disassembled, trans*

ferred and cut up into shippable pieces with mechanical tools. The

planning of these operations, the tools used, the equipment and arrange-

ments made to ship the pieces, end the control of radioactivity and con-

tamination have been described in the project's progress reports and

elsewhere. j A unique experience was associated with the handling



and removal of three components of the reactor structure (the inner

thermal shield, the pressure vessel, and the outer thermal shield).

These three components were too large and too radioactive to be shipped

vithout being cut up into shippable pieces. It was determined that

mechanical methods were not feasible and therefore it was necessary to

design and develop a th*i?n»l catting system to accomplish the task of

cutting up these components. Two components were cut with a remotely

operated plasma torch mounted on a manipulator.

The inner thermal shield, an 8l-in.-diam, 12-ft tall, 1-in.-thick,

cylindrical shell of stainless steel, read 1300 S/hr on contact.

Because of the high radiation level, it had to be cut under water* The

pressure vessel, Figure 1, vas an oVin.-diam. 20-ft-tall, 3-in.-thick

carbon steel shell that read 100 R/hr on contact. The cutting vas done

in air but because of the radiation, a water level was maintained as high

as possible within the vessel.

The third component, the outer thermal shield, vas a cylindrical

shell surrounding the pressure vessel. Its structure consisted of an

inner 3/*»~in. carbon steel plate, 3 in. of poured lead and finally an

outer 3/fc-in.-carbon steel plate. Cooling tubes were eaplaced In the

lead. Because the plasaa torch vaporized excessive quantities of lead,

a remotely operated ojyacetylene torch vas mounted on the same manipula-

tor used for the other two components, and cuts were made with the oay-

acetylene torch.

In summary» it was possible to cut thick sections of steel under

water and in air with a thermal process (plasma are) vithout an objection-

able release of radioactivity and vith no spread of contamination,
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either to the environment or within the areas where the dismantling

crews were working. In spite of the fact thar, the components were

quite radioactive, personnel exposure was held within acceptable levels
4

and was confined to a small crew (less than 15 men). Contact levels

ranged from 8000 R/hr for the core support plate to IOC R/hr for the

reactor vessel segments. To a large measure the above results can be

attributed to the philosophy of remote handling and shielded protection

that was used in the design of the tools and in the generation of

procedures.

Remote Plasma Torch System

The basic tool that was developed at ORNL for this project is a remotely

operated plasma cutting torch system. The torch itself is a comtercialiy

available tool used in the metalworking industry in place of oxyacetylene

equipment. It has the ability to cut stainless steel, which oxyacetylene

cannot; furthermore, its ability to cut stainless steel under water with

the plasma process had been demonstrated at several nuclear instal-

The design problem required a system that could operate a plasma

torch over the desired range of travel, remotely and automatically, under

water and in air, with precise positioning ability. In addition, the

system had to be fairly rigid, maintainable, and dependable. The equip-

ment came to be known as the plasma torch manipulator and was referred

to on the Job as the PTM. It is truJy a system of interrelated parts.

Perhaps the best method of describing it is in terns of four subsystems,

that is, the plasma torch system, the control system, the manipulator,

and miscellaneous equipment.
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The Plasma Torch System

Tliis system includes the torch, the power supply, a high-frequency

generator system, and the interconnecting cables. For industrial use a

commercial control panel i s available to complete the system. However,

for the remote application there were functions that could not be

accomplished by the standard control panel; hence a special control

system had to be designed and constructed. This equipment i s available

from several companies, including Thermal Dynamics, Miller, and Linde.

Due to lack of time to evaluate the different products, we decided to use

the Linde PT-7A torch based upon i t s higher power handling capacity.

This torch i s raced at 1000 A, but in the program i t was used for hole

piercing at 9^0 A, 180 working volts (170 few).

Three Linde power supplies, operated at 200 open circuit v o l t s , were

connected in paral lel to provide sufficient power. This choice was made

after trying brief ly the three different open circuit voltages offered

by the machine. However, there may be advantages for each of these that

could be determined in a careful test ing program. The only modification

t o the power supply was a relay edded to protect against low cooling

water flow.

A high-frequency generator provided power to in i t ia te the arc.

Several modifications were made for control purposes and to l imit the

starting current to make the unit as rugged and dependable at possible.

The high-frequency generator transforms a 110-V, 50-A ac supply to a

high-voltage, high-frequency current that travels down the torch in the

primary lead* junps a gap from the electrode to the torch body, and i s

returned via an insulated wire that i s similar to a spark plug v i re . The

gap that must be Jumped i s between the end of the electrode and the
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entrance region of the nozzle. The gases in this region become ionized

and as they move into the narrow passage of the nozzle, they become a

dense column low enough in resistance to conduct the 200-V dc to the work.
*

The torch must be connected to a primary electrical lead, a supply

of cutting gas (nitrogen), cooling water in and out, and a return line

for the arc starting signal. In addition, the torch is supplied with an

auxiliary cutting gas line (for either COg or 0-) but this feature was

not used in the present application. Thus the commercial torch consists

of the torch body, plus 6-ft-long hose leads connected into the body

and terminating with proper fittings, Special 39-ft-long hoses were

fabricated to bring these services to the remotely operated torch. These

lines required careful attention in the design process in the selection

of fitt ings, prevention of electrical short-circuiting, strain relief,

and in the draping of the total bundle on the manipulator and the manner

in which i t followed various motions of the torch without, getting in the

way. The entire bundle was sheathed in a waterproof lygon tube. The

exclusion of water and the esfcra electrical insulation were felt to be

necessary to prevent loss of the high-voltage arc starting current.

In addition tsi the leads routed to the torch, two air lines were

included to operate an air cylinder that moved the torch radially. The

air vas supplied and controlled from the control panel. For the cutting

in air and removal of the reactor vessel, the radial drive was operated

by an electric motor driving a feed screw. The pair of air lines vas

replaced by a small bundle of electric vires.
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The Control System

Ordinariy, a commercial plasma torch system can be purchased with

a simple control system. However, for this remote application, the

requirements were somewhat more sophisticated, and therefore a special

control panel was designed and built. This control panel had to inter-

face and coordinate the ordinary functions of two systems - the plasma

torch and the manipulator - and also provide control features that were

unique to the remote/automatic operation. Controls at the panel pro-

vided the means to (l) set the gas flows, (2) purge the cooling water

out of the torch head, (3) keep the torch dry when under water,

(U) operate the arm in the radial direction, (5) position the torch

within the reactor, (6) monitor and record cutting voltages and amperages,

(7) vary travel speed, (8) perform functional tests on various process

parameters, and (9) safeguard the equipment in various modes from out-

of-tolerance parameters. Finally, the control system provided automatic

sequencing of the cutting operation. The control panel is shown in

Figure 2, and the automatic sequence of the cutting cycle is shown in

Figure 3.

The automatic sequencing proceeds essentially as follows: With

the torch under water, a flow of air is required to keep the electrode

and nozzle dry. Pressing the "cycle start" button starts a preflow

timer and turns on the tcrch cooling water and the start gas. When the

timed interval is over, the high-freqiw^sy starting current comes on.

Once the arc is established, several things happen: The main cutting

current comes on, the gas flow is switched from the start to the cutting

regime, and a timer starts into one of several preselected travel delay

modes. At the end of the travel delay timed interval, travel is
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started at a low enough speed to insure complete severing at both the

beginning and the ending of the cut. At a previously selected position,

usually after 2 in. of travel from the start position, the travel speed

increases to the rate for efficient cutting.

At another previously selected position, the cutting speed is auto-

matically reduced to the lower speed used at the start and travel is

continued to the end of the cut. The postflow mode is established if

an edge is passed and the arc is disrupted, or if the plate continues and

the operator must press the stop button to stop travel. This mode switches

gases to the start gas regime and also continues cooling water to the

torch. At the end of the postflow interval the start gas and torch cool-

ing water stop, and the air to keep the torch dry comes on.

There are two noteworthy electronic features. A highly accurate

speed control of the motor drives for the horizontal (rotation of the

mast) and vertical motion was provided by a tachometer generator feed-

back to a special speed control circuit provided by the manufacturer of

the SCR motor drive. Also provided was a system of position readout and

control. Rotary potentiometers were mounted in both drive trains and

their signals fed to digital display readouts and to logic circuits

that allowed the operator to select coordinates for varying the travel

speed of the motors. Throughout the testing and operation of the equip-

ment, this feature was found to be important and useful. In operation

the geometry of the reactor was redrawn in the digital readout coordin-

ate system, thus relating the reactor geometry and the manipulator dimen-

sions. Thus the torch could be positioned remotely, without relying on

visual or other aids. This system was dependable, consistent, accurate,
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rugged, and wholly unaffected "by electrical noise from either the high-

frequency ac or the dc used in the cutting process.

The Manipulator 4

The manipulator used to position and propel the torch over the area

where the cuts were located is shown in Figure h, positioned in the

reactor cavity. Factors affecting the design were the requirement for

rigid torch positions; the range of travel required (20 ft vertically,

360° in rotation and up to 6 ft radially); and the ability to operate

remotely and under water. The requirement for rigidity arose from the

extreme turbulence caused by the gases emerging from the cutting process.

Without a rigid support the torch would have been subjected to movements

that would have affected and even prevented the cutting operation. The

requirement for rust-free underwater operation resulted in either using

stainless steel or nickel plating all the "wet" components.

It may be of interest at this point to explain the decision to

rustproof the mast in order to illustrate a subtle but important design

philosophy. At the beginning of the effort, it was not known how long

the manipulator would remain tinder water, and therefore the decision to

spend the time and money to rustproof the components was open to ques-

tion. However , this particular decision "paid off" because the

manipulator spent weeks immersed in the reactor or the storage well.

Many similar, conservative decisions were made in the design and develop-

ment of the equipment. It is felt from experience that this attention

to detail is necessary in a project such as. this, where the operation

has not been done before, where design conditions are not precise, and

where the consequences of misoperation are costly. Examples of these
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were: the spare parts/maintenance program, waterproofing of "wet"

bearings, rigidity of th« components, provision of dust and slag seals,

assembly and operating instructions, and crew training.
f

She assembled manipulator was approximately 30 ft t a l l and weighed

almost fcOOO lb. It had to be assembled in the vertical position in &

special storage stand and in a very definite sequence. It was then

carefully moved by crane and put into position in the reactor cavity.

She bundle of hoses and electrical cables from the control panel were

then made up at the top of the manipulator. By using fittings and

electrical connectors, the time required for this was only a matter of

minutes. Most of the time i t was necessary to check conditions of center

l ine, azimuth and elevation locations, and plumbness before beginning

the piercing, slotting, or cutting operations. Through the course of

the dismantling program the manipulator was moved and set back up

several times without incident. Thus the design of the manipulator

included matters that were peripheral to the cutting operation.

The manipulator can be described in terms of i t s structure. The

torch was mounted on an arm that provided the radial motion, and the arm

was attached to a carriage that moved up and down the 20-ft-long travel

distance on a mast. Close to i t s upper end,the mast was attached to

the upper race of a thrust bearing that supported the rotating assembly.

A spur gear was used to rotate the mast. The bearing and the gear were

housed in a unit called the azimuth drive. The vertical drive was

attached to the extreme upper end of the mast. A pedestal was pro-

vided to form a base for the entire assembly for underwater cutting.

This was replaced during the in-air cutting by a base plate. The lower
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end of the mast was guided by a pivot post vhich acted as a lower

radial bearing. The pivot post vas installed with long-handled tools

in the central penetration in the reactor vessel,
t

The Arm

The torch vas supported in a Mounting block orthogonal to the vail

of tbe vessel. This vas moved radially to accommodate various desired

radial positions. As shown in Figure 5, the torch vas positioned and

followed the contour of the vessel by pushing a tracking, castered wheel

assembly against the work. The pressure and return motion vere provided

by a double-acting pneumatic cylinder guided by a pair of parallel shafts

fitted with linear bearings. The structure of the arm was a veldment

of plate and structural angle and vas bolted to the carriage.

The Carriage

Moving up and down the mast was a bushing-like veldnent called the

carriage. It was pulled upward by a roller chain and it descended by

its own weight combined with the weight of the arm. It vas guided on

the mast; by a keyway and two sets of rollers, each set containing two

stationary rollers and one spring-loaded roller. To prevent damage in

the case of failure of the vertical drive chain, a latch vas installed

to lock the carriage onto the mast. Brackets for supporting the cable

bundle vere attached to the. carriage to provide support, guidance, and

strain relief. During the testing program it vas found that quantities

of slag from the cut vere getting into the path of the rollers and

hindering vertical travel. A felt viper vas added to prevent this.
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The Mast

A 8-l/2-in.-0D, 3/^in.^wall, 27^ffc-long tube was used for the

oast. Two pieces had to be butt welded to produce the length required.
t

For the distance of the travel a 3/li-in..-square key was attached that

indexed and drove the carriage and arm in rotation. Care was taken

throughout the handling and machining of this part to achieve straight-

ness, as this affected the accuracy of the cuts. The upper end of the

tube was assembled to the vertical and horizontal drive mechanises, while

the lower end contained a radial bearing assembly.

The Azimuth Drive

This assembly contained the mechanical parts for the thrust bearing

and the drive that rotated the mast. The lower race of the thrust bear-

ing, the drive motor, and the gear box were mounted in the stationary

member, while the mast, the upper race, and the pinion gear rotated.

Everything attached to the mast therefore rotated. The chief benefit

from this arrangement was the simplicity of passing the cable bundle

through the rotating member and routing it down the long mast to the

torch. The thrust bearing was fabricated rather than purchased because

of size considerations. Two separate gear boxes were used for the two

different phases of cutting because of the variation in travel speed.

The Vertical Drive

Mounted at the top of the mast was a weldment that supported a

drive motor, gear box, and a roller chain sprocket. One end of the

chain driven by this arrangement was attached to a counterweight

located inside the mast, and the other end was attached to the carriage.

With this arrangement the motor drive did not have to raise the entire

weight of the arm and the carriage. The counterweight used was a
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compromise value since there were arms of tvo different weights end

there was in and out of water operation. Both vertical and horizontal

drives were fitted with slip clutches, brakes, travel limit switches,

tachometer generators, and potentiometers for location readout which

also served various control and protection functions. The high-frequency

generator was mounted on top of the rotating oast in order to minimise

the losses of the high-frequency current.

Miscellaneous Equipment

It was necessary to provide means for supporting the segments of

the inner thermal shield and the reactor vessel both during and after the

cutting process and for transferring the cut pieces into shipping con-

tainers. A set of long-handled tools were engaged remotely with the seg-

ments. The inner thermal shield had pierced holes, while the reactor

vessel had slots, cut by the plasma torch. The tools were supported by

brackets acd required virtually no attention during the cutting process.

The transfer operations were then completed using the overhead crane and

these tools. Separate sets of tools were used for the inner thermal

shield and the reactor vessel.

Platforms were designed and built for supporting the manipulator

in the two phases of cutting. Provisions were made for the auxiliary

operations that accompanied the cutting, such as engaging the transfer

tools, torch maintenance, manipulator calibrations, and miscellaneous

handling operations. All of the cutting involved the generation of

large quantities of gases, smoke, and particles. It was recognized

that this airborne matter could be highly radioactive, perhaps toxic,

and generally objectionable so all the cutting was done within a con-

tained volume. Had these emissions not been controlled, there could
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have been no progress, The biological shield formed the sides and

bottom of the envelope, and a removable access roof was put across the

top of the reactor cavity. All extraneous leakage paths were sealed,
i

and an exhaust and filtering system was attached to clean the atmosphere

before alloying it to either leave the building or re circulate in areas

of personnel access. Filters were changed regularly, and this system

proved quite adequate and satisfactory.

the Development Program

In order to resolve as many uncertainties as possible, it was neces-

sary to undertake a development program. Some of the objectives were

as follows. Define the process variables for all of the different

geometries that had to be cut. These variables included power input,

speeds, gas flows and composition, type of nozzle, etc. Demonstrate

these parameters in simulated reactor conditions as far as possible.

Generate operating procedures that tie in the manipulators torch,

control system and the reactor environment. Test the assembled equipment

and vncover any equipment problems. Use the mockup facilities to train

the operating crews.

The testing and development program took place in four separate

phases generally associated with the reactor component that had to be cut.

1. The inner thermal shield-preliminary tests. Underwater tests

were conducted in a small plexiglass tank at a depth of 18 in. using the

plasma torch mounted and driven by comaercially available components.

Fourteen inch long cuts were made in 1-in.-thick stainless plate.

Parameters for cutting and piercing 1-in.-plate and the stepped geometry

around the nozzle openings, were developed and defined along with the
*

allowable variation from nominal values. Some cutting parameters &re
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given below for cutting 1-in. plate under water:

Open circuit voltege, volts 200

Working current, amps 710
t

Nozzle, inside diameter, in. 1/k

Travel speed, in. per min. 50

Start and finish speed, in. per min, 20

lfitrpgen gas flowa scft 510.

2. The inner thermal shield-full scale tests . When the manipula-

tor and control system vere available, they were tested in a full scale

mockup. This was an existing tank that was modified to support the

manipulator and test pieces in the proper geometry. Cutting took place

at a depth of 12 ft . A number of problems were uncovered and worked on

in this facility. For instance, the final cutting sequence was evolved

after observing the test cuts in this mockup.

3. The reactor vessel. Because of the tight schedule, the manipu-

lator and the control system were in use at the ERR at the time of the

testing for the reactor vessel. Accordingly, i t was necessary to pro-

vide a special facility for this . Because the in-air civ^ing generated

noise, smoke and sparks, i t was necessary to do this testing outdoors.

The cross section to be cut consisted of a 1/8-in. layer of stainless

steel overlay on a 3-in. thick carbon steel plate, with a 3-in. layer

of stainless steel wool (thermal insulation) on the outside. For test-

ing purposes this cross section was made up in plates as large as l8-in.-

by 36-in. The torch was positioned and driven by two track mounted

motors, producing two-dimensional motion in the vertical plane. Methods

and cutting parameters were developed for cutting this geometry and for
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making slots to be used in lifting the cut pieces with hooks. The

parameters for this cut were similar to the under water cuts except

for the travel speed which was reduced to 6-in.-per min. It was found
f

that the smoke and fumes generated during cutting were greatly reduced

by using a water injection nozzle (available from the Linde Corporation).

With this method 0.8 gpm are injected into the throat of the nozzle,

h. The outer thermal shield. Using the same facility as was used

for the reactor vessel, mockups were made of the outer thermal shield

geometry and i t was determined that the plasma-arc.process generated

unacceptably large quantities of lead fumes. The oxyacetylene process

was tried and found to be suitable. The manipulator and i ts positioning

and motion controls were adapted and a simplified control system for

the cutting process was developed. Cutting parameters and details were

worked out and verified in this facility. This equipment and i ts

development deserves more detailed description than can be given here.

It should be noted however that the oxyacetylene process was also used

in a remote application.

Evaluation of the Plasma Torch as a Dismantling Tool

The experience at Elk River was positive and demonstrated the

efficiency of this type of tool for dismantling a reactor. However, to

evaluate the remote plasma system as technology for future applications,

one must examine the situation in which i t will perform. Table 1 shows

a comparison between the ERR and a current 800-MW(e) reactor. As far

as dismantling is concerned, the pertinent factors are component size,

cross-section thickness, and radioactivity, al l of which affect feasi-

bi l i ty , safety and cost. The observations that follow are based on the

recent experience of the ORNL design/development effort.
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Table 1

Comparison of ERR and a Current Reactor

Power Level [MW(t)]

Service Life, years

Radioactivity, Ci

Vessel Diameter, ft

Vessel Height, ft

Vessel Thickness, in.

Thickness of Inner Thermal Shield, in.

ERR

58

3

105

7

30

3

1

Current Type

2^0*

30

500 x 105 Est.

Ik

kk

8

2-3/U

•Corresponds to 800 MW(e).
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Required Development Program

It is felt that almost each different reactor would require a program

of special design and development. The remote plasma cutting equipment

is not commercial2y supplied in a form that could be either specified

or fabricated and put to work in a radioactive situation without test and

verification of its performance.

Effect of Increased Radiation

The existing type of system would be effective in situations with

radioactivity increased by a factor of 10. Above that there would have

to be some changes in shielding and procedure. For an increase in radia-

tion of the magnitude expected in an 800 MW(e) reactor, that is, a

factor of U20 above that in the ERR, it would be necessary to redesign

the equipment to operate more remotely. Since the central cutting

process is already 100$ remote, this step would involve adapting such

operations, as inspection of the cuts, torch maintenance, and insertion

of handling devices for remote control. Remote viewing via a television

system, would also be a necessity. These changes do not constitute a

basic change in the character of the system.

Increased Size of Components

Each increase in thickness of material to be cut would require the

development of the proper cutting parameters. However, for cutting through

3-in. thick material under water and 8-in.-thick material in air, the

required development program would be minimal.

Radiation Safety

At Elk River the dismantling crew worked generally in fields less than

10 mR/hr. These were short duration duties where the dose rate was as much

as 500 mR/hr. As a result members of the crew received less than the
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"limit of 3 REM per quarter. Releases of liquid wastes and airborne

contamination were 25% and 10$ respectively, of limits allowed in 10 CFR 50.

Therefore, i t can be said that radiation exposure and contamination con-

t ro l were quite effective and that an increase of even 500* times the radio-

activity could be handled with similar techniques.

Costs

All of the above mentioned items would increase costs, but it is not

within the scope of this paper to either justify or quantify future costs.

However, the following may be of interest. The presently estimated overall

cost of removing the ERR is $5.5 million, lk% of which, $0.8 million, is for

the "tools and techniques" (the ORNL subcontract). There are substantial

costs for the dismantling operation that are directly proportional to size,

weight, and amount of radioactivity. For a larger reactor these costs

would probably dominate the total, so that acquiring the tools and techniques

would not be a large part of the overall dismantling cost.

Summary and Conclusions

The work done at the ERR demonstrates the complete dismantling of a

small reactor that had been operated for a short time. Ten thousand curies

of radioactivity was removed and buried, and the land will eventually be

returned tc unrestricted use. There were no significant releases of

radioactivity or excess radiation exposure to personnel. The work of

cutting up the most radioactive parts of the reactor - the inner thermal

shield and the pressure vessel - was done by a remotely operated plasma

torch manipulator, which proved to be highly functional and dependable.

One inch thick stainless steel was cut and pierced under water and 3-in.-

thick carbon steel was cut in air. The same manipulator was used to

maneuver an oxyacetylene torch in cutting up the outer thermal shield.
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The remote plasma torch system, desigaed and developed toy the USAEC,

has thus provided the nuclear industry an alternative that has possible

applications in the field of decommissioning nuclear reactors and other

radioactive facilities.
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FIGURE 1. THE ELK RIVER REACTOR VESSEL

FIGURE 2. PLASMA TORCH MANIPULATOR CONTROL PANEL

FIGURE 3. AUTOMATIC CUTTING CYCLE

FIGURE k. THE MANIPULATOR INSTALLED IN THE ELK RIVER REACTOR CAVITY

FIGURE 5. PLASMA TORCH AND WHEEL STANDOFF


