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I. INTRODUCTION

Equipment racks have been used to support process equipment in radio-

active facilities for many years. Improvements in the design of these

racks have evolved relatively slowly primarily as a result of limitations

in the capabilities of maintenance equipment; that is, tasks could only be

approached from above using bridge cranes with viewing primarily through

periscopes. In recent years, however, technological advances have been

made by the Consolidated Fuel Reprocessing Program (CFRP) at Oak Ridge

National Laboratory (ORNL) in bridge-mounted servananipulators with on-

board auxiliary hoists and television viewing systems. These advances

permit full cell coverage by the manipulator aims which, in turn, allow

maintenance tasks to be approached horizontally as well as from above.

Maintainable equipment items can be stacked vertically on a rack because

total overhead access is less important and maintenance tasks that would

not have been attempted in the past can now be performed.
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These advances permit greater flexibility in the design and cell

layout of the racks and lead to concepts that could significantly increase

the availability of a facility. The evolution of rack design and a

description of the alternative concepts based on present maintenance

systems capabilities are presented in this paper.

II. EVOLUTION OF RACK DESIGNS

1. Equipment Racks - 1940s and 1950s

The use of structures called equipment racks to support process

equipment in nuclear facilities was incorporated into the design of the

first plants built in the United States to recover plutonium from irradiated

uranium. One of the reasons the rack concept was incorporated was to

facilitate remote replacement of equipment due to the radioactive nature of

the operations. Equipment maintenance or replacement was to be accomplished

from overhead utilizing a bridge crane for lifting and transporting and

impact wrenches for bolt turning.

The Bismuth Phosphate Process Plant was one of the facilities

constructed during the early 1940s. This plant consisted of a series of

heavily shielded identical cells. Each cell was equipped with identical

support and location pads for equipment or equipment racks and an array of

pipe connections near the top of each cell configured for remote connectors.

These cells were being constructed while process equipment was still being

designed. Fitting various equipment into the same framework resulted in

less than optimum space utilization but accelerated the completion of the

plant. Following equipment fabrication, a mock-up of a cell with the



locacional support pads and pipe connections was used to check all prefab-

ricated assemblies, whether racks of equipment, individual tanks, or piping

jumpers. This procedure assured that when the equipment was installed in

the building, no field adjustment would be expected or required. The

elimination of any field adjustment is a primary tenet of the equipment

rack system in a remotely maintained plant.
o

The next major plants to be constructed were the Hanford Purex Plant
3

and the Savannah River Plant (SRP). Both of these plants incorporated

equipment arrangement concepts comparable to the Bismuth Phosphate Plant

but were markedly different in the approach to the accurate location grid

for the equipment. The Purex plant provided location pads and piping

connectors embedded in the concrete and designed for the process equipment

to be placed in the particular section of the canyon. The Savannah River

Plant was constructed with a flat floor, an equipment trunnion locator, and

an array of piping connectors repeated every 15 ft. Equipment was then

designed to be accommodated by this pattern. This latter approach is

similar to the Bismuth Phosphate Plant arrangement but incorporated

improvements derived from the original plants. Both of these newer plants

also incorporated the long-canyon concept with maintenance to be performed

from above using a shielded cab on a bridge crane equipped with appropriate

hoists and impact wrenches. Viewing of the operations was via a periscope

from the shielded cab.

The significant difference between the Hanford Purex and Savannah

River plants can best be illustrated by comparing the shop mock-up

facilities. The Hanford plant mock-up consists of a large section of

simulated wall and floor that is adjusted to duplicate the specific area of



the cell or equipment to be worked on as shown by the as-built drawings.

The SRP mock-up is an accurate duplication of a 43-ft long segment of the

cells and includes three equipment stations 15 ft apart, a complete array

of the embedded piping, and the adjacent pipe way. The mock-up areas of

both plants are equipped with hoists and maintenance tools identical to

those in the canyons to permit checking for operability of all the remote

operations. The certified equipment is then transported to the process

building for installation. The Hanford mock-up serves a cell 1000 ft long

while the SRP mock-up serves four cells, each 600 ft long.

The versatility of the rack system can best be illustrated by two

instances at the Hanford plant when major process improvements wsre developed

a number of years after the start of operations. Large racks containing

new and different equipment were fabricated and tested in the mock-up shop.

One of these is shown in Fig. 1 as it is being lifted fran a truck. Many

features of these 40-ft tall, multiton racks had to be adapted to fit into

the existing canyon configuration. The attention to detail, both during

initial construction and at this later date, ensured that these racks could

be remotely installed many years after initial startup.

2. Equipment Racks - 1960s

Of the three commercial ventures in the United States involving

remotely maintained plants for fuel reprocessing; Nuclear Fuel Services

(NFS), Midwest Fuel Recovery Plant (MFRP), and Allied General Nuclear

Services (AGN5), only MFRP adapted what can be classified as a form of

equipment rack system, although all three utilized various concepts and

components from the facilities previously described. NFS and AGNS limited
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the remotely maintained areas to the head-end or high radiation operations.

The lesser quantity of equipment requiring remote replacement was accommo-

dated by custom fabrication and reliance upon as-built measurements to

reproduce the components involved. The predominant mode of replacement

for the remotely maintained equipment was still from overhead. Ihe MFRP

incorporated a rack concept in which individual items of equipment, along

with the necessary service piping, was prefabricated and supported on wall

mounted brackets. The upper part of the cell above the equipment was made

wider and configured with a shielded labyrinth to accommodate the horizontal

routing of the attached service piping. This arrangement made the service

piping accessible for contact makeup outside the cell but behind shielding.

Intracell connections between process equipment racks are made with remote

connector-equipped piping jumpers using a remotely operated overhead
4

crane-impact wrench system. A similar, albeit smaller system, is shown in

Fig. 2 to illustrate the concept.

3. Small Equipment Racks

The previous discussion on equipment racks dealt primarily with large

equipment that was serviced by bridge cranes and used appropriate large

tools to maintain or assemble the equipment. This section will describe an

approach used in the design of much smaller equipment racks.

During the 1950s and 1960s a number of facilities were built that

utilized master-slave manipulators for operation and maintenance. These

were mainly analytical or experimental facilities that provided a service

to the nuclear industry. One of the facilities constructed during this

period was the Transuranium Processing Facility5 at the OHML. This
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facility was to include a chemical processing system that would use all the

steps required in a nuclear fuel reprocessing plant but at a much lower

throughput. The low throughput lent itself to being incorporated into the

master slave equipped hot cell but required a concept that would include

metallic equipment of a size and configuration different from the glass

beaker and test tubes normally associated with the master-slave manipulator.

The reach capabilities of the manipulators determined the positioning

of accessible equipment as well as the volume in the cell that could be

serviced by the manipulators. The expected levels of radiation and contam-

ination resulting from the processing of the transuranic elements dictated

that all operations and maintenance would be totally remote. A requirement

was set, and has proven to be invaluable during 20 years of operation, that

everything in the cell would be remotely replaceable using the manipulators

or externally controlled tools.

Frontal access to three racks of equipnent in each of four cells was

provided. Figure 3 illustrates two racks in position with the tracks for a

third rack on the left. These 1000-lb racks were 18 x 36 x 72 in. high,

small by reactor fuel reprocessing standards, but containing similar

equipment such as valves, pumps, and other chemical equipment. The equipment

recognized as having a high probability for replacement was mounted on the

front of a rack, while the less vulnerable pipe and tanks were mounted

behind the removable items but within the rack structure. The front and

rear of a typical rack are shown in Figs. 4 and 5. Of the 12 racks, each

has been replaced remotely one or more times to improve operations or

provide new processing capabilities. A more thorough description of this

facility and the operations conducted while maintaining full containment of

radioactivity are reported in refs. 6, 7, and 8.
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III. APPLICATION OF ADVANCED MAINTENANCE SYSTEMS TO EQUIPMENT RACKS

The previous section described existing hot-cell facilities built

prior to the 1970s. This section briefly describes advances in cell

maintenance systems that occurred in the 1970s and 19fi0s. These advances

have permitted the designer of hot-cell equipment to take a different

approach in the layout of equipment in the cell with the potential for

improvements in maintenance efficiency and plant availability.

The primary technological advancement in remote maintenance capabilities

that took place in this time period was a resurgence of the development of

electronically controlled servcmanipulators. These manipulators, which

themselves are designed to be remotely maintainable, provide the dexterity

of master-slave manipulators and, when mounted on a suitable transporter

system, can provide full volume coverage of a cell. The systems being

developed include multiple on-board, radiation-hardened television cameras;

lighting, low-capacity (approximately 1000 lb) hoists; and wireless,

high-speed data transmission techniques. The systems can emulate the

ability of a human in a hostile environment and be operated from a remotely

located control station.

Several types of transporter systems to support and provide mobility

to the servomanipulators have been considered including both bridge-mounted

and floor-mounted telescoping tube concepts. The one eventually selected

and developed was a bridge-mounted, stacker-crane concept, which is also

designed to be remotely maintainable. This type of transporter provides a

very rigid support for the servcmanipulators and can be designed to provide

total cell coverage from the floor to the bottom of the bridge beam.
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Hie incorporation of these advanced maintenance systems into the

design of equipment racks permits a maintenance task to be approached

horizontally as well as from above. By providing suitable internal

clearances, equipment items can be stacked vertically on a rack structure

and still be accessible to the manipulators for remote maintenance.

Further, the racks can be positioned along the walls of the cell, with

interconnecting piping behind the racks, leaving a center aisle, free of

obstructions, for moving equipment into or out of the cell. This can

result in a reduction in the total required height of the shielded cell

volume since vertical clearances no longer must be provided for moving

equipment over the top of other equipment.

The utilization of advanced maintenance systems also improves the

potential for developing tools and techniques to remotely and efficiently

cut and weld in-cell piping, thus reducing the multitude of remote pipe

connectors that in the past have been required in a remotely maintained

cell. The manipulators also have sufficient dexterity and force-reflecting

capabilities to allow consideration of standard, off-the-shelf piping,

tubing, and electrical connectors to replace the high-cost connectors

specially designed for remote operations.

The following section describes cell layouts and equipment rack

features that take advantage of the improved capabilities of these present

generation maintenance systems.

IV. EQUIPMENT RACKS - 1970s AND 1980s

During the mid-1970s, ORNL became involved in the design of reproces-

sing facilities for breeder fuels. The early designs utilized technology
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available at that time, which did not include the advanced maintenance

systems described in the previous section, and led to a concept that was

very similar to the Hanford-Purex plant. Equipment racks, arranged in two

rows with piping between the rows, were utilized to expedite fabrication,

installation, and decommissioning, but each rack was custcm designed. An

innovation incorporated in that early design, however, was the concept that

all in-cell equipment including the service line penetration plugs would be

easily removable for final decommissioning. Also, the equipment

racks incorporated one attribute that has remained constant throughout the

design evolution. The primary structural frame consisted of a strong-back-

and-base frame to permit transport in either a horizontal or vertical

orientation. A minimum of equipment support structure would be added to

enhance accessibility by the maintenance equipment. Equipment that was

recognized as requiring removal for repairs was arranged in a cascading

configuration tc provide a maximum of access fron above for the tools to

reach the object. Equipment considered susceptible to malfunction or

plugging such as pumps, steam jets, valves or the like fell into this

category. A photograph of a model of this cell is shown in Fig. 6.

When additional time became available due to delays in the breeder

reactor program, the conceptual design of the reprocessing facility was

modified to incorporate the then evolving advanced maintenance system

described in Sect. III.

In essence what evolved was a remotely operated cell wherein the

restricted range of the fixed master-slave and lead-glass window

arrangement with small equipment racks, as previously described for the

Transuraniun Process facility, would be replaced by the transported
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servananipulators and television cameras for viewing to service large

equipment racks. Many components such as valves and remote disconnects

would remain small, while the tanks and processing equipment would increase

in size by orders of magnitude. The height of the equipment rack is

dictated by the chemical equipment to be used, and division of the various

process steps into logical and manageable groups determines the other

dimensions. A standard rack size for this plant evolved that was 10 x 12 x

50 ft tall and weighing a maximum of 50 tons. Two of these racks were

detailed and are included in a model of the cell shown .in Fig, 7. These

two racks are representative of the 90 racks that would have been required

had this plant, referred to as the Hot Experimental Facility (HEF), been

built. It should be noted that, in the HEF, access to the equipment

racks by the maintenance systems was from above and from the front.

Insufficient space remained between racks to permit full side access to the

sides of the racks with the servcraanipulators.

The rack concept with its accompanying maintenance system of

transporter mounted servomanipulators was next adapted for use in the

Breeder Reprocessing Engineering Test (BRET) facility. The BRET

equipment, designed to reprocess small quantities (100 kg heavy metal/day)

of breeder reactor fuel, was to be housed in a large shielded cell in the

Fuels and Materials Examination Facility (FMEF), located adjacent to the

Fast Flux Test Facility on the Hanford Reservation. This cell was

originally intended to be used for the examination of breeder fuel

following irradiation.

The equipment to perform the planned processing rate of 100 kg/d was

arranged in the existing cell similar to the HEF but with certain aspects

dictated by the existing facility configuration. The concept of total cell
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Figure 7; Model of * Process Ctfl Designed in the 1970'!
using Overhead and Frfntii Access by ServoMni
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volume coverage, frontal approach, and total remote maintainability was

still the basic criteria. The size of the equipment racks was dictated by

the existing facility pathway restrictions and crane capacities. This

resulted in two levels of equipment racks with footprints of 5 by 5 ft, the

lower tier being 13 ft tall and the upper tier 17 ft tall. Subsequent

modifications to some of the facility constraints permitted a second

iteration in the rack design. Specifically, the weight limitation was

increased from 5 to 7.5 tons, and the entry path into the cell was

enlarged. The one entry path restriction which could not be overcome,

however, was the maximum equipment height limitation of 17 ft. This

limitation dictated there would be two tiers of racks and that the taller

process equipment would be split between the two tiers. This constraint

also led to a more complex support arrangement for the accurately located

equipment racks.

The modifications of the facility constraints allowed greater flexi-

bility in the design of the equipment racks and permitted tailoring their

size to the reach capabilities of the servananipulator arms. Further, the

racks could now be arranged in the cell so that side access by the manipu-

lators was possible for the upper tier of racks. The final size of the

racks increased to a footprint of 8 ft 2 in. wide by 5 ft deep for the

lower tier of racks and 5 ft 4 in. wide by 7 ft deep for the upper tier of

racks. The height of the racks remained at 13 ft for the lower racks and

17 ft for the upper racks.

These iinpirovements were incorporated into the design of a represen-

tative pair of equipment racks and were the basis for constructing a test

area at OHNL. This test area, complete with maintenance equipment and

shown in Fig. 8, is now in operation to prove that the concept is sound and
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Figure 8; Area for Maintenance Testing of BBET Equipment Racks
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also to test various equipment arrangements to provide a basis for future

designs and assurance of success in a future plant. An exploded view of

one side of the upper rack is shown in Fig. 9 and includes a side view of

the servomanipulator arms, hoist, and transporter mast.

The most recent equipment rack configuration has been concepted for

application in a reprocessing facility that would be included as one entity

of the total fuel cycle. The site would include a number of liquid metal

cooled reactors, three 400-MW(e) units as an example. Fuel reprocessing

and fuel fabrication facilities would be included to support these

13reactors. The equipment racks for the reprocessing portion, an outline

of one is shown in Fig. 10, would be arranged as shown in Fig. 11 in the

facility. In addition to the frontal access, the upper portion of adjacent

racks would be arranged to provide side access as well as access to the

service penetrations in the cell wall. This will provide maximum access to

chemical process equipment. It is believed that this arrangement includes

all of the positive attributes that have evolved during the many concepts

developed at ORNL.

The application of the total remote maintenance concept has been

encouraged by ORNL since the mid 1970s. The equipment racks are one

segment of the overall concept. The total concept will provide the means

to operate the facility with minimum exposure to personnel during i-outine

processing, maintenance, and finally at the decotnnissioning stage.
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Figure 10; Basic Structural Outline of Equipment Racks
for a Co-Located Reprocessing Facility

Figure 11; Typical Cross-Section of Reprocessing Cell for
a Co-Located Reprocessing Facility
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