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GLOSSARY OF ACRONYMS

A/D analog-to-digital

AD9 auto-data nine

Al analog input

AO analog output

ASCII American National Standard Code for Information Interchange
CE C. E. Raymond/Bartlett-Snow
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CPU central processing unit

CRT cathode ray tube

DI discrete input

DO discrete output

DP Differential Pressure

FD Floppy Disc (sometimes appears as F/D)
FM Frequency Modulated

FMC Food Machinery Corporation

FSEV Full-Scale Experimental Voloxidizer
HEPA high-efficiency particulate air (filter)
HVAC heating, ventilation, and air conditioning
I/0 input/output

1&C Instrumentation and Controls

I0DP integral orifice differential pressure (transmitter)
JCL job control language

LED light-emitting diode

MSA Mine Safety Appliances

ORO Oak Ridge Operations (Office of the Department of Energy)
ORNL Oak Ridge National Laboratory

PID proportional-integral-derivative

PMP programmer maintenance panel

POP process operators panel

PS panel switch

RAM random access memory

RTD resistance temperature device

SLC serial line clock

UpPC unit process controller
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ABSTRACT

The voloxidation process has been under development as a dry head-end method for
removing tritium from spent uranium reactor fuel prior to aqueous processing. Tritium is
released from the fuel when the fuel changes in crystalline structure upon oxidation from
UO, to U;0g. A rotary calciner was chosen as the reactor, since the oxidation reaction
takes place in a temperature range of 720 to 920 K and since agitation is thought to be
beneficial to the reaction.

A rotary calciner, called the Full-Scale Experimental Voloxidizer (FSEV), capable of
processing fuel at a rate of 0.5 t/d of heavy metal, was designed and fabricated. It repre-
sented the state of the art in the development of hardware for the voloxidation process,
providing the test-bed for further development and verification of the full-scale design.

This report describes the FSEV. Information is provided on (1) the project objectives,
(2) design criteria, (3) physical and functional description of the machine and ancillary equip-
ment, (4) the control systems and algorithms, (5) objectives of experimental programs, and (6)
history of the machine itself. Although some aspects of both the operating experience and
the experimental results are presented, detailed analyses of the data are not included herein.
This report does describe the methods used to create a final, permanent data set, and it
contains the necessary information to relate the data to the physical system as an aid to

meaningful analysis.
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1. INTRODUCTION

The voloxidation process was developed as a dry head-end method for removing
tritium from spent uranium reactor fuel prior to aqueous processing. The process is based
on the reaction of the oxide fuel with oxygen or air at a temperature range of 720 to 920 K,
where the release of tritium and, to a lesser extent, some of the other fission products
occurs when UQO,; is restructured to U3Og. The rationale for process development assumes
that it is more desirable to remove tritium from the fuel and concentrate it into a relatively
small volume than to dilute the tritium with water in subsequent aqueous processing steps.
Additional benefits of voloxidation include oxidation of residual sodium in the fuel prior
to dissolution, an increase in the rate of dissolution, and provision of a temperature-controlled

surge capacity between shearing and dissolution.

1.1 Project Objectives

The Full-Scale Experimental Voloxidizer (FSEV) was used to:

1. establish certain characteristics and capabilities of commercial rotary calciner

components for operation in reprocessing, such as operability and reliability;
2. study certain important process parameters;

3. confirm and develop data and mathematical models describing heat and mass

transport in voloxidation systems;
4. address the problems of process control; and
5. provide a broad base of experience and information applicable to the voloxidation

concept.

The size of the FSEV was chosen to be capable of processing 0.5 t/d of heavy metal.
The process design calculations for the unit are presented in Appendix A.

1.2 Background

In December 1976, a bid package of specifications and criteria for the design and
fabrication of the calciner was prepared and issued to candidate vendors. Two responses
were received in February 1977, and C. E. Raymond/Bartlett-Snow (CE) was awarded
the contract.
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In January 1979, temporary flights were installed, and solids were fed to the systems
for the first time. At this point, a decision had been made to purchase a new drum with
built-in prototypical flights. During the remainder of the year, several experimental campaigns
were completed. A temperature telemetry system was purchased, and work began on its
installation in October. By January 1980, the telemetry system was installed. While this
work was under way, special inlet flights, an inlet cone, and a dam were fabricated and welded
into the front end of the drum. The systems were calibrated and brought up to operating
readiness by March 1980, and experimentation again proceeded.

Meanwhile, in July 1979, a purchase order for the replacement drum was sent to
CE. They responded in September 1979 that they would fabricate the drum, which was
delivered in May 1980. However, the drum was rejected because of bad welds and because
the flights in the furnace section were not straight. The drum was returned to CE, reworked,
and subsequently accepted in September 1980.

Disassembly of the voloxidizer system to exchange drums began in October 1980.
Included in this work was the fabrication and installation of special dam flights (see
Appendix B) in the inlet section of the new drum by ORNL forces. An inlet chute collar
was also fabricated and installed. By March 1981, all equipment and instrumentation
were installed, and the drum replacement activity was completed. Experimentation resumed
in April.

Near the end of April 1981, a solids recirculation system was fabricated and installed
on the voloxidation system. The purpose of this apparatus was to recycle back into the
drum any solids that would spill into the inlet breaching section.

1.3 System Components and Arrangement

The FSEV is located in Building 7603 of the Consolidated Fuel Reprocessing Facility.
The location and arrangement of major components are shown in Fig. 1.2.

The high bay area houses the solids feed, off-gas, and furnace cooling subsystems.
The rotary calciner and unit process controller, including man-to-machine interface
equipment, are located on the next lower level. The basement level contains product
collection and gas supply equipment. A hatch allows movement of materials (using the
crane) between the basement and the high bay.

In the event of loss of power, a diesel generator provides the electrical power necessary

for safe shutdown.

1.4 Brief History of Experimental Campaigns

It is not the purpose of this report to describe the details of experimental work
performed with the FSEV or to present an analysis of the data obtained. However, it seems
appropriate to briefly review the experimental campaigns which were performed. Table 1.1 lists
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Table 1.1. Summary of Full-Scale Experimental Voloxidizer (FSEV) experimental campaigns

Run

Duration

(h)

Date performed

Purpose of run

11

16

17

56

80

30

104

80

70

105.5

107

106

107

107

106

108

7/31/78 — 8/2/78

9/8/78 — 9/15/78

10/17/78 — 10/18/78
1/22/79 — 1/26/79
4/17/79 — 4/20/79

5/24/79

8/2/79

8/15/79

8/23/79

3/18/80 — 3/21/80

4/14/80 — 4/18/80

6/23/80 — 6/27/80

8/11/80 — 8/15/80

9/8/80 - 9/12/80

10/6/80 — 10/10/80

4/6/81 — 4/10/81

5/11/81 — 5/15/81

Dry out (cure) furnace insulating lining and check out
the FSEV for operability

Test cooling stacks and new instrumentation (auto-data
nine, remote set-point furnace controllers and data
recorder)

Additional shakedown of FSEV components, as in
run 2, including testing of the off-gas system

Operate FSEV with solids throughput; also test solids
feeders and product collection apparatus

Demonstrate temperature profile control (furnace
zones)

Obtain data concerning flow rate and pressure drop
across off-gas filter and some study of solids spillage
into breeching

Additional testing of off-gas filter

Off-gas filter test

Shakedown following adjustment of seals to reduce
oft-gas flow rate

Evaluate newly installed thermocouple telemetry
system, special test thermocouples and effectiveness
of inlet flights in reducing spillage

Further evaluation of telemetry system following
modifications and testing of newly installed oxygen
supply system and prototypical off-gas filter

Evaluate performance of inlet flights and study heat
transfer characteristics

Characterize solids and gas flow behavior, including
measuring solids spill rate, response of gas com-
position to step change in O, flow rate, and response
of gas composition to oxygen getter (iron fillings)

General, with emphasis on measuring drum temperature
with special “reflected” thermocouples and additional
work with oxygen getters

Continued experimentation (at different operating
parameters) with oxygen getter, parabolic reflected
thermocouples, and inlet chute collar

Shakedown of FSEV following drum replacement
activity, including measurements of general system
behavior with emphasis on furnace zone coolers,
ability of voltage transient suppressors to protect
controller, and demonstration of inlet chute collar
to prevent solids spillage

Second phase of shakedown of FSEV following drum
replacement with emphasis on testing how proto-
typical flights enhance surge capacity, new solids
recirculating system, oxygen control systems, and the
temperature telemetry system
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Table 1.1. (continued)

Run DUE;I)IOH Date performed Purpose of run
18 108 7/13/81 —7/17/81 Demonstrate temperature profile control with emphasis
on cooling stack performance and calciner drive
performance at sustained high speed, including
modified solids recirculation system and shroud
feeder tests
19A 12 10/13/81 Test thermocouple telemetry system following exten-
sive repair work
19B 12.5 11/3/81 Second test of telemetry system and shakedown of all
hardware and software systems, particularly those
items which required corrective actions
20 108 11/16/81 — 11/20/81 Demonstrate axial temperature profile control of

rotary drum by manipulating furnace zone tempera-
tures, and demonstrate the capacity of the FSEV

to accept very high feed rates (rates far in excess of
steady state)

Table 1.2. Documents on hand at the operating site

Document name

Information contained in document

Run instructions

Problem safety summary

Operating procedures

Software cross-reference
listing

Software summary

Statement of run objectives (instructions different for each run),
lists of nominal operating conditions and parameters to be manipu-
lated, and a checklist of important items requiring monitoring

Process description and assessment of safety hazards. Minimum
safety regulations are established, and description and locations
of safety equipment are listed. Emergency shutdown procedures
are also included

Detailed instructions of how to operate the equipment and instru-
mentation with descriptions of the function of each item. Pro-
cedures for startup, operation, and shutdown are enumerated

Listing of source code from which controller software was generated,
including a cross-reference listing so that software modules and
signal names can be located and traced

Description of the software in both prose and diagrammatic flow
charts. (This document was written after the software evolution
slowed and became available prior to run 16.)




2. MECHANICAL SYSTEMS

In a fuel reprocessing facility, the voloxidizer would accept sheared fuel from the
shear and discharge “voloxidized” fuel to the dissolver. Since the shear and dissolver were
also in the development stages, it was necessary to provide support equipment to simulate
these items. The principal mechanical components of the Full-Scale Experimental Voloxi-
dizer (FSEV) facility are solids feed equipment, off-gas system, rotary calciner, and product
collection station. Support items include the solids feed equipment and product collection
station; all other components are viewed as development items.

The arrangement of this section on mechanical components corresponds to the flow
direction of solids through the facility. The reader should keep in mind that all items
between the isolation valves on the feed chute and the isolation valves on the discharge chute
are the critical development items. Items outside that sphere are support items. Detailed
engineering drawings describing the system are listed in Appendixes C, D, E, and F for
reference. The appendixes provide the drawing number, title, and a brief description of the

information contained on the drawing so that intricate details can be easily found.

2.1 Solids Feed System

The FSEV is equipped with peripherals designed to simulate interfaces with connecting
systems (shear and dissolver). It is fed with a mixture of sand, sheared steel rod (hulls), and
formed steel strap (shroud) to simulate sheared fuel assemblies (Fig. 2.1).

Figure 2.2 is a schematic view of the feed system. The major feed system parameters
are presented in Table 2.1.

The feed system, contained within the feed house in the high bay area, transfers
materials to the kiln through two isolation valves and the inlet chute. Feed control is provided
by the unit process controller, which processes signals from weigh cells and responds
appropriately.

The principal components of the feed system — the feed system enclosure, vibratory
screener, feeders (3), isolation valves (2), sampling station, and inlet (feed) chute — are

described below.

2.1.1 Feed system enclosure

The feed house (Fig. 2.3), located in the high bay area, isolates the dusty environment
of the feed system from the rest of the high bay. The feed house is constructed of steel

2-1
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Fig. 2.2. Feed system.
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2.1.4 Isolation valves

Two isolation valves separate the feed enclosure from the calciner. These valves (see
Fig. 2.2) serve to isolate the feed house environment, which is at atmospheric pressure,
from the calciner, which is maintained at <0.5 in. of water below atmospheric. The air
actuated valves are controlled by the Bristol UPC to operate in sequence with the dumping
of the tip bucket.

2.1.5 Sampling station

The solids sampling station (see Fig. 2.2) consists of a sampling spoon, which can be
inserted into the solids flow stream and can be monitored at the viewing ports. This station
is used for obtaining samples of the solids feed. It is of the same construction as the sampling

station in the discharge line, described in Sect. 2.4.1.

2.1.6 Inlet chute

Feed material passes into the rotary drum through the inlet chute. The chute is fabricated
from 8-in. sched-40 pipe and is curved on a 60.96-cm (2.0-ft) radius so that the minimum
slope over which the solids slide is 0.52 rad (30°). This is a specific exception to the general
requirement to maintain at least 45° with the horizontal for sliding solids. The vertical
cross section of the chute is not circular, but somewhat elliptical, requiring that a collar be
fastened around it to reduce the gap between the chute and the rotating drum (see Sect.
2.3.8).

2.2 Off-Gas System

Vacuum is provided to the calciner drum through the off-gas system. After passing
through the calciner, the gas stream is filtered to remove particulates and the gas flow
rate is measured. Vacuum is supplied by the building off-gas and a parallel air jet. Controi
of the off-gas system is provided by the Bristol UPC.

Figure 2.5 is a schematic of the off-gas system. The major system parameters are
presented in Table 2.2.

The off-gas line connects to the inlet chute above the inlet breeching. This line is an
8-in.-diam pipe. The filter, located near the feed house in the high bay, consists of a cylindri-
cal structure containing filter elements. Each element is a smaller cylindrical shape, open
only at the downstream end. Particulates collect on the inside surface of the elements. The
clean gas stream then flows through a 4-in.-diam pipeline leading to the main building
off-gas line. A 5.98 X 107 m? (0.211 ft®) vessel above the filter supplies air for filter
blowback.

A quick opening solenoid valve, operated from the Bristol UPC, releases air directly
into the filter element and causes the filter cake to be blown free of the filter and to fall
back through the off-gas line into the voloxidizer drum. When the filters become blinded,

new filters are pushed into place and the old filters fall into the voloxidizer.
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Fig. 2.5. Off-gas system.
Table 2.2. Off-gas system parameters
Parameters Values

Nominal flow rate
Filter area
Clean filter, AP
Blowback pressure, maximum
Volume of air tank
Max building off-gas header vacuum
Max total header vacuum
Pipe diam to filter
Pipe diam past filter
Nominal filter opening size
Felt metal
Sintered metal?
Woven metal

9.44 X 107 std m® /s (2 scfm)
9.29 X 107% m? (1 ft?)

9.95 X 10? Pa (4 in. H,0)
5.52 X 10° Pa (80 psig)

598 X 1072 m® (0.211 ft3)
2.99 X 10° Pa (12 in. H,0)
6.22 X 10® Pa (25 in. H, 0)

8 in.

4in.

3u
3u
S5u

?Judged to be best material and was used in system.

Downstream from the filter a Singer* bagmeter measures the gas volume in 2.83 X 1072

m?® (1.0 ft®) increments. Flow rate is calculated from time elapsed between consecutive

increments. Two air actuated valves control the flow rate and pressure. The first valve

provides the main control; the second is a bypass valve for a parallel air jet. The bagmeter,

air jet, and valves are shown in Fig. 2.5.

*Trademark,




2-8

2.3 Rotary Calciner

The principal components of the calciner (Fig. 2.6) are the drum, drive system, support
structure, furnace, cooling stacks, product cooler, and seals. Figures 1.2, 2.7, and 2.8 are
views from different angles showing the overall appearance of the machine; the major

design parameters are presented in Table 2.3.
2.3.1 Drum

The drum functions as the reaction vessel where oxidation of the sheared fuel takes
place. Attached to the inside surface of the drum are mixing flights that (1) motivate solids
flow; (2) provide agitation, which helps dislodge fuel from sheared elements; (3) promote
uniform solids bed temperature; and (4) cause good contact between the solids and gas as
the drum rotates. Two riding rings are attached to the outside surface of the drum with
spokes. These rings act as the wheels on which the drum can turn.

ORNL-DWG 81—-1274R

DRUM LENGTH 24 ft, 81/2 in.
DRUM DIAMETER 18 in,

FURNACE 12 ft LONG, 8 ZONES

PRODUCT COOLER 5ft LONG AR

—

SOLIDS FLOW

_
GAS FLOW

U

1r
|

1

A e

[ B

PRODUCT

Fig. 2.6. Schematic view of calciner.







Table 2.3. Major design parameters of the FSEV

Parameter

Value

Drum (Incoloy 800H)
Length
Inside diam
Wall thickness
Feed end dam

Seal
Leak rate at 2 in. of H,O

Max design temperature

7.531 m (24.708 ft)
4572 cm (180 in.)
0.635cm (0.25in.)
9.14 ¢cm (3.60in.)

2.36 X 10* m?®/s (0.5 ¢fm)
800°C

Max drum rotation rate 5 rpm
Min drum rotation rate 0.5 rpm
Motor power 5.0hp
Motor rotation rate 1750 rpm

Two drums have been tested in the FSEV. The first drum was a one-piece unit with a
smooth inside surface to accommodate insertable flight cartridges. The idea was to provide
a means for quick and economic changes in the type of flights used, making the unit a
testing ground for different flight designs. Three flight cartridges were ordered from the
calciner vendor. The three equiangularly spaced helical flights, constructed on a 1.44-m
(4.71-ft) pitch, for the inlet section were 1.07 m (3.50 ft) long, 1.91 cm (3/4 in.) wide, and
would protrude 5.08 cm (2 in.) from the drum wall toward the centerline of the drum.
Another cartridge for the furnace section contained six equiangularly spaced straight flights
and was 3.96 m (13.00 ft) long. The third cartridge was 2.50 m (8.21 ft) long and contained
three helical flights, equally spaced one from the other, also having a pitch of 1.44 m (4.71
ft). These cartridges are presented schematically in Fig. 2.9. Because the helical flights
could not be made within required specifications, they were abandoned and temporary
cartridges with straight flights similar to those in the furnace section were fabricated and
installed. The flights in the temporary cartridge were 0.64 cm (1/4 in.) wide. In February
1980, the straight flights in the inlet section were removed and replaced with special flights
(shown in Fig. 2.10) that move material forward regardless of the direction of the drum
rotation. The development effort that led to this design is summarized in Appendix B.

The replacement (second) drum was installed in the FSEV in March 1981. Flights
in this drum were prototypical, being welded in place with no gaps between the flights
and the drum wall. (A photograph of the drum appears in Fig. 2.11, and the flight
arrangement is shown in Fig. 2.12.) The special flights were installed in the inlet section.
In addition to moving solids forward for both directions of drum rotation, these flights
induce a large solids velocity and thus low inventory. Flights in the furnace sections consist
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HELICAL FLIGHTS
HELICAL FLIGHTS IN COOLING SECTION STRAIGHT FLIGHTS IN FURNACE SECTION IN INLET SECTION

BalS i =] S

L_* g'-21/2" + 13 + 36 -

24'-g /2"

Fig. 2.9. Insertable flight cartridges made in three sections.
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TOP ISOMETRIC

FRONT SIDE

Fig. 2.10. Specially designed flights for the inlet section.

of six rows of linear flights that provide a low solids velocity. The rows are broken every
3048 cm (12.0 in.) with a 2.54-cm (1.0-in.) gap. The flights protrude 2.54 ¢m (1 in.) from
the drum wall and are 1.91 ¢cm (1/4 in.) wide. The cooling section flights consist of three
“rows” of flight sections 30.48 ¢m (12.0 in.) long and 1.91 cm (1/4 in.) wide, protruding
6.35 cm (2.5 in.) from the drum wall, arranged into a helical pattern. Although these flights
provide a high solids velocity, the direction of flow is dependent on rotational direction.
When the drum is rotated in a direction that is the reverse of normal operating direction,

the drum can act as a surge tank for sheared fuel.
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—GENERAL NOTES -
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M-12273-E-003-0.
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Fig. 2.12. Interior of drum laid flat.













2-17

ORNL DWG. B2-1596

ROTAMETER
COLD WATER——— —
ORIFICE METER
[ %CONTROL
T~ VALVE
IHOT AIR
v
I~
U FURNACE WALL
- —
COLD AR / ROTARY \
DRUM
=
CONTROL
VALVE

Fig. 2.17. Cooling circuit for a furnace zone.

2.3.6 Product cooler

The product is cooled by cooling a 1.52-m (5.0-ft) section of the drum with a flowing
stream of air conducted about the drum by a loosely fitted sheet-metal enclosure called the
product cooler (Fig. 2.18). The blower draws air through the product cooler so that all
leakage will be into the product cooler. Most of the air flowing through the product
cooler comes from outside of the building through a 25.4-cm (10.0-in.) duct and is dis-
charged out of the building through a 30.5-cm (12.0-in.) duct. The temperature and
velocity of the air in both the inlet and outlet ducts are measured, providing a means of
computing the inleakage rate. The maximum capacity of the blower is 28.3 m?3/min (1000
cfim).

Cool air flow through the product cooler follows a helical pattern because the internal
surface of the product cooler shell is fitted with helical baffles set on a 30.48-cm (12-in.)
pitch (Fig. 2.19). Small gaps between the helical baffles and the drum are required to permit
unrestricted rotation of the drum; however, the gaps do allow some bypass of the air. Flow
of the air is countercurrent to the flow of solids within the drum. The circular component
of the air flow path is directed opposite to the direction of drum rotation. The product
cooler is designed to cool the solid material to 150°C or less before it is discharged from

the rotary drum.
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Fig. 2.19. The product cooler induces a helical flow pattern for air to follow.

2.3.8 Solids recirculation subsystem

Operating experience with the voloxidizer demonstrated that solid material, mostly
fines, will spill from the gap between the rotary drum and the feed chute. By fabricating
and installing a collar on the feed chute, the gap between the dam (part of the drum at the
inlet) and the chute was reduced (Fig. 2.21); however, spillage of fines still occurred at a reduced
rate. Any material spilled would collect in the inlet breeching section, eventually filling it.

A solids recirculation system was developed that would return spilled material to the
feed chute from the breeching section. The apparatus was arranged (Fig. 2.22) so that the
material would fall into the 2-in. sched-40 transfer line and come to rest in front of an air
jet. On a predetermined schedule (e.g., every 2 h) the recycle pulse (a burst of air from the
indicated tank) would be activated and the material transferred. One drawback is that
additional air is added to the voloxidizer system.
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Fig. 2.20. Brecching sections support a bellows and rotary seal.
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Fig. 2.21. Inlet chute fitted with collar.
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2.4.2 Diverter valve

Once past the isolation valves, the solids pass through a diverter valve (Fig. 2.23). The
diverter valve is air operated and manually actuated. This valve permits the solids to flow
in one of two directions and subsequently to be delivered to one of two product receivers.
One receiver can be in service at all times even though the other receiver is being used to

transfer material back to the feed house.

2.4.3 Product receivers

There are two identical product receivers, each resting upon its respective weigh cell.
A receiver (see Fig. 2.23) is a drum fabricated with “trap’ doors to provide for top filling
and bottom discharge of solid material. Each drum has a capacity of 0.121 m3 (4.28 ft3).

The weigh cell upon which a receiver rests has a measurement range from 0 to 454 kg
(1000 Ib): however, because of the weight of the receiver and attached hardware, the net
capacity (i.e., quantity of solids product that a receiver can accommodate) of a receiver is
bounded to 272 kg (600 1b).

2.5 Gas Supply System

A compressed gas cylinder station (Fig. 2.24), located close to the calciner, provides
feed gas for the FSEV. This gas is usually a mixture of oxygen and nitrogen used to enrich
the atmosphere inside the rotary drum with oxygen. The gas is introduced at the exit
breeching (i.e., the end of the calciner where solids are discharged) and flows countercurrent
to the solids in the drum. Gas can be supplied at a rate of up to 1.7 std m3/h (1.0 scfm).

2.6 Miscellaneous Equipment

Several other pieces of equipment are required for the operation of the FSEV. These
manually operated devices are described below.

2.6.1 Overhead crane

The high bay area of Building 7603 is equipped with an overhead bridge crane. The
capacity of the crane is 25 ton. During the installation of the FSEV and drum replacement

activity, this crane (Fig. 2.25) was used extensively to move the heavy components into place.

2.6.2 One-ton hoist

A one-ton hoist was fitted to the trolley assembly of the overhead crane (Fig. 2.25) to
provide for the transport of light materials. For example, this hoist was used during experi-
mental campaigns to transport filled product receivers to the feed house where the feed

material was recycled.













3. INSTRUMENTATION AND CONTROL HARDWARE

This section describes the instrumentation and controls (1&C) components used to
obtain and condition signals from the appropriate field sensors and to provide control
and data acquisition functions. Descriptions of the contro! system algorithms (software)
appear in Sect. 4.

The instrumentation provides sensors and signal processing devices, controllers, field
actuators, operation interface devices, and data recording equipment. A list of major
components is provided in Table 3.1. Head-end data acquisition components, such as the
thermocouple telemetry system and auto-data nine multiplexer, feed measured values of
controlled (and noncontrolled) variables to the controller system. The control system,
built around a programmable Bristol unit process controller (UPC), provides coordination
of all operating logistics of the Full-Scale Experimental Voloxidizer (FSEV). Conditions
of temperature, vacuum (pressure), solids feed rate, and oxygen supply rate for startup,
steady operation, and shutdown are provided. The functional configuration of the automatic
control system is shown in Fig. 3.1.

3.1 Field Sensors and Input Signal Processing

Field sensors are provided to measure temperature, pressure, weight, flow rate, electrical
power, and gas composition. (Solids flow rates are inferred from weight measurements made
at two different points in time, and fluid flow rates are inferred from differential pressure
measurements across orifices, etc.) A list of measured quantities is provided in Table 3.2
along with information as to which section and table(s) to reference to trace specific measure-

ments of interest.

3.1.1 Thermocouple telemetry

A TESDATA/INMET model 1910 temperature telemeter was provided to measure
the temperature of the rotary drum in the FSEV. This device was chosen as the most
reliable and accurate means to measure the temperature of the rotating drum using thermo-
couples as sensors.

The telemetry system consists of a transmitter mounted on the riding ring (nearest
the solids discharge end) of the rotary drum, as shown in Figs. 3.2 and 3.3, and a receiver
mounted in the instrument racks, as shown in Figs. 3.4 and 3.5. Power is provided to the
transmitter through slip rings. Thirty-three type S thermocouples are connected to the 33
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Table 3.1. List of major control system components

Item Manufacturer Model Purpose of item
Thermocouple Tesdata/Inmet Corporation 1910 Utilize 33 thermocouples to measure
telemetry temperature of rotating drum at 33

(1 ea) locations

Auto-data nine

(1 ea)

Power calculators
(8 ea)

Oxygen analyzers
(2 ea)

Bristol unit process

controller (UPC)
(1 ea)

Serial line clock

(1 ea)

Furnace control
panel

(1 ea)

12-pt. recorder

(1 ea)

and controller
(8 ea)

Teletype
(1 ea)
Data recorder
(1 ea)
Cathode ray tube
(CRT)
(2 ea)
System overview:
disk drive
(1 ea)
keyboard
(1 ea)
color CRT
(1 ea)

Accurex Corporation

Scientific Columbus
Mine Safety

Appliances Company

The Bristol Company

Digital Pathways, Inc.

Bartlett-Snow Company

Honeywell

Honeywell

Digital Equipment
Corporation

Techtran Industries, Inc.

(1) Tektronix, Inc.
(2) Lear Siegler, Inc.

Intelligent Systems
Corporation

AUTO-DATA NINE

6268-A7

MSA-803

UCS-3000

SLC-1

Electronik IIl

11170180-52020-00000-

00-00010-102-18
R7350J-1016-1

Decwriter I1
8421
4006-1

ADM-3A

DUAL 8” F/D
KEYBOARD

8051

Interrogate, digitize, and multiplex
signals from many (~100) sensors,
such as thermocouples and RTDs;
transmit this data serially (ASCII)
to the UPC

Measure the power (kW) delivered
to the furnace heating elements
(one for each zone)

Measure oxygen conce