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A STUDY OF THE STATE-OF-THE-ART OF INSTRUMENTATION FOR PROCESS
CONTROL AND SAFETY IN LARCE-SCALE COAL GASIFICATION,
LIQUEFACTION, AND FLUIDIZED-BED COMBUSTION SYSTEMS

by

N. M. O'Fallon, R. A. Beyerlein, W. W. Managan,

H. B. Karplus and T. P. Mulcahey

ABSTRACT

A study 'rv been carried out to determine the state-of-the-
art of instrumentation which is available for process .ontrol
and safety in planned demonstration and commercial scale coal
gasification, liquefaction, and fluidized-bed combustion systems.
The study identified available instrumentation which will per-
form satisfactorily in these systems and pinpointed deficiencies
for which instruments must be developed. The identified defici-
encies fall ir.to the same few categories for all processes con-
sidered. These categories are presented with associated physical
parameters f aund in the various processes ,cudied.

Development of instruments to meet these deficiencies is
recommended along with development of control valves and optimal
control schemes in order to assure the possibility of automatic
control of the large scale coal conversion and combustion systems.

1.0 SUMMARY

A study of the state-of-the-art of instrumentation for process control

and safety in demonstration and commercial scale coal gasification, lique-
faction, and fluidized-bed combustion plants has been carried out by Argonne
National Laboratory for the U.S. Energy Research and Development Administra-
tion, Fossil Energy Division. The object of the study was to survey the cur-
rent state-of-the-art in instrumentation and to identify deficiencies that
will exist in the large scale coal plants unless appropriate new instruments
are developed.

Much of the information for this study has been collected through con-
tact with operating personnel at pilot and sub-pilot coal conversion and
combustion plants and with engineers involved in the evaluation of these
processes and the design of demonstration and commercial size versions of
them. Other information has come from a study of piping and instrument dia-
grams for the pilot scale systems by engineers at Fluor Pioneer Inc., who
evaluated the instruments shown with regard to suitability for scale-up, on
the basis of their experience in the power and chemical processing industries.
Other sources of information have been technical reports on the various pro-
cesses.

Conclusions of the study are that, with very few exceptions, instrumen-

tation deficiencies in all processes fall under four general headings: mass
flow rate of mixed-phase process streams, on-line composition monitoring of
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process streams, levels of oil/water interfaces and of fluidized beds, and
temperatures in reaction vessels and on vessel walls.

It is recommended that development of instruments to meet these defici-
encies be started as soon as possible. The suggested development program
has as its aim the commercial availability of neded instruments, compatible
with the requirements of automatic controllers, when the firbt demonstration
scale conversion plant is completed. Recommendations are also made in two
areas which have been brought out as serious problems in the course of this
study even though they were not within the scope of the present study. One
of these is in the area of control valve development; and the other is in the
area of optimal control scheme development. Development of instruments as
well as development of the control valves and of the control schemes are all
necessary before automatic control of the large scale processes will be pos-
sible.

2.0 PROBLEM INVESTIGATED

This study, carried out by Argonne National Laboratory (ANL) and funded
by the Fossil Energy Division, U.S. Energy Research and Development Adminis-
tration, was concerned with an evaluation of the state-of-the-art of instru-
mentation for process control and safety in large-scale coal gasification,
liquefaction, and fluidized-bed combustion systems. The object of this study
was to identify deficiencies which will exist in instrumentation for these
systems unless appropriate action is taken, and to recommend i program of
research, development, and technology transfer aimed at the timely commercial
availability of needed instruments.

3.0 METHOD OF INVESTIGATION

Information for this study was gathered by ANL staff through on-site
discussions with staff of coal conversion and fluidized combustion pilot
plants and process development units in this country, technical discussions
with engineers engaged in the design of large-scale plants, and a survey of
the technical literature. A complementary study was conducted, under sub-
contract to ANL, by Fluor Pioneer Inc. Fluor engineers considered the
instruments shown on piping and instrument diagrams for coal conversion pilot
plants and made a judgement of the capability of each instrument to perform
adequately under process conditions in the pilot plant and in the scale-up to
commercial plant operation.

3.1 TheArgonne National Laboratory Survey

In order to learn of instrumentation deficiencies in small scale systems
planned large-scale systems based on these processes, ANL instrumentation
development staff made a number of technical visits. They visited the high-
Btu gasification pilot plants for the HYGAS, CO2 Acceptor, and Synthane pro-
ceases and consulted with engineers at C. F. Braun and Co., who are concerned
with project evaluation for the high-Btu processes and design of commercial
plants based on these processes. They visited liquefaction pilot plants for
the COED and SRC processes as well as the bench-scale Synthoil unit and con-
sulted with engineers at The Ralph M. Parsons Co., who are doing project
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evaluation for the liquefaction pilot plants and design of commercial plants.
Other sources of information on needs of conversion systems were Foster
Wheeler Energy Corporation and the Morgantown Energy Research Center (MERC).
Fluidized-bed combustion facilities at ANL, Exxon Research and Engineering
Co, and Combustion Power Co. Inc., were visited and discussions were held
with ERDA-Fossil Energy staff concerned with the Pope, Evans and Robbins
system. Additional informat' n 'n- tha needs of fluidized-bed coal combustion
systems came from staff at WE ij :',use Research Laboratories and at Foster
Wheeler. These technical visit f ' listed in Table I with the date of the
visit and list of persons int.-vIQ i.

Each instrumentation need found during these technical visits or from a
search of the technical literature was recorded on a data sheet along with
information about the conditions in which the instrument would have to oper-
ate. A priority rating of low, medium, high, cr very high was assigned to
each need. Appendix A contains the data sheets on instrumentation needs.

3.2 The Fluor Pioneer Inc., Study

In order to get a different perspective on the evaluation of instrumenta-
tion currently in use in pilot plants, ANL engaged Fluor Pioneer, Inc., a
Chicago-based engineering firm with many years of experience in design and
consulting on all engineering aspects of the electric utility power and
chemical processing industries. Fluor engineers studied in detail the piping
and instrumentation diagrams for the five operational pilot plants (COED, SRC,
HYCAS, CO2 Acceptor, and Synthane) and evaluated each instrument shown. In
cases where the instrument was being used for measurements within its capa-
bility and there was no question of scale-up, it was not considered further.
Where there was doubt about the ability of the instrument to function reliably

or with sufficient sensitivity and accuracy under process conditions, where
scale-up was doubtful, where the parameter of interest might be better deter-
mined by another measurement, or where a measurement is needed for reliable
process control and there is no appropriate instrument, the information was
noted and a recommendation made. Appendix B is a report of the Fluor Pioneer
study.

4.0 CONCLUSIONS

The findings of the ANL and Fluor Pioneer studies are in agreement. Over
902 of the instruments being used in coal conversion and fluidized combustion
systems are conventional instruments which function satisfactorily and will
scale-up. With few exceptions, the instrumentation deficiencies fall into
four general categories: (1) Mixed phase mass flow, (2) On-line composition,
(3) Level, and (4) Temperature. Within each of these categories, there are
up to three rather distinct groupings within which the parameters to be
measured and the associated physical conditions are similar. Very few
instances have been found of available instruments that have not been tried
in the coal plants or instruments under development which show promise of
meeting any of these needs.

4.1 Evaluation of Present Instrumentation

In the Fluor Pioneer study of the piping and instrument diagrams for the
COED, SRC, HYGAS, C02 Accentor, and Synthane pilot plants, 4,569 instruments
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TABLE I. Technical Visits by ANL Instrumntation Staff

Location Date Persons Interviewed

Conversion
Pittsburgh Energy
Research Center
(Synthane, Synthoil,
Hydrane)

*COED
Princeton, .. J.

*HYGAS
Chicago, Ill.

'CC 2 Acceptor
Rapid City, S.D.

C. F. Braun Co.
Alhamra, Calif.

Pittsburuh Energy
Research Center
(Synthane, Synthol)

PT. Lowis, Mash.

Ralph M. Parsons Co.
Pasadea, Calif.

CObust Lon

Argoone National Lab.
Chicago, Illinois

Maxon Reearch A og.
Liades. N.J.

Combustsioa Prer Co.
Mealo Perk, Calif.

Morgntw n rgy
Reseerch Center

Lawreace Livermsre
Laboratory

ite Fembere Company
PF r., has.

2-7-74

10-5-74

11-8-74

11-22-74

1-31-75

4-16- 75

10-9-75

Coat iouag

i-13-75s

10-10-75

1-15-74

3-)-?

6-I)-? )

Bert Forasy, Stan Casior,
Murray Weintraub, Joe Mis

Louis J. Scocti,
Haig D. Torzian

Frank C. Schora, John W.
Loading, Jack Huebler,
Bill Bair

Frink Fink, Irl Zubor,
Chet Krcil, Marion Vardson,
David Claser, Phil Boland,
Frank Plut, Frank Batug,
Terry Towers

Richard Howell, Robert
Stalaker, Charnes Chao

B. 0. Curtiss, Jr., Dale
Mackay, Duane Runnels,
Murray VWintraub

Robert Sperhac, Joseph
Naylor, Andrew Danhof,
Robert Custer, Russ
Perrussel, David Schmlser

Andrew sela, rank clen,
Eugene Pastrick, George Iervey

Al Joanke, Erwin Carla,
Malt Podolski, John Vogel,
Bill Swift

Dr. Ron oke, Melvyn Mutiks,
Ray Wea skoringer

Michael 0'MIagen, Grdon Made.
boasi Jackson, Henry VWiton

Dr. Million I kard, Robert
P. Seert, L. Uayne %bhck,
Neil Coates

Jack Saltsbery, Clarece
Calder, Say Cornell

Robert ha, Jobs Berard,
Charge* Cooper, Cal Matsn,
or. Js Vigee, or. Peter
Mrcra.

PLete ith pores og e ri .
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were considered. Over 90% of these instruments were judged by Fluor
engineers to be well-suited to their tasks and readily scaled-up, based on
their experience in plant design and consulting. The remaining instruments
fell into the four categories listed above in Section 4.0. A list of instru-
mente reviewed in the Fluor Pioneer study, divided into instruments considered
suitable and those considered unsuitable in scaled-up plants is included in
Appendix B.

4.2 Deficiencies in Instrumentation

Instrumentation deficiencies found in the study are summarized in
Table II. Mixed phase mass flow needs fall into three categories: dense
phasc solids mass flow, dilute phase solids mass flow, and dirty gas flow
(entrained solids mass flow). Composition monitoring deficiencies occur for:
carbon, hydrogen, oxygen, sulfur, and ash content of solids and liquids in
streams and vessels; elemental components such as sulfur, metals, and alkalis
in gas streams; and molecular components of gas streams. Level detection is
needed for oil/water interfaces and must be improved for fluidized bed
heights. Detection of temperature in the 1500 to 3000*F range with rapid
response to excursions and monitoring of vessel walls and pipes for hot spots
are problems that have not been solved. Appendix A contains details of the
conditions where instruments are needed in the individual plants.

4.2.1 Mixed Phase ?has Flow Rates

Continuous monitoring of mass flow in the process streams of
modern coal gasification, liquefaction, and fluidized-bed combustion systems
is essential for process control. Such measurements are made difficult in
process stream of solids mixed with luids by the corrosive and ,.orasive
nature of the streams as well as by their high temperatures and, r pressures.
In addition, the velocity profile in a miulLicomponent flow is complex, with
liquid, solid, and gas fractions flowing at different average speeds and, for
the solid fraction, particle speed depending on particle size. In the case
of a slurry, knowledge of total mass flow is required as well as a separate
determination of the solid fraction.

Flowvmters which rely on differential pressure measurements (e.g.,
orifice and Venturi meters) are unsatisfactory because of plugging of the
pressure taps. Flownsters which have obstructions in the flow stream (e.g.
orifice, target, turbine enters) are subject to excessive abrasion.

Mixed phase (solids mixed with fluids) mass flow rate instrumen-
tation is the most serious instrumentation need in the pilot plants and
process development units visited by ANL. Only in atmospheric fluidized-bed
combustion systems is lack of instrumentation to measure another variable
(bed temperature) more critical.

4.2.1.1 Dense PhaseSolids Mass flow

This flow system occurs when crushed coal is slurried
vith oil or water for injection at high pressure into a conversion system or
wh- solid material flows through a standleg to fall through a constriction
into a vessel or into a pneumatic transport system. The solids density is
limited by contact between the particles. The measurement is needed for
process control with high to very high priority rating.
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TABLE 1H. ANL Survey of Instrumentation Deficienclesa

P T Particle
max max Density Composition Size

Process Value (psip) ( F) (lb/ft 3 ) (% - % vol) max(n )

Dense phase solids mass flow

Gasification 1-10 ft/sec
Liquefaction 1-5 ft/sec
FBC 3-4 ft/sec

Summary]

Gasification
Liquefaction
FBC

Summary

Dirty gas flow

Gasification
FBC
Summary

C, H, 0 SL ash

Gasification
Liquefaction
FBC
Summary

1-10 f t/sec

lids mass flow

3-10 ft/sec
%40 ft/sec
3-70 f t/sec

i$00
4500
150

4500

1500
15-25

150

3-70 ft/sec 1500

- entrained solids mass

<10 grains/scf 1000
0.1-2 gr/scf 150
<10 grains/scf 4500

content of streams and

0.1-907 wt 1500
0.1-90' wt 4500
0.1-90% wt 150
0.1-90' wt 4500

3000 25-70
2000 20-70
1500 35-45

30 100
3000 25-1CO

1800
1600
100

1800

flow

2000
1600
2000

vessels

3000
2000
1500
3000

6-15
tit

(14-60
1-60

1-100
20-70
35-100
1-100

>30% char
>33% char
>40% char
"-50% alumina
30-50% solids

10-25%
1-2%
1-2% char/dolo.1
8-307 dolomite
1-30% solids

<1% char/ash
<1' char/ash
<1% solids

char/ash/
oil/

1 imestone

Elements in gas streams

Casification - metal and S to methanation in ppm range
FBC - alkali metals to turbines in ppb range

molecularr composition of gas streams

Gasification >0.1% wt 1500 3000
Liquefaction >0.1% wt 4500 2000
FBC >0.1% wt i50 500
Summary >0.1% wt 4500 3000

Level of oil/water Interface
Conversion 1500

Fluidized bed levels and densities

Summary 1.5-15 ft 1500

Temperatures In reactors (reducing) and

Summary 15 (0-3000*F 1500

Temperature o! vessel walls (hot spots)

Summary >700'F 0

Co, CO; , so 2
so3, rNo ,CH 4

HClOxH2,

COS,Ik

500 1.1:1.0:0.98
heavy oil:wnter:ltht oil

3000

combust oxIdizin

3000

6
3
3

6

0.25
3
6

6

0.06
0.01
0.06

6
3
3
6

P 50% solidsR

(rapid response)

"Appondix A contains details of the locations and conditions where these measurements
are needed.
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This need was expressed by staff of the HYGAS plant for
two points in the process, CO2 Acceptor for one point, BI-GAS for two, SRC

for six, COED for six, Synthoil for two, and Combustion Power for one. C. F.
Braun, Parsons, and Foster Wheeler also gave this as a major need.

Table 11 outlines conditions associated with these flow

systems. The parameters given are those which are expected to b most simi-
lar in pilot scale systems and commercial scale plants. For example, the

flow speed is listed rather than the mass flow rate because the mass flow

rate will scale up by a factor of 100 to 1000, whereas the flow speed will

probably be within a factor of 2 or 3 of that in the pilot scale system.

4.2.1.2 Dilute Phase Solids Mass Flow

This flow system usually occurs in a pneumatic transport
line where crushed solids are fed into a reactor or combustor or in the dip
leg of a cyclone separator, where dense phase conditions may be approached.
Measurement of the flow in the cyclone dip leg is needed for monitoring of
cyclone operation and is a very high priority need. Flow in pneumatic trans-
port systems is needed for process control and has a high to very high prior-
ity. In a number of systems, flow of a given stream may be measured either
in the dense phase in a standleg or in the dilute phase during pneumatic
transport, but is not necessary in both places.

Dilute phase solids mass flow was given as a serious
need by staff at the HYGAS plant for two points, BI-GAS for one point, COED
for six (alternate measurements for the six dense phase measurement points),
ANL for two, Combustion Power for three, and Exxon for two. Foster Wheeler
also mentioned this as a serious need.

Conditions associated with these measurements are given
in Table II. These systems range from about 1 to 30% by volume of solids
and tend to have higher speeds than the dense phase flow.

4.2.1.3 Dirty Gas Flow - Entrained Solids Mass Flow

Measurement of very small particle entrainment in gas
streams is extremely important for protection of turbines in a pressurized

fluidizet-bed combustion system. It is a very high priority need in gasifi-
cation processes in the product gas stream from the gasifier cyclone both for
protection of gas cleanup equipment and for materials balance.

This need was named by personnel at the CO2 Acceptor
plant at two locations, COED at one point, ANL at one point, Combustion Power
at two points, Exxon at one point, and Pope, Evans and Robbins at one point.
C. F. Braun, Parsons, Westinghouse, and Foster Wheeler gave it as a general
need.

Table II gives conditions encountered where these meas-
urements are needed. Particle sizes are generally less than a few tens of
micrometers, and the loading is usually less than 10 grains per standard
cubic foot of gas.
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4.2.2 On-Line Composition Mbnitoring

The need for on-line composition monitoring for process control
and environmental protection is the second highest priority item found in the
study. The systems presently in use for composition determination involve
sampling and have the problems inherent in sampling: uncertainty about
whether the sample is representative of the process material and a time lag
between the taking of the sample and completion of the analysis. In many
cases, obtaining the sample and reclosing the system is made very difficult
by the high pressures and temperatures and by the abrasive nature of the pro-
cess material. Refer to Table II for conditions.

4.2.2.1 C, H, 0, S. and Ash Content of Solids and Liquids in
Streams and Vessels

The process streams where these composition measurements
are needed are generally those for which solids mass flow is needed in dense
phase or dilute phase (4.2.1.1 and 4.2.1.2). These are primarily streams
feeding into, out of, or between conversion or cobustion vessels, and the
measurement is needed for control of the reaction rate within the vessel for
maximum use of raw materials, optimum apportionment of products, and safety.

Five locations in the HYGAS plant were given as needing

this kind of instrumentation, two in the CO 2 Acceptor plant, one in the
BI-GAS, one in the COED, three in the SRC, two in the ANL, one in the Exxon,
two in the Combustion Power, and two in the Pope, Evans and Robbins. C. F.
Braun mentioned this as a general need in coal preparation for all processes.

4.2.2.2 Elements in Gas Streams

Two distinct situations occur where trace elements in

gas streams must be monitored. The streams are usually the same ones listed
under gasification and fluidized-bed combustion under the dirty gas flow -
entrained-solids mass flow heading (4.2.1.3).

The product gas from any gasifier must be monitored for
elements in the ppm range which are damaging to the methanation catalyst
according to engineers at C. F. Braun. This includes S, Ni, Fe, and V.

In all pressurized fluidized-bed combustion (PFBC) sys-
tems, alkali ions in the flue gas cause severe and rapid corrosion of turbine
blades. This very high priority need, cited by Westinghouse as well as staff
at the PFBC systems, requires detection of Na and K ions in the ppb range.

A third, rather gener2. need in this category is for
monitoring of environmentally-harmful trace elements in effluent gases from
these processes.

4.2.2.3 Molecular Composition of Gas Streams

Measurement of the molecular composition of product gas
streams in conversion systems is necessary for process control, and molecular
composition of flue gases is needed in both conversion and combustion systems
for environmental protection. While systems in use (gas chromatography,
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infrared, polarographic analyzers) can measure the concentrations of the
molecules of interest, they all require cooling, drying, and filtering of the

sample. They work satisfactorily only to the extent that the analyzed sample
is representative of or can be related to the gas in the stream. There is
generally at least a few minutes delay between sample-taking and completion
of the analysis. Finally, calibration of these instruments is time-consuming,
requiring a great deal of time from a trained and careful person.

In the words of an engineer at the Combustion Power FBC,

there is "nothing close to being acceptable" in the area of gas analysis.
This was given as a problem at the CO2 Acceptor plant, COED, SRC, and as
well as Combustion Power.

4.2.3 Level Measurement

A high priority instrumentation lack in level measurement which

occurs in a number of processes involves detection of oil/water interfaces.
A more widespread need in the area of level detection is for improved instru-
mentation to monitor fluidized-bed heights.

4.2.3.1 Level of Oil/Water Interfaces

Many of the conversion processes include a step where

oil and wa*3r vapors are condensed out of a gas and collected in a large
vessel for gravity separation. It is necessary to monitor the level of the
oil/water interface to prevent water withdrawal through the oil tap, and vice
versa. Because the oil and water densities are very similar, floats and
gamma gauges do not work; and because the liquids are dirty, level glasses do
not allow observation of the interface. Table II lists relevant parameters.

This is a problem at the HYCAS, COED, and SRC plants -
three of the four coal conversion plants with operating experience. It is
expected to be a problem at the Synthane plant.

4.2.3.2 Fluidized-Bed Levels and Densities

Most gasification processes, some liquefaction processes,
and, of course, all fluidized-bed combustion processes have one or more
fluidized beds of crushed solids in gas. Bed levels and densities are usually
inferred from measurement of differential pressure between taps with a known
vertical separation, with both in the bed and with one in and one out of the
bed. The system has not been modeled well enough to allow prediction of dif-
ferential pressure readings for given conditions within the bed, but it is
possible to find reliable correlations between readings and bed conditions by
experiment on a given system. The biggest problem with the differential
pressure technique of fluidised-bed level detection occurs because of plug-
ging of the pressure taps.

Th:s problem is considered to be of medium priority since
the pressure taps can be designed to allow rodding out in the event of plug-
ging, as has been done at the CO 7 Acceptor plant. However, the development
of a differential pressure technique which is not subject to plugging or the
development of a completely different method for monitoring the bed heights
would be highly desirable according to staff at HYCAS, COED, ANL, Exxon,
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Combustion Power, and Foster Wheeler. The SRC process has no fluidized beds,
but uses the same differential pressure technique to measure slurry bed
levels. They also have problems with plugging pressure taps. Table II gives
the measurement conditions.

4.2.4 Temperature Measurement

Difficulties in measurement of temperature for process control
occur with temperatures in the 1500*F (800*C) and above region, especially
when temperature fluctuations must be followed and acted upon rapidly. A
second high-priority temperature-monitoring need is for a means to detect hot
spots on vessel walls in time to prevent damage to the vessel.

4.2.4.1 Temperatures in Reactors and Combustrs

Many conversion and combustion small-scale systems have
problems with temperature measurement in their reactors or combustors. Al-
though thermocouples are available which can measure temperatures in the range
of interest (up to about 3000 F or 1700*C), there are serious problems in
designing thermowells which can withstand the severe erosive and corrosive
conditions and the high pressures. The higher temperature systems tend to be
those for which temperature fluctuations must be detected and responded to
rapidly, and a heavy thermowell introduces a delay in response.

Systems which have stated a need for temperature measure-
ment are HYGAS (stage 2 gasifier at 1800*F or 1000 C), BI-GAS (stage 1 gasi-
fier at 3000 F or 1700*C), Exxon (combustor at 1700*F or 950*C and future
regenerator at 2000 F or 1100 C), and Pope, Evans and Robbins (Combustor at
1550 F or 850*C and carbon burnup cell at 2000 *F or 1100*C). These conditions
are summarized in Table II. Combustion power has fabricated their own type K
thermocouples (rates up to 2500 F or 1400*C) which have been operating satis-
factorily for over 600 hours at 1600 to 1700*F (900 to 950*C). They are
sheathed in stainless and encased in Schedule 40 vertical steel pipes extend-
ing to various heights in the bed.

4.2.4.2 Temperature of Vessel Walls (Hot Spots)

There is a need in all the conversion and combustion
processes for an improved method of detection of hot spots on vessel walls and
pipes. This condition would indicate wearing away or cracking of the insul-
ating ceramic liner and would be followed by damage to the vessel or pipe
material unless the process could be shut down in time to prevent it. Most
plants use a temperature-sensitive paint to indicate hot spots by a change in
color, but these paints have a slow response and are strongly dependent on
ambient conditions.

4.2.5 Other Instrumentation Needs

A few other instrumentation needs have been called to the atten-
tion of ANL during this study which may be serious for only one or two pro-
cesses. SRC would like a device which could locate a plug (where the process
liquid had dropped below its melting point) in a long pipe. They also need
an improved method of pressure measurement, not so subject to plugging. This
is essentially the same problem encountered in fluidized-bed height measure-
ments by differential pressure techniques. Both Synthoil and SRC will need



11

on-line viscosity measurement, but have not yet tested available instruments.
It is expected that the available instruments will be satisfactory.

4.3 Other Deficiencies

Three areas of need came to the attention of ANL during this study which,
while not within the scope of the study, bear on the ability to control
large-scale coal conversion and fluidized combustion systems.

4.3.1 Automatic Control Schemes

Although work has been done in mathematical modeling and control-
optimization studies of some of the coal conversion and fluidized combustion
processes,1 and one process (Combustion Power FBC) is fully automated, there
has been in most cases a serious lack of attention to the development of con-
trol schemes for automatic control. Work on this problem is clearly neces-
sary before demonstration plants can be operated, and would complement instru-
mentation development by quantifying instrument development incentives for
process optimization. In turn, instrument development would provide input
for the control scheme development by identifying options and through data on
what parameters can be monitored and with what accuracy and precision.

4.3.2 Valves

The deficiencies in instrumentation for automatic process control
in large-scale coal conversion and fluidized-bed combustion are paralleled
by deficiencies in control valves to effect change on operating conditions
in response to signals from the instruments. Valves which can withstand the
erosive and corrosive conditions and which can seat securely in the presence
of ground coa, char, or ash against high pressure differentials ar not
available. There is a serious need for development of control valves of
sufficient capacity, which can operate reliably and with reasonable lifetime
in the environment of the process streams in these plants.

4.3.3 Technical Information Exchange

There appears to be a need for greater communication among per-
sonnel working on the various processes. Several cases have been found dur-
ing this study where a problem at one plant had already been worked on and
solved, at least partially, at another plant. Some areas where this has been
apparent are temperature measurement with thermocouples, bed level measure-
ment with differential pressure, and dirty gas analysis with chromatographs.
It would surely accelerate the development of coal conversion and fluidized-
bed combustion processes if the people involved were fully aware of work on
common problems being done at other plants.

4.4 Search for Available Alternative Instruments

Both ANL and Fluor Pioneer conducted rather extensive (but not exhaus-
tive) searches for other instruments now available or expected to become
available within the next few years which might be able to perform some of
the needed meassurements, but which have not yet been tested in present
small-scale coal plants. A small number of instruments were found which may
be able to meet some of the deficiencies described in Table II. These
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instruments, which represent possible alternatives to the instruments cur-
rently used in pilot plants and process development units, are discussed
below.

4.4.1 Alternative Instruments for Mass Flow

The flow rate of water-based slurries can be measured with an
accurar'v of about 1% using electromagnetic flowmeters available from Foxboro,
Honeywell, and a number of other manufacturers. Texas Nuclear has a complete
system which combines an electromagnetic flowmeter and a nuclear density
gauge to give computed mass flow rate. Several processes employ water-based
slurries for carrying away ash or mineral residue, but the temperatures are
above the roughtly 350 F (200 C) limit of electromagnetic flowmeters. The
only measurement need found in the study which can be met with the electro-
magnetic flowmeter occurs in the HYGAS plant when the coal (lignite) is
slurried with water for injection to the gasifier. The HYGAS process usually
slurries the coal with oil, in which case the electromagnetic flowmeter will
not work.

Thermal Instrument Company markets a line of thermal flowmeters
(which give mass flow directly) which they claim can measure slurry flow,
non-airborne solids flow, and dirty gas flow (particle entrainment not meas-
ured). The advertised accuracy is 1%, range is 10:1, temperature limit is
1500*F (800 C), and pressure limit is 60,000 psi. These devices have been
used in coal/oil slurries but have not been tested in coal conversion or FBC
system. One of these devices has been installed in the char return from the
cyclone separator in the BI-GAS plant and will be tested when the plant begins
operation in 1976. Solids mass flow in pneumatic transport or in dirty gas
flow cannot be measured by this technique.

4.4.2 Alternative Instruments for Coposition

No instruments were found which could monitor composition of
solids on-line. In the area of elemental and molecular composition of gases,
two instruments appear to have potential for solving some of the problems
experienced with instruments now being used in the coal plants for gas analy-
sis. A mass spectrographic system available from Extranuclear Laboratories
still requires sampling, but, according to the manufacturer, is able to moni-
tor up to 16 at a time of all elements and compounds of interest with a
response time of 10 msec per gas, accuracy 1.5% of reading, and range of 1 ppm
to 100%.

An atomic absorption technique has been under development for
several years at Lawrence Berkeley Laboratory which is able to detect many of
the elements and diatomic molecules of interest.2 It utilizes the Zeeman
effect to give several source lines of slightly different wavelengths so that
the wavelengths not absorbed by the sample may be used to determine background
absorption, a major source of uncercainty in conventional atomic absorption
measurements. High temperatures of gas streams in coal plants would not b a
problem since the sample is routinely heated to 3000F (1700C) or higher.
Because cross sections for atomic absorption are generally high, samples might
have to be diluted to reduce absorption when measuring concentrations of non-
trace elements. A version of this instrument is available from Nissoi Sangyo
nstruments. Scientists at LBL believe the device could be designed for use

in a coal plant.
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4.4.3 Alternative Instruments for Level

Gamma level gauges are available from a number of commercial
sources: Kay-Ray, Industrial Nucleonics, Texas Nuclear, and others. They
work well when there is a 15% or more difference in densities across the
boundary and are not bothered by conditions within a vessel since they are

not in contact with it. The biggest problem in applying this technique to
vessels in large-scab coal plants arises because of the large amount of dense
material in the walls compared with the much less dense material within the
vessel. This masks the difference in density across the boundary. These
devices might be able to measure liquid levels where a gas is above the li-
quid, but probably would not be able to detect fluidized bed levels. They
cannot, as stated in Section 4.2.3.1, detect oil/water interfaces.

4.4.4 Alternative Instruments for Temperature

A device suitable for monitoring temperature increases of pipes
and vessel walls is a continuous thermistor available from Walter Kidde. The
thermistor strip can be as long as 400 feet (120 m) and gives a signal pro-
portional to the mean effective temperature. Thus a small very hot spot
would give the same signal as a larger area that was proportionately less hot.
A device of this kind is being installed on the Synthane gasifier and will be
tested with the Synthane plant begins operation.

Radiation pyrometers are available from many sources: Laser
Precision, Wahl, Ircon, Pyrometer Instrument, and others. They can measure
temperatures up to 7000 F (4000 *C) and detect radiation from the ultraviolot
to the far infrared. They might be able to measure temperatures in vessels
if an optical path could be furnished, but it is unlikely that it could.
They probably can be used to detect hot spots on pipes and vessel walls. A
likely scheme would be the installation of the thermistor strips described
above to warn of temperature increase to be followed by scanning with a radi-
ation pyrometer to locate the hot spot and measure its temperature.

4.5 Survey of Promising New Techniques

In this section, a number of techniques which show promise for meeting
instrumentation needs in coal plants are described.

4.5.1 New Techniques for Mixed Phase Mass Flow

Mass flow in a pipe is a measure of the amount of material passing
through a given cross section of the pipe per unit time. If the weight per
unit volume (density) of the flowing medium is designated by p(lbs/ft3) and
the average speed of travel along the pipe of particles in the medium is
given by v (ft/sec), then the mass flow through a pipe of cross section of
area A(ft2) is given by pvA (lbs/sec). Several of the techniques described
below are based on measurement of quantities which depend on pv2 or v rather
than the product ov. In these cases, a second measurement -- usually of p -
can be combined electronically with the first to give a computed value of pvA,
the mass flow.
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4.5.1.1 Acoustic/Ultrasonic

Background

Acoustic/ultrasonic techniques pertinent to coal plant
instrumentation d> not measure mass flow directly but yield dimensionally-
related quantities such as the velocity of the medium, v (ft/sec), the velo-
city of sound in the medium, c (ft/sec), the Mach number (v/c), and the acous-
tic impedance pc(lb/ft 2sec). 3,4 Given the pipe area A and these measurements
(and/or independent non-acoustic measurements of density) it is possible to
calculate mass flow pvA (lb/sec). Acoustic mass flowmeters have been
developed using the product of the Mach number and the characteristic imped-
ance (v/c)(pc) = pv. Others have been developed using the direct product p.v,
where v was measured acoustically and p was measured by non-acoustic methods,
namely, dielectric constant and/or gamma ray transmission.

Before proceeding to the three process categories, some
attention to basic recurring acoustic properties of material systems is in
order. The materials, whether in gas, liquid, or solid phase, are character-
ized by density, various moduli, and size relative to the acoustic wavelength.
The first two specify the propagation of sound in the material. The velocity
of sound c=U/p where k is the appropriate modulus and p is the density.

Across phase boundaries (for example, solid-liquid,
solid-gas or liquid-gas) there is usually a sharp change in density with
corresponding changes in velocity of sound and characteristic impedance.
These material properties govern the refraction, reflection, and transmission
of sound and must be accounted for in considering the feasibility of applying
different methods of measurement to the three categories. Refraction follows
Snell's law, c1/sinO 1 = c2/sinO2 , as in optics. Transmission and reflection
at boundaries follow the usual impedance relations which at normal incidence
give T - 4 Z1 Z 2 /(Z 1 + Z 2 ) 2 and R - (,1 - Z 2) 2 /(Z 1 + Z7)' , respectively, where
Z0 = p0c1 and Z2 " P2c2 are the acoustic impedances.

These relationships hold in gases and I iquids, in which
only dilatational acoustic waves can propagate. In solids the concepts must
be extended to account for other modes, principally shear waves. The latter
are used to advantage in some commercial clamp-on type ultrasonic flowmeters.
The advantages come in terms of improved refractive angle (i.e., the acoustic
wave moves more nearly parallel to the fluid flow vector) and in reducing or
eliminating interfering or "short circuit" paths through the pipe walls.

Implicit in the large difference of density between
gases and solid/liquid phases is large reflection R (including scatter) and
corresponding low transmission T. This is particularly important in select-
ing acoustic methods for application to mass-flow measurements where two
phases exist.

Fluid flow speed can be determined by several active
(i.e., having a transmitter) acoustic/ultrasonic methods: (1) Differences
in time for propagation of sound over a fixed distance with and against fluid
flow, (2) Doppler shift of frequency of sound waves reflected from a flowing
medium, or (3) Deflection of an ultrasonic beam by a flowing fluid. In one
variation of the time difference method, there are two sets of transducer-
receiver pairs, pairs, one producing ultrasonic beam pulses at an angle with
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the flow and the other giving bean pulses at an angle against the flow. The
received pulses are used in a feedback loop to trigger the transmitted pulses
in a self-excited oscillator arrangement. Because of the additive and sub-
tractive effect of the flowing fluid on the acoustic wave propogation, the
natural period of the forward loop ti = L/(c + vcosO) is less than that of
the backward loop, t2 = L/(c - vcosO). (c is the speed of sound in the flow-
ing medium.) A beat frequency Af = (1/ti) - (1/t2) = (2vcosO)/L is obtained
by electronically mixing the two signals and is proportional to the flow

speed as well as independent of the speed of sound in the flowing medium.

In a second variation of the time difference method,
the flow produces a phase difference rather than a frequency difference
between acoustic waves arriving at one of two receivers placed across the
pipe and equidistant upstream and downstream from the transmitter. It
should be pointed out that the frequency differences in the former method or
the phase shifts in the latter are quite small for low flow speeds, on the
order of a few feet per second, but they are measurable using state of the
art technology. Although in principle the acoustic transducers and
receivers may be placed outside the pipe in the above two methods, in
practice it may be necessary to introduce wave guides inside the pipe in
order to achieve sufficient coupling of the acoustic signal with the flowing
medium and to reduce interference due to pipe-fluid interface effects.

An existing commercial device known as the "clampitron"5

utilizes a direct time-of-flight measurement and can be strapped to the out-
side of the pipe. However, it appears to be limited to fluid mediums which
are not too highly attenuating, and this could well eliminate its practical
application to slurry flow. Nevertheless the active acoustic devices have
sufficient potential to warrant developmental effort.

Passive (i.e., listening to noise generated by the
system) acoustic/ultrasonic flow measurement is also possible. During tur-
bulent flow or during the transfer of solid particles, sound is generated
in the transfer lines due to interaction between the flowing material and
the pipe wall. Highly sensitive commercially available acoustic emission
receivers can detect these sound waves even at very low signal amplitudes.
Frequency discrimination can be employed to cut out "background noise" from
sources other than the flow stream or to separate noise due to turbulent flow
from that due to flow of solids in a slurry. This method is potentially use-
ful in all the categories of flow measurement under consideration. In con-
trast to the "absolute" transit time flowmeters just discussed, an acoustic
noise device must be independently calibrated.

Acoustic noise techniques may also be applied to the
detection of leaks. Leaks as small as 0.1 cc/sec may be detectable by acous-
tic emission sensors. 6 This technique may be applicable to monitoring leaks
of critical valves in the coal conversion plants.

An acoustic receiver may be used simply to detect a
change from normal operating conditions. Crude noise level devices of this
kind are in use at the Synthans gasification plant at Bruceton, Pennsylvania
end at the Exxon fluidized-bed combustion miniplant at Linden, New Jersey.
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Devices which are based on the concept of acoustic noise
proportional to turbulent flow are now commercially available for moderate
temperatures up to 300 F.7 Acoustic emission signals over a large. frequency
range (0-200 kHz) ab a function of flow of li uid sodium coolant at EBR-II
have been measured at ANL by Anderson et al., and their work shows a
strong correlation of relative sound level with flow rate.

If the flow includes solid particles, the relevant fre-
quency range is much higher than for conditions of turbulent flow alone.
Mullins et al., 9 have developed an acoustic detector which is capable of
monitoring the flow of sand in a pipe. They find that a narrow band around
700 kHz is the best frequency "window" for monitoring sand flow. The sound
level is proportional to the kinetic energy of the sand.

These methods of ultrasonic flowmeter are shown in Table
III along with the measured parameter and the measurand.

TABLE III. Ultrasonic Flowmetering Methods

No. Method Measured Parameter Measureand

1 Transmission Times of Flight v, v/c or v/c2

2 Reflection (Doppler Scatter) Frequency Shift v/c

3 Beam Drift Drift Distance or Angle v/c

4 Noise Acoustic Pressure vn, n > 1

These methods have been well described in survey articles
by Lynnworth3 and by Liptak and Kaminski.' Reference 4 includes a survey of
product lines of 17 manufacturers of ultrasonic level and flow instruments.

Applications at high temperature (T > 300*C) have not
found large markets to date. Transducer and coupling materials have also
limited high temperature applications. Development of high temperature trans-
ducers at the Argonne National Laboratory has been described by Gavin et
al., 1 0 and Karplus.1 1 Using lithium niobate piezoelectric crystals, 304
stainless steel housings, and high temperature cables, they have achieved
extended operation in the range 700* to 1200*F (400* to 700*C). Operation
at still higher temperatures is possible, the limits being set by the hous-
ing metal and the bulk resistivity of the lithium niobate. Tests at tempera-
tures above 1200 F (700*C) for operation and survival of the transducers are
needed. It is necessary to provide an oxygen atmosphere to the lithium nio-
bate crystal to prevent chemical reduction of the surfaces with a resultant
electrical low resistance or short circuit. External static pressure does
not affect the ultrasonic performance.

In response to the questions of applicability of their
commercial ultrasonic flowmeters to slurries, vendors indicated limited ap-
plicability for transmission types based on measuring time, phase, or fre-
quency difference. One manufacturer (Badger Meter) specified applicability
up to 8% solids. The limitations are based on loss of transmitted signal due
to scattering and absorption by the solids suspended in the slurry. Since



17

these systems were designed for pure fluids, the transducer frequencies may
be higher than necessary. Thus one of the areas to be explored for slurries
is to study the scattering and absorption of acoustic waves in slurries as a
function of frequency. Similar limitations or not applicable were noted for
"Liquids with Gas Bubbles".

The only type of ultrasonic flowmeter offered by com-
mercial sources for slurries, liquids with gas bubbles, and fluidized conveyed
solids was the noise type b ised on particle impingement.

Feasibility for Dense Phase Solid/Gas Flow

The conditions listed in Table II are such as to make
conventional transmission type ultrasonic flowmeters unfeasible except at
very low frequencies. This results from the problem of coupling acoustic
waves to the gas, which is very inefficient, along with the scattering and

absorption. However, the scatter problem suggests a possible solution by
measuring the velocity by Doppler frequency shift of a reflected acoustic
wave. Further complications to this approach result from variations of the
velocities of the solid particles between themselves end the carrier gas.

Tests of penetration of acoustic waves as a function of
the solids density, stream pressure, and frequency of the acoustic wave will
be required to assess the feasibility. If penetration is insufficient, the
portion of the flow profile sampled may not be representative of the total
flow.

Development of acoustic transducers for specific appli-
cations at high temperature and/or high pressure would be required, based on
existing ANL technology. 1 0 , 1 1

The combination most likely to succeed is a passive
noise type ultrasonic flowmeter coupled with a dielectric constant or gam.a
ray transmission type density meter.

Feasibility for Solid/Liquid Slurries

Preliminary tests in the 1-5 megaHertz frequency range
show that addition of 200 mesh coal to water or oil causes severe attenuation.
However, low frequency clamp-on transducers appear to make transmission type
ultrasonic flowmeters possible for velocity measurement in this requirement.
In order to assess the feasibility and obtain transducer design parameters,
experiments are needed to measure acoustic velocity, attenuation, and imped-
ance of slurries as a function of frequency, temperature, and composition of
representative slurries. Also, tests are needed of transducer operation ano
survival at temperatures above 12007F (700C).

Passive ultrasonic flowmeters and non-acoustic density
meters represent a fallback approach to slurry mass flow measurement.

Feasibility for Dilute Phase Solid/Gas Flow

Velocity measurement using a low-frequency transmission
type ultrasonic flowmeter measuring phase difference may be feasible for
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cases in which attenuation due to particulate and/or long path is not exces-
sive. Tests of transducer operation and survival are needed in the tempera-
ture range 1200-1500F (700-800'C). Because of impedance mismatch between
transducer and the gas, it is difficult to transmit and receive acoustic waves
via gas and special attention to transducer design is needed.

Passive, noise-sensing-type ultrasonic f lowueters are
feasible.

Doppler-type frequency-shifted reflection ultrasonic
flovmaters do not appear feasible. Since the velocity measure is based on
reflection from particles for which there will be a velocity distribution with
particle site and type (different materials), an ambiguous result is likely.
Also, the combination of low velocities with low frequencies make the Doppler
shift small. Hence, this method is considered to have a lower likelihood of
working for this requirement than the transmission or passive types.

Ultrasonic measurement of density via acoustic impedance
is not considered feasible.

Feasibility for Gas-Entrained Particles Flo'

Application of active ultrasonic flow and impedance
measurement to this requirement does not appear feasible with existing tech-
nology, principally because the large density ratio and corresponding imped-
ance mismatch leads to inefficient coupling of acoustic/ultrasonic waves into
the gas.

A passive acoustic technique is promising as a very
simple means of getting information on number of particles (by frequency of
impact) and site distribution (by violence of impact).

4.5.1.2 Capacitive Density

Unless a floweter measures mass flow directly (which is
the case for only thermal and angular momentum floweters), a separate meas-
urement, most comionly of density, is needed in order to compute the mass
flow.

Background

Conceptually, the insertion of any material between the
plates of a gas-filled capacitor will increase the measured capacitance. For
a dilute concentration of homogeneous particles, whether metallic, semi-
conductor, or dielectric (insulator) material suspended in a low dielectric
medium (gas or plastic foam), the change in capacitance will be proportional
to the concentration of particles in the field of the capacitor; hence, pro-
portsonal to the mass or density. Such a system might be successful for
solids density measurements in a coal or char in gas line or coal/water slurry
line where the effect of the solid particles on capacitance is very different
from the effect of the vehicle medium. A device based on this principle is
under development at Oak Ridge National Laboratory for determining relative
amounts of two liquids having different dielectric constants.'
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Feasibility

Capacitive density measurements of solids density or
solid/fluid ratio in coal plants are consideded feasible for solid/gas systems
because the dielectric constant of the solid is two or more times that of the
gas. In a solid/water system, the dielectric constant of the water is at
least ten times that of the solid. These statements are based on physical
constants measured at 100 C or less and may have to be revised at much higher
temperatures.

In a solid/oil slurry, the feasibility is questionable
because of similar dielectric constants for the two materials. It may be
that at some frequencies the dielectric constants will differ sufficiently
to measure solid/oil ratios by this method.

4.5.1.3 Nuclear Flowmeter

Background

There ore two basic methods by which radioactivity in
the flowing medium may be used to measure flow velocity. Both involve the
use of two radiation detectors at a known distance from one another along the

stream. In the first method, the radioactivity is confined to a small region
in the flowing medium, then a measurement of the time required to pass from
the first detector to the second (a known distance from the first) suffices
to give the flow speed. In the second method, the radioactivity is dis-
persed through the flowing medium, and the difference in activity detected
at the second detector depends directly on the known decay constant and the
time required for the medium to travel between the two detectors. With the
time calculated, the speed can be found using the known distance.

Feasibility

The radioactivity may be introduced by putting pellets
containing a long lived activity into the stream and recovering them down-
stream. This appears to be impractical in coal processing systems. An
alternate method consists of the injection of a short-lived activity (a few
seconds half-life) at a constant rate. If a small enough amount of radio-
activity with a short enough half-life could be used, the amount of radio-
activity exiting the process could be kept negligible, according to a study
by a Polish group. 13 An interesting feature of this study is that distinct
peaks related to the different flowspeeds of the coarse and fine grained
fractions and of the water are observed.

Radioactivity may be induced in elements already present
in the stream by bombarding through the pipe wall with a neutron source. A
possible candidate for this technique is aluminum, which becomes radioactive
upon absorption of a neutron and decays with a 2.3 minute half life, emitting
a 1.78 NeV gases ray. There are a number of other possibilities among ele-
ments naturally present in coal. It would also be possible to add traces of
a substance which would not affect the process bat which would be readily
activated by neutron bombardment.
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Neutron activation was used by Boswell and Pierce to
measure the flow speed of liquids, solids, and slurries by counting the in-
duced radioactivity formed in the moving material as a result of irradiation.
Both basic methods were used, one measuring the ratio of activity of the
stream at two positions downstream of the place of irradiation and the other
measuring the time taken for activity formed by a neutron pulse to travel
between source and detector.

An attractive feature of the neutron activation approach
to flow measurement is that it might be combined with composition monitoring
by analysis of the gamma rays emitted upon neutron irradiation of the coal or
char.

4.5.1.4 Nuclear Density

Background

A nuclear density gauge consists of a radioactive source
placed on one side of the sample whose density is to be measured and a radia-

tion detector placed on the opposite side. The radioactivity which interacts
with the material in the sample doesn't reach the detector. Thus the
decreased radioactivity detected when a sample is present is an indication of
the amount of material in the sample.

Feasibility

Density gauges based on attenuation of radiation from a
gamma ray source are fairly common and appear to work well.1 5 Since the
gammas interact primarily with the electrons in material, the quantity
measured is really the electron density. To the extent that the electron
density is proportional to the nuclear density (or equivalently, the number
of protons, Z, is proportional to the number of neutrons plus protons, A, in
nuclei), the macroscopic density may be inferred from the gamma ray attenua-
tion. For most elements, particularly the lighter ones, Z is approximately
one-half A. However, in the case of hydrogen, Z equals A. Thus a variation
!n the relative amount of hydrogen present changes the calibration of the
gamma density gauge. This may be serious in density measurements of some
process streams in coal conversion and combustion plants since hydrogen is an
important constituent of coal and a major component of the vehicle medium.

On the other hand, neutrons interact with the nuclei
themselves, and the attenuation of a beam of neutrons passing through a
sample is comparable in magnitude to the attenuation of gammas of similar
energies. It may be possible to devise a density gauge based on attenuation
of neutrons from a neutron source.

A third possibility is the combination of gamma and
neutron attenuation measurements to give an acceptably unambiguous densit
determination.

These methods of density measurement are expected to
work both for dense phase solids flow and dilute phase solids flow streams.
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4.5.1.5 Noise Correlation Flowmeter

Background

Normally a system variable such as density, speed, pres-

sure, or temperature will have local fluctuations superimposed on the average
values. If such a variable is measured at one point along a pipe containing

a flowing medium, and if the fluctuations persist long enough in a region of
the flowing medium, the same fluctuations can be detected in a downstream
measurement at a later time corresponding to the transit time of the medium
between the two measurement points. Comparison of the two signals as a
function of time delay of the first will sh'w maximum correlation when the

time delay equals the transit time of the medium between the two measurement

points.

Feasibility

Computerized transit time cross-correlation techniques

have been in development for more than a decade, particularly for applica-
tion to measurement of coolant flow in the liquid sodium cooled fast reactor.
The measurement of temperature fluctuations in the flow stream for determin-
ing flow rates has been investigated by Randall,1 6 Ashton and Bentley,1 7 and
by Boonstoppel, Veltman, and Vergouwen.1 8 The requirements of long measure-
ment time and complicated computing equipment have been serious disadvantages

of this method, although the last-mentioned group appears to have reduced
these problems. The first two groups viewed the method primarily as an
accurate means of checking the calibration of existing flowmeters in their
natural environments.

An ultrasonic cross-correlation flowmeter is being
developed at Canadian General EJectric. 1 9 It will have the same limitations
with respect to attenuation and temperature as the acoustic/ultrasonic flow-
meters (4.5.1.1). Accuracies are expected to be 1 to 2% of reading.

This method would be practical in an advanced coal con-

version or combustion system only if recent developments in electronics could
be used to bring the necessary sampling interval down to a few seconds to
yield a flow measurement with an accuracy of a few percent. Preliminary

studies at ANL using two gamma density gauges have indicated that such per-
formance is possible under conditions encountered in cyclone dip legs.

4.5.1.6 Charge Tagging Flowmeter

Background

Tagging methods include some of the oldest and simplest
methods for measurement of flow. A portion of the flowing medium or a parti-

cle suspended in it is recognized at an upstream point, often by virtue of
an artificially impressed tag, and its progress downstream is monitored. The

flowrate may be determIned from a measurement of the transit time as in the
particle or pulse tracking technique or from a measurement of concentration
or radioactivity level as in dye/chemical dilution or radioactive tracer
techniques. When they are feasible, these methods are efficient, rapid, and
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usually do not require calibration. In addition tagging can often be accom-
plished without entering the pipe, and many tagging methods can be applied to
one-component or to multicomponent flow.

Feasibility

An electromagnetic tagging method of flow measurement in
which charge is sprayed onto gas-entrained particles using techniques similar
to those used in a van de Graaff generator shows promise for measurement of
dilute phase flows. These charged particles then pass downstream to make
their presence known at one or more pickup electrodes by induction or charge
collection. The time of passage between two points a fixed distance apart
gives the speed of the entrained particles. Alternating polarities may im-
prove signal to noise ratio and prevent net charge buildup. The amount of
local charge buildup may convey information about the size and nature of the
particles, and the degree of formation of electronegative gas ions may give
information on oxygen concentrations.

4.5.1.7 Eddy Current Flowmeter

Background

The eddy current flowmeter2 0 is, like the electro-
magnetic flowmeter, based on Faraday's law of induction. An alternating
magnetic field created by a primary coil induces eddy currents in conducting
paths in the flowing medium. A secondary coil whose two sections of series-
opposed windings are located on the upstream and downstream sides of the
primary coil is adjusted to gv :,ero output voltage when there is no flow.
When flow occurs, eddy currents in particles flowing into the region of one
section of the secondary coil cause a net output voltage to appear across the
secondary coil. The eddy current flow'eter was developed at ANL for measuring
flow of liquid sodium at temperatures too high for electromagnetic flowmeters.
It is marketed by Kaman Nuclear.

Feasibility

This technique in theory would work when conductive
particles are flowing in a non-conductive medium, as in the case of hot char
flow in dense or dilute phase. Whether the char is sufficiently condiucting
will have to be determined.

This technique is feasible for measurement of flow in t6

HYGAS steam-iron hydrogen producer where flow streams contain large amounts
of iron metal.

4.5.1.8 Optical Flowmeter

Background

Fluid-borne particles can be recorded in situ (in a
light transmitting medium) by detectors, such as photographic film, yielding
shadowgraphs21 or holograms, depending upon the optical configuration. The
usual mode of particle detection using a holographic system has of necessity
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employed pulsed lasers. The resulting static holographic image can be dis-
played continuously by using a visible spectrum continuous wave (cv) laser in
the :mags reconstruction process.

The disadvantage to thin system is that it is not real
time and requires a dark-room region when making the initial exposure to avoid
fogging the fils. The advantage is that the hologram records the entire depth
of field allowing th, reconstructed image to be scanned for both in-plane site
and depth of field distribution (assuming the coherence length of the laser is
sufficient to cover the depth of field; typical coherence lengths are in ex-
cess of 1 meter). What is needed is a dual time system which would possess all
the desirable features of the static hologram.

The recently-developed system22 has been described which
is an initial attempt. meet this need. Shadows cast by the light from a
rapidly firing (60 pulses per second) ultraviolet laser are received on a UV
sensitive vidicon camera. The camera output is coupled to both a videotape
deck and a television receiver. The videotape recording allows the dynamic
action to be viewed at a later time at a slower rate or in stop action. The
system developed employs a variable focusing mechanism which allows the plane
of view through the flow field depth to be varied. The fundamental lack of
this system is that the depth of field cannot be made available at an instant
in time and thus a time dependent action in a cyclone could possibly be missed.
A rapidly moving film transport coupled to a pulsed-laser holography system
would allow dynamic flow fields, with complete depth of field, to be observed.
A system which would automatically process the film, in fixed segments, would
yield an almost real time system (approximately 15 minutes delay) with full
depth of field. Rapidly moving holographic film transport mechanisms have
been demon:trated for holographic movies. The development of such a system
would significantly improve the analysis of cyclone efficiencies and materials
balance studies.

The principle of measuring the Doppler shift of scattered
electromagnetic radiation produced by inhouogeneities in a moving fluid has
been applied in recent years to the measurement of flow. An experimental
floweter based on the Doppler shift of microwave radiation has been used to
measure the motion of suspension of polystyrene beads in water.23 Such a
device would not have su~ficient spatial resolution to be useful in monitoring
particle motion in the aertsol from a cyclone and would be leas applicable
than, say, an ultrasonic Doppler device in measuring slurry flow. However,
the advent of coherent light sources has made possible the application of this
kind of device in the optical regime.

In the laser Doppler velocimeter, 21 a laser beam is
focused into the spot at which the flow is to be investigated. Most of the
incident baa energy propagates undisturbed with unchanged frequency through
the flowing medium while a small part of the incident light is scattered in
bursts as the small particles move through the focus. The resulting Doppler
signal represents a random superposition of such light bursts which are inter-
ferometrically superimposed with the unshifted reference signal. This device
can be used to give a point-by-point velocity profile, but as with the laser-
imaging system just discussed, the depth of field cannot be made available
at an instant in time. The laser Doppler method can be made a real time sys-
tem more easily than can the laser-imaging method, but it cannot be used to
determine particle sire.
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Recent work by engineers at Environmental Systems Cor-
poration2 5 has shown that scattered eightt from a pulsed-laser source can
be related in a fairly simple way to particle size distribution and solids
mass loading in a gas stream. They currently market a line of instruments,
which operate at temperatures up to 650*F, based on this principle for moni-
toring of atmospheric dispersion of drift particles from cooling towers and
of stack gas particulates.

Feasibility

Several industrial laboratories have developed laser
scattering, interferometry, and holography techniques for measurement of
particle size distribution and total particle mass loading of gases. Up-
grading these systems to operate at the pressures and, especially, the
temperatures required for measuring particle entrainment in product and flue
gases in the coal plants will be difficult. However, Environmental Systems
Corp. and Leeds and Northrup believe they can extend their scattering instru-
wants into the necessary temperature range. Spectron Development Laboratories
is prepared to develop their interferometric system for operation in coal
plants.

4.5.2 New Techniques for On-Line Composition Monitoring

4.5.2.1 Neutron Capture Gamma Analysis

Background

When an atomic nucleus of a given element captures a
neutron, it becomes a nucleus of a different isotope of that element with an
excess of energy. This excess energy is usually carried away by one or more
gamy rays -- usually in the neighborhood of 3 to 8 MeV (1 MeV - 1.602 x
10-n Joules). Each element has a unique set of gamma ray energies

emitted upon capture of a neutron. Therefore a knowledge of the appropriate
characteristic gamma rays and the probabilities of neutron capture by several
elements permits the gamma ray spectrum to be analyzed for the relative
amounts of the different elements in a neutron-irradiated sample. Since
energetic gamma rays and neutrons travel large distances in matter, it is
possible to beam neutrons into the material in a pipe and detect the gamma
rays coming from it without modifying the pipe in any way.

The difference between neutron capture gamma rays and
gamma rays from neutron activation analysis is worth pointing out. The
initial stage is the same in both processes: a nucleus captures an addition-
al neutron and forms a new isotope with an excess of energy. However,
neutron capture gamma rays result from the transition of the nucleus to a
lower state of that same nucleus (a process which typically occurs within
10 i5 sec) while in neutron activation analysis the excited nucleus
decays by particle emission to an excited state of another nucleus (a pro-

cess characterized by half-lives of seconds, minutes, cr even longer) which
then emits gamma rays in the transition to lower states. In this latter
case, the delay seen in emission of the gamma rays is a result of delay in
the formation of the nucleus which emits the gamma rays.
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The number of gamma rays of a given energy emitted from
a sample will be proportional to the number of neutrons absorbed by the
appropriate element, the number of gamma rays of that energy emitted when a
neutron is absorbed, and the number density of the nuclei of that ele-
ment in the sample. The number of neutrons absorbed in an element is propor-
tional to the neutron absorption cross se-: ion a The number of gamma rays
emitted is given in published tables of I,t26-285 the number of gamma rays
of a given energy emitted per 100 neutrons absorbed in an element. The mass
density of an element divided by the ::ass of an atom, or the atomic mass A,
gives the number density. Since the mass density will be proportional to the
percent by weight, W, of the element in the sample, a response index which
gives relative expected gamma ray emission from a sample can be formulated as
aI W/A.

Feasibility for Measurement of CH.0.S, and Ash Content
of Streams and Vessels

A recent report by the Illinois State Geological Survey2 9

lists analyses for 101 different coals -- 82 from Illinois, 11 from the
eastern U.S., and 8 from the western U.S. Mean analytical values are given
for 23 trace elements (antimony, arsenic, beryllium, boron, bromine, cadmium,
chromium, cobalt, copper, fluorine, gallium, germanium, lead, manganese,
molybdenum, nickel, mercury, phosphorus, selenium, tin, vanadium, zinc, and
zirconium) and for 14 minor and major elements (aluminum, calcium, chlorine,
iron, magnesium, potassium, silicon, sodium, sulfur, titanium, carbon, hydro-
gen, nitrogen, and oxygen). Using these mean values for the weight percent-
ages, response indexes were calculated for the principal gamma ray lines of
all these elements. Table IV lists the elements, gamma ray energia, and
response indexes, assuming thermal neutron absorption, for all cases where
the gamma energy is greater than 1 MeV and the response index corresponding
to the mean concentration of that element is greater than 15% of the response
index of the principal line of carbon at its mean concentration. In cases
where more than four lines satisfy these criteria, only the four strongest
lines are listed.

The only trace element which satisfies these requirements
is boron, so interference from trace element contamination should not be a
problem. All the ash-forming elements except sodium, magnesium, and potassium
respond satisfactorily. Hydrogen has the greatest response index of any ele-
ment in coal, and a satisfactory response is indicated for carbon. Nitrogen
has too small a concentration to give a good response, and oxygen essentially
does not respond to this technique.

Small, portable neutron sources are available as
Californium 252, a spontaneous-fission source with a 2.65 year half-life
and a mean neutron energy of ".2 MeV.30 I3eutrons beamed into a coal-filled
pipe would be slowed down in the sample itself to the thermal region where the
absorption probabilities are generally very high.

Neutron capture gamma analysis has been tried for composi-
tion monitoring of various process streams both using a 2 52Cf source and a
14 MeV neutron generator.3 1,3 3  Sulfur, silicon, iron, hydrogen, and carbon
have been observed. However, there are many interferences among elements of
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TABLE IV. Predicted Reyponse of Elements in
Coal. at Mean Concentration to Neutron Capture

Gauia Technique

Gama Energy Response Inlex
Element (MeV) (Arbitrary U:its)

Hydrogen 2.223 163

Boron 1.889 0.98()

Ca rbon 1.261 0.581
3.684 0.633
4.945 1.33

Aluminum 7.724 0.226

Silicon 2.093 0.380
3.539 1.129
4.934 1.001

*Sulfur 2.380 1.672
2.931 0.840
3.221 1.018
5.420 2.220

*Chlorine 1.951 2.759
6.111 2.03E
6.620 1.291
7.414 1.100

Calcium 1.943 0.434
6.420 0.232

Titanium 1.381 0.583
6.418 0.325
6.760 0.481

*Iron 5.921 0.747
6.018 0.728
7.632 2.449
7.646 1.994

*Other gamma energy lines satisfy the response
index criteria, but only the strongest four
lines are given.
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interest which are not easily resolved when using a sodium iodide gamma
detector (as the above experiments did) because of its poor resolution.

Preliminary studies at ANL34 using a high resolution
lithium-drifted germanium detector indicate that the various peaks can be
resolved and unambiguous determination made of hydrogen, carbon, sulfur,
silicon, iron, aluminum, and calcium.

Neutron activation analysis has proved to be extremely
valuable for the detection of trace elements,3 5 but it involves the irradi-

ation (or activation) of a sample for a period of time followed by a period of
counting of the gamma rays from the decay-product nucl'ai. This counting is
usually done in a different location from the irradiation to reduce background

in the detector. Because the original energy has been partly carried away by
the emitted particles, the gamma energies tend to be less than 1 MeV. All of
these factors tend to make neutron activation analysis unsuitable for an on-
line continuous composition-monitoring system for material within a heavy pipe.
An exception is aluminum which is likely to become activated to a measurable
extent during irradiation for neutron capture gamma analysis with a 2.3 min-
ute half-life and emission of a 1.779 Mey gamma. This may be used to ad-
vantage for aluminum detection as well as for flow measurement by relating
activity measured down-stream to upstream activity, through the known half-
life, to givc the time of transit.

4.5.2.2 Fast Neutron Reaction Gamma Analysis

Background

Two other processes in which incident neutrons interact
with nuclei produce gamma rays which can yield information about material in
the sample. The first process is inelastic scattering in which the neutron
bounces off the nucleus but leaves it in an excited state. The nucleus prompt-
ly (in most cases) decays to the ground state with emission of gamma rays. For

this process to occur, the incident neutron uust have sufficient energy to
raise the nucleus to its first excited state.

The second process is a reaction in which the incident
neutron merges with the nucleus and a different particle, usually a proton or
alpha particle (helium nucleus), emerges leaving behtid a different nucleus in
an excited state. If this new nucleus decays to its ground state, prompt
gammas will follow; if the nucleus decays to another nucleus by particle emis-
sion followed by gamma emission from the product nucleus, it is referred to as
an activation process. In many reactions, there is a minimum (threshold)
neutron energy required.

Feasibility for Measurement of CHO,S. and Ash Content
of Streams and Vessels

Reasonably small, movable sources of 14 MeV neutrons are

commercially available.36  These operate b accelerating deuterons (2H nuclei)
onto a tritium (3 H) target. The reaction H + 3H + 4 He + n + 17.6 MeV occurs.
The na'tron carries away 14 MeV of the 17.6 MeV released.
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Inelastic scattering of neutrons from 12C and 160 may
be useful for coal analysis. The 4.43 MeV gamma from the first excited state
of 1 2C could be triggered by neutrons of energies above 4.80 MeV; the
6.05 MeV gamma from the 160 first excited state could be triggered by neu-
trons of energies above 6.43 MeV. The scattered neutrons from these and other
nuclei in the sample would be subject to capture as they thermalized just as
the neutrons from a 25 2Cf source so that the neutron capture gamma analysis
would be possible for the 14 MeV generator.

The reaction n + 160 - p + 1 6N with a threshold at a
neutron energy of 10.24 MeV is a very useful and sensitive method for detection
of oxygen.37 The 1 6N decays with a 7.4 sec half-life followed by the emis-
sion of 6.13 and 7.11 MeV gammas. This technique has been used for oxygen con-
centration analysis of process streams by automatic sampling.3 8 and its
feasiullity for on-line continuous oxygen monitoring of moving streams has been
demonstrated.39 The possibility of using this activity in flow measurement
(see Section 4.1.1) also exists.

The advantages of the 14 MeV generator over the 2 52Cf
source of neutrons are the possibility of oxygen detection and the fact that
the generator can be turned off. Disadvantages are the more complicated gamma
spectrum due to the larger number of gamma-producing interactions, the bulkier
source, and the greater amount of shielding needed for the higher energy neu-
trons. Sealed-tube neutron generators are available which eliminate handling
of the tritium targets by plant personnel.

4.5.3 New Techniques for Level Measurement

4.5.3.1 Acoustic

Background

See Section 4.5.1.1 for a discussion of acoustic trans-
mission and reflection at boundaries.

Feasibility for Liquid/Liquid Interface

The determination of liquid/gas interface level is con-
sidered highly feasible, subject to field determination of actual attenuation
due to entrained particulates, emulsified globules or gas bubbles.

The determination of liquid/liquid interface levels is
considered more difficult than liquid/gas, but feasible subject to the same
restrictions. Preliminary tests at ANL of acoustic reflection from clean oil/
water interfaces gave easily detectable reflections from the interface.

Non-penetrating high temperature ultrasonic transducers
based on current Argonne National Laboratory technology10 ,11 can be designed
to be mounted outside the pressure vessel in which the liquid is contained.
The electronics in commercial level gauges with reasonable modifications
should be suitable for the level determination.



29

It will be necessary to measure the acoutic/ultrasonic
properties of representative clean and "dirty" liquids and emulsions including:
acoustic velocity, attenuation, and impedance as functions of frequency, temp-
erature, and pressure.

Feasibility for Fluidized Bed Heights

Fluidized bed reactors represent a relatively new
technology. Hence, there are few instrumentation examples related to fluidized
bed reactor operation. The principal measurements to date are temperature
(using sheathed thermocouples in protective wells) and differential pressure.
The bed height fluctuates with the pressure and flow to the fluidizing gases.
The height-defining interface is not sharp, the density varying continuously
across the interface. Acoustic/ultrasonic methods must be considered as
exploratory attempts to establish feasibility.

Determination of the fluidized bed height by echo detec-
tion on the gas side (i.e., from the top) appears sufficiently likely to war-
rant an exploratory test. This would be a non-penetrating or non-contact
method. Other methods which would involve inserting solid rods into or
through the bed are not recommended pending further study.

Temperatures above 1200F (700*C) at the transducer
location will require study and possible transducer development.

4.5.3.2 ElEctrical Time Domain Reflectometry (TDR)

Background

Time Domain Reflectometry (TDR) is the process whereby an
energy pulse is transmitted and the time delay measured until the receipt of a
return echo. The energy pulse can be of an electromagnetic or acoustic origin
with an unspecified frequency. Common practice is to differentiate TDR from
RADAR in the electromagnetic spectrum by restricting the transmission medium
to solids or liquids and to differentiate TDR from SONAR by restricting the
application to a more confined medium; there are, however, still areas of over-
lap.

The time delay associated wLth the return of an echo pulse
is based on the velocity of transmission in the media and hence is dependent
on the properties of the media through which it is traveling. A requirement
on the echo pulse is that it must have sufficient magnitude and shape charac-
teristics to be distinguished from other extraneous sources of energy and to
provide adequate accuracy. The selection of the origin of the TDR energy
(electromagnetic or acoustic) depends on what properties of the media can be
used and what is desired from the measurement.

In electrical TDR for level measurement, a conducting
wire extends vertically from top to bottom of the vessel. The wire and the
vessel wall act as the two sides of a transmission line. An electrical pulse

traveling down the line will reflect at a discontinuity in the electrical
characteristics of the medium surrounding the wire.
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Feasibility

Work at the Pittsburgh Energy Research Center has demon-
strated feasibility of this technique for fluidized bed height measurement
on small systems.3  Further work is needed to determine if the accuracy
obtainable in large scale fluidized beds is satisfactory.

The electrical TDR technique is feasible for determina-
tion of liquid/gas levels and is likely to work for oil/water levels.

4.5.3.3 Conductivity

Background

Pairs of electrical probes on opposite sides of the
vessel and at various heights could be checked for conductivity through the
medium in the vessel.

Feasibility

Since the conductivity of water is much greater than that
of oil, this method would be useful for determining whether a pair of probes
was in water or oil. Small height differences between pairs of probes would
permit height determination, or the probes could be used in a switching mode
to maintain the interface between desired limits.

4.5.4 New Techniques for Temperature

4.5.4.1 Acoustic TDR

Background

See Section 4.5.3.2 for a general discussion of TDR.

Properties of liquids and solids, although not as well

behaved as those of gases, can be measured by acoustic TDR. Bulk modulus
properties of liquids and solid are related to the velocity of sound, c, by
the following equation: c k, k - relevant modulus, 0 * density. Thus,
if a wire containing sharp acoustic impedance changes is pulsed with properly
selected acoustic energy at two temperatures, one of which is known, and the
wire material properties are known, then the other temperature can be calcu-
lated. In the case of a longitudinal (extensional) wave in a wire the
usual important property that is related directly to the temperature is the
Young's modulus. For torsion waves the shear modulus would be the jarameter
of the importance. It should be pointed out there that it is not just the
simple temperature coefficient of expansion making the wire longer, that
gives a change in the measured time delay between the impedance-change points,
but it is a combination of changes, principally the elastic modulus changes
in the material, that result in the change in the speed of sound. Tempera-
tures have been measured in rhenium wire up to its melting point 5757F
(3180 C).4 0

Another point that should be made is that the TDR
technique is not restricted to conductors or even metals but also works with
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ceramics. Thus, adding ceramic technology to that of metal technology has
made possible an increase in the selection of possible materials to be used
as sensors.

One restriction on the use of acoustic TDR for tempera-
ture measurement is that the temperature measured is an average over the
acoustic path and restrictions exist on the ability of a designer to reduce
the path length beyond a given point.

A principal advantage of the method is that one or more
average temperatures can be measured by use of a single acoustic path. To
accomplish multiple measurements the acoustic path must contain changes in
acoustic impedance at the beginning and end of each desired temperature
monitoring segment. The multiple delay times can then be separated and
applied to each segment. It h.s been reported that 10 or more temperature
monitoring segments can be used. 4 1

For using solid acoustic conductors the selection of

materials depends on many parameters among which are:

1. The environmental conditions in which the tempera-
ture measurement is desired. One of the more important environmental condi-
tions is temperature. The range of materials that can be used at lower
temperatures is fairly wide but becomes more restrictive as the temperature
increases. Selections from available materials might include the following:
aluminum (to 1000F or 540C), stainless steel (to 2000F or 1100C), sapphire
(to 3000 F or 1650 C), iridium (to 4000F or 2200C). Other refractory metals
useful from 4000F (2200 C) to 6000F (3300C) include molybdenum, niobium,
tantalum, tungsten, and rhenium. Other important environmental conditions to
be considered include: Phase of the medium to be measured, pressure, chemi-
cal reactions including the presence of a reducing or oxidizing atmosphere,
acidity, erosion, electrical potential, solubility, and vibration. It should
be pointed out that protection of an otherwise good acoustic selection may
be possible by using a sheath material such as is commonly done for thermo-
couples. A distinct advantage of the use of acoustic techniques over the use
of thermocouples is that the electrical insulation considerations needed for
thermocouples may be neglected.

2. Size and shape parameters that are important include
the length of the temperature measurement path, the distance to the tempera-
ture measurement location, and allowable sensor size. The reason that size
and shape are important parameters is that the acoustic energy pulse is
transmitted through the material at a fixed frequency and the frequency
selection is dependent on the length, width, shape, acoustic impedance,
attenuation, etc., which are functions of size and shape. Some of the com-
siderations involved in selecting the right size and shape (and frequency)
include:

a. In general, high frequency signals tend to have
greater losses and attenuate more rapidly than lower frequencies so for longer
distance measurements lower frequencies are better.
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b. High frequency signals provide a higher accur-
acy for a given length of temperature sensing path by providing sharper time
pulses and the resulting increased measurement accuracy.

c. Mode conversion of the acoustic energy is
related to size and shape. That is shear, longitudinal and Rayleigh waves
can be irreversibly and inadvertently interchanged causing loss of signal or
severe errors in measurement. The different wave forms have different attenua-
tion factors and velocities through the same material.

In order to use TDR it is necessary to transmit and
receive an acoustic signal in an acoustic transmission media; to &ccomplish
this acoustic transducers are needed. Many types are available and the
selection of a particular type depends on the environmental conditions at its
intended location, the medium in which the transmission is to take place, the
desired frequency of the acoustic pulse, strength of the signal to be trans-
mitted and received, and coat. The types available include transducers that
operate both as the transmitter and receiver and those that operate only as a
transmitter or a receiver. The types are differentiated principally by their
basic principle of operation and include piezoelectric, electrodynamic, elec-
trostatic, and magnetoetrictive devices which can usually be used as both
transmitters and receivers. Other principles of operation include mechanical
impact or explosive devices as pulse generators and seismic or accelerometer
devices as receivers. Magnetrostrictive transducers are the principal devices
that have been used in the pulsing of thin wires used for TDR measurement of
temperature. An electromagnetic radio frequency (RF) pulse applied to the
magnetostrictive transducer induces an acoustic signal of the sam frequency
in the wire. The principal advantage of this type device is its ruggedness
and capability of producing high powered pulses. In general, piezoelectric
transducers convert electric charge to mechanical deformation and vice versa.
They are, in general, not as rugged and do not have the peak power capability
of magnetostrictive devices. The frequency induced by an electric signal
applied to a piezoelectric material is dependent on the frequency of the sig-
nal, structure of the piezoelectric material and construction of the trans-
ducer. For more general treatment of piezoelectric transducer design and
operation, standard texts and references on piezoelec~tric and ferroelectric
transducer materials and design should be consulted.

In general, electrodynamic and electrostatic devices
have not been used in high frequency (50 kiz to 5 MO1z) TDR measurements
involving solids. The mechanical impact and explosive devices are usually
used to create low frequency acoustic signals which are then monitored by
seismic or accelerometer devices.

There exists another possible measurement technique
which can be used in conjunction with acoustic TDR for monitoring temperature
but the accuracy, repeatability, and reliability are not usually as good as
time base measurements. The measurement basis of tie method relies on mori-
toring and comparing the aplitude of the return ecloes to determine the sig-
nal attenuation factor as it passes between two acoustic impedance change
points. The physical basis of the measurement is that the acoustic attenua-
tion of a given material is a function of temperature as well as other pro-
perties of the material and acoustic signal itself. The use of the attenua-
tion technique in conjunction with the normal time tae technique may provide
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additional information about the acoustic media through which the acoustic
pulse travels.

Feasibility

One of the advantages of the technique is that, by its
basic nature, it can provide an average temperature through a region by use of
a single lead, i.e., no multiple point measurements, requiring multiple leads
and averaging are necessary as is the case with thermocouples. It can be
packaged as a rugged unit that can withstand a severe and variable environ-
ment and it does not require high electrical insulation properties. The
principal length of time needed to make a temperature measurement is the
transmission time of the acoustic pulse from the transducer to and from the
impedance demarcation point. Typically the velocity of sound in liquids is
1,000 to 2,000 meters/sec and for solids is 1,000 to 5,000 meters/sec. Based
on these numbers alone, temperatures located over 1,000 ft (300 m) away from
the transducer could be monitored in less than 1 sec.

Note: Most current thin wire applications monitor
temperatures within the maximum limits of 20 to 30 ft of the transducer so
the selection would have to be made of transducer, frequency of operation,
and wire material and dimensions to accomplish the above measurement. The
degree of accuracy of the thin wire construction technique depends on the
physical dimensions of the wire between the impedance demarcation points,
frequency, and the accuracy to which the temperature can be related to the
speed of sound. Accuracies of 1% or better should be obtainable.

For the coal gasification or liquefaction processes,
reliable measurement and control of high temperatures may require averaged
and point temperature information. Averaged temperature information using
acoustics can be obtained across a flow channel containing a mixture of coal-
oil slurry and gas or along the inside or outside of a length of pipe. These
measurements coupled with point measurements may provide heat transfer infor-
mation on fouling factors or advanced warning of local hot or cold spots where
charring or plugging may tend to occur. By the potential adaptation and ap-
plication of reliable average temperature measurements techniques to the gasi-
fication process, it may be possible to obtain information, not otherwise
obtainable, for the scaling up of current size plants, e.g., information
related to heat transfer for the design of large scale economizers for use as
preheaters. Some materials, such as rheni'im, when using the ultrasonic thin
wire technique, have a potential to withstand high temperatures in hydrogen '.
and carbon environments; there may be other materials that can be used by the
same ultrasonic technique that can withstand, even better, the environment
in coal processing without encapsulation in a sheath. For some materials it
may be possible to weld (or seal) the thin wire directly into or through the
wall of the pressure vessel for leak tightness and then activate the sensor
by an external transducer to accomplish the temperature measurement.

5.0 RECOMMENDATIONS

In order to make automatic control of large-scale coal gasification,
liquefaction, and fluidized-bed combustion possible, it will be necessary to
begin substantial efforts in the areas of instrumentation development, valve
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development, and control scheme development as soon as possible. The program
schedule should aim for commercial availability of instruments and valves by
early 1981, or in five years, and the completion of detailed control schemes
by mid 1979 in order to be of use to the first demonstration scale coal con-
version plant (COALCON).

5.1 Mixed Phase Mass Flow Meters

In order to test and develop techniques for mass flow rate measurement,
it is necessary to have available representative flow systems for which the
flow rates and makeup of the stream are known and controllable. In order to
lockup up all the situations for which flow measurements are needed, it will
be necessary to constra'-t two circulating loops: a solid/gas loop and a
solid/liquid loop. The systems can operate at atmospheric pressure and pro-
vide for only moderate heating of the streams because the physical properties
being exploited in the measurements are not expected to depend strongly on
pressure or temperature.

The solid/gas flow test facility could consist of two circulating loops,
one of pulverized solid material and one of gas, which merge at a pneumatic
pickup and diverge in a cyclone separator. Dirty gas from the cyclone would
pass through a pump back to the pneumatic pickup. Solid material would fall
through the cyclone dip leg to a hopper from which it would be moved by a
screw conveyor to the pneumatic pickup. Four lines in the system would be
representative of lines in coal conversion and combustion systems: The cyclone
up leg (dirty gas flow), the pneumatic transport line (dilute phase solids
mass flow), the cyclone dip leg (dilute, actually able to approach dense, phase
solids mass flow), and the solids line to the pneumatic pickup (dense phase
solids mass flow). The gas flow could be controlled by the pump and measured
by an orifice or thermal flowmeter and the solid flow could be controlled and
measured by a rotary feeder at the bottom of the hopper. These devices would
be suitable here because of the ease of replacement after significant abrasion.
The solid/gas flow test facility could be scheduled for completion in five
quarters after start of the program.

The solid/liquid flow test facility could be a single loop in which the
solid/liquid mixture is pumped from a mixing tank by a positive displacement
pump through a test section of pipe and back to the mixing tank. The pump
would serve both to control and to measure the flow rate. The solid/liquid
flow test facility could also be scheduled for completion about five quarters
after start of the program.

Development of new techniques for mixed phase mass flow, described in
Section 4.5.1, should be started immediately. Conditions, as summarized in
the first three categories of Table II, range from solids densely packed in
fluids to gases containing unwanted entrained solid particles. Techniques
which show promise for these measurements are acoustic/ultrasonic (passive
and active); electromagnetic (eddy current devices for cases where the solid
particles are conducting, capacitive density measurements for solid/fluid
ratio measurements), time-delayed correlation of noise on spatially separated
measurements (ultrasonic transmission, gamma transmission, temperature, etc.),
tagging (radiation, electric charge, activation, etc.), and optical scattering
(for the entrained particulates case).
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Applications studies of electromagnetic flowmeters and thermal flowmeters,
described in Section 4.4.1, should be carried out. The estimated five year
cost of the program is $2.1 million.

5.2 Composition Ibnitors

Instruments should be developed or improved for on-line composition moni-
toring of process streams. In cases where elemental composition is desired,
the technique of neutron-induced prompt gamma radiation, described in Section

4.5.2, has much to recommend it because of the penetrating power of the
neutrons and of the typically high energy prompt gamma rays which permit
sampling of the material within a pipe without disturbing the flow.

For detection of the molecular composition of a gas stream, the mass
spectrograph and Zeeman effect atomic absorption, described in Section 4.4.2,
should be tested in coal process gas streams.

A number of instruments are available and in use now which can analyze
for various of the components of interest, but they all require diversion of
part of the stream (sampling) to the instrument and cooling, filtering, and
drying of the sample before analysis. The analysis itself usually requires
five to fifteen minutes for completion. It would be highly desirable to have
instruments developed which could truly operate on-line and analyze the mater-
ial without the preconditioning now required; a more nearly continuous opera-
tion and readout would also be an improvement. If it should prove too diffi-
cult to eliminate sampling and conditioning, then work should be done to
standardize sampling and conditioning procedures in order to make possible a
better correlation between the sample composition and the stream composition.
The five year cost of this task is estimated to be $2.0 million.

5.3 Level Detectors

Acoustic, electrical TDR, and conductivity techniques, described in
Section 4.5.3, should be developed for level measurement. Gamma density
gauges, described in Section 4.4.3, should be tested for monitoring fluidized
bed heights. Estimated five year cost of the task is $1.1 million.

5.4 Temperature Sensors

Acoustic TDR, described in Section 4.5.4, should be developed and appli-
cation of the thermistor strip and radiation pyrometer, described in Section
4.4.4, should be studied. The five year cost is estimated as $750 thousand.

5.5 Automatic Control

A single group should be given responsibility for developing mathematical
models for all processes, starting from existing studies, and evolving optimal

control schemes. The development should be completed by mid 1978 to permit
application to the COALCON plant design. Effort after that time would focus
on implementing the control schemes and updating them if necessary. The five
year cost is estimated at $600 thousand.
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5.6 Valve Development

Valves should be developed that can perform the actual control function
in the coal plants. Materials development will probably be necessary. No
cost estimate is given here.

5.7 Technical Information Exchange

Communciation among the people working on the various processes should be
increased so that they can benefit from one another's experiences and avoid
unnecessary duplication of effort.
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APPENDIX A

Data Sheets on Instrumentation Needs from the
Argonne National Laboratory Survey

Grouped According to Measurement Category

MEASUREMENT CATEGORY

DENSE PHASE SOLIDS MASS FLOW.. . . . . . . . . ..

DILUTE PHASE SOLIDS MASS FLOW . . . . . . . . . . .

DIRTY GAS FLOW - ENTRAINED SOLIDS MASS FLOW . . . .

C, H, 0, S, AND ASH CONTENT OF STREAMS AND VESSELS.

ELEMENTS IN GAS STREAMS . . . . . . . . . . . . .

MOLECULAR COMPOSITION OF GAS STREAMS. . . . . . . .

LEVEL OF OIL/WATER INTERFACES . . . . . . . . . . .

FLUIDTZED-BED LEVELS AND DENSITIES. . . . . . . .

TEMPERATURES IN REACTORS AND COMBUSTORS . . . . . .

TEMPERATURES OF VESSEL WALLS (HOT SPOTS). . . . . .

OTHER INSTRUMENTATION NEEDS . . . . . . . . . .

. . . . . .

. . . . . .

. . . . . .

. . . . . .

. . . . . .

. . . . . .

. . . . . .

. . . . . .

. . . . . .

. . . . . .
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DENSE PHASE SOLIDS MASS FLOW
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SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: -- N - Date: 10-28-75 -_Process: HYGAS

Scale: []PDU Pilot 0 Demo L Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Slurry feed mass flow at 1),2),and 3)

Reason Needed: Control of gasification reaction

Present Method of Determination: density by -ygauge; flow in 2) and 3) by Venturi's;
flow in 1) by difference.

Evaluation of Present Method: y gauge works well, pressure taps on Venturi's must be

purged and sometimes plug_ ___ _ __

Rangeof Possible Variation: 1 to 5 ft/sec; solids 30 to 50% wt.; liquid H0 or C6H
3 T/hr coal (%1.2 ft/sec)

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

10001500p siliquid Col
Pressure: -_ -5 psi coal loop to maintain

Temperature: ambient sohds in suspension

Composition: 30-50% wt. coal in H20 )(Venturi
H 2

or C H __ _ _ _ _ _ _ _ _ _ _

_o C6 6 e- 3 MUD 1

Density: 20-35_lbs ft3 coal ^ PUMP to slurry dryer
70 lbs/ft slurry rVenturi o

other: -1/ 8 "(<3mm)avg 60eh y density 2 mild steel pipes

-__-- -- gauge (scaleup ~^l2 )

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Lmitations on Packaging: --..

Impact of Instrument Malfunction on Process: _____

Accessibility for Maintenance:__

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

L Low LI Medium Q High [3 Very High

AP 123 (2 75)
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SURVEY OF COAL PROCESS INSTRUMENTATION

lnitiai : . - ____. Date: .Q10-8-" Process: -IYGAS
Scale. 0 PDU 6 Pilot 0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measued: _Mass flow iaIh. sLtSam-iron hyd r gtnaproducer __ _ - -__ -

Reason Needed:--____-- ------

Present Method of Detern.i.ation

Evaluation of Present Method:

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Prpcsure - X.Z.. flp si

0
Temperature 5F

Composition: SyFe-

Density- - -

Other

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements

Spatial Limitations on Packaging: -- - - - - -

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements

Ambient Condtions during Operation:

Other Considerations: - -- - --

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

U Low U Medium U High Very High

AP ' 23 (2 78)
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SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.0. Date: 10-28-75 Process: CO2 Arerptnr

Scale: 0 PDU 6 Pilot 0 Demo, 0 Commercial

CHARACTERIZATON OF THE MEASUREMENT

Quantity to be Measured: Char feed rate to the rpapnratnr

Reason Needed: Control of regeneration rate

Present Method of Determination:

Evaluation of Present Method:

Range of Possible Variation: '1600 lb b/hr (0.17 1hai/r))

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 150 p ig

Temperature: 1500QFQ_

Composition: char

Density:

Other: .<Aun

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance: --

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low 0 Medium 0 Nigh *Very High

AP.12 15-7S)
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SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.0. Date: 10-28-75 Process: IGAi

Scale: 0 PDU 0 Pilot 0 Demo ®1 Commercial (Braun

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Coal feed rate to gasifier

n-source)

Reason Needed: Process control

Present Method of Determination:_-

Evaluation of Present Method:

Range of Possible Variation: '1. 2x106 lbs/hr

Physical Conditions Associated with the Quantity
to be Measured

Pressure: 70-100 atm (1000-1500 psi)

Temperature: amb.

Composition: coal

Density: %28 lbs/f r3

Other: 70%-200 mesh (<125pm)

("4. 7 f t/sec)

Sketch with Container Dimensions/Materials

304SS

18
20

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements: ..-.-. .a.n.-..

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements: -

Ambient Ccnditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low 0 Medium 0 High M Very High

AP-123 (2.75)
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SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date: 10-28-75 Process: BIGAS

Scale: 0 PDU 0 Pilot 0 Demo E3cCommercial (Foster Wheeler-source)

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Slag concentration in flow from slag quen'h .erel

Reason Needed:_

Present Method of Determination:

Evaluation of Present Method:

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 200 - 1500 psig

Temperature: 30000 F

Composition:

Density:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

reliability and Lifetime Requirements:

Ambient Conditions during Operation: -

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

O Low QOMedium l$High OVery High

AP-123 (2.75)
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SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.0. - Date: 10-28-75 Process: Slurry injection

Scale: 0 PDU 0 Pilot 0 Demo J Commercial (C.F. Braun)

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Solids/liquid ratio

Reason Needed: Process control

Present Method of Determination:

Evaluation of Present Method:

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure:

Temperature: 500F(H0 slurry)

Composition:

Density:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low 0 Medium 0 High 1 Very High

AP-123 (2-75)



A-9

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date: 10-28-75 Process: Solids Mass Flow

Scale: OPDU 0 Pilot 0 Demo icCommercial (Foster-Wheeler source)

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Solids mass flow in solid/gas stream in g aif i rQ

Reason Needed: Process control

Present Method of Determination:

Evaluation of Present Method: Nothing satisfactory

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 500 psig

Temperature: 800 F

Composition:

Density:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low 0 Medium 0 High 6R Very High

AP-123 (275)



A-10

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date: 10-28-75 Process: SRC

Scale: 0 PDU il Pilot 0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Solids mass flow rate on coal input

Reason Needed: Process control and materials balance _..

Present Method of Determination: Gravimetric feeder

Evaluation of Present Method: Unsatisfactory because of small helt 1si. r gvariat inn

in coal size

Range of Possible Variation: -l. 1 lbs/sec

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 0 psig

Temperature: amb

Composition: iaw coal

Density:

Other: size e6mm

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements: 1%,

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Consderations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low EcMedium 0 High 0 Vey y High

AP-123 (2-75)



A-li

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date: 10-28.75. Process: SRC

Scale: 0 PDU IR Pilot 0 Demo U Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Slurry flow rate _

Reason Needed: Process control

Present Method of Determination: 1. Rotameter 2. Target meter 3. Venturi (horizontal1)

Evaluation of Present Method: Unsatisfactory because of 1) erosion 2) erosion, temperartre

sensitivity, inaccuracy 3) plugging of pressure taps

Range of Possible Variation: . 2 ft/sec

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 1000 psig-2000 psig

Temperature: amb.

Composition: 1/3 coal 2/3 solvent

1.503"by weight

Density: 20 lbs/ft3 coal %70 lbs/ft3

total slurry 2" schedule XX
Other: -80% - 200 mesh (,36,11)

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

o Low 0 Medium 0 High ELVery High

AP-123 (2-75)



A-12

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.0. Date: 10-28-75 Process: SRC

Scale: O PDU ® Pilot 0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Percent solids in slurry

Reason Needed: Process control

Present Method of Determination: None

Evaluation of Present Method:

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 1000 psig - 2000

Temperature: amb

Composition: 1/3 coal 2/3 solvent

before dissolving

Density: Rn70 lbs/ft3 slurry

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements: -

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:_ _ _

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

o Low 0 Medium I High 0 Very High

AP-123 (2-75)



A-13

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O Date: 10-28-75 Process: SRC

Scale: 0 PDU Q Pilot 0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Filter breakthrough - (Percent solids mPacuremPnt)

Reason Needed: Reduce downtime, control product quality

Present Method of Determination: Lab test of filtrate

Evaluation of Present Method: 01 hr lag

Range of Possible Variation: n.0 unless breakthrough .01-.0017 w- nl ids (nsollihl es)

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pessure: 130 psig_ _

Temperature: 6000F

Composition:

Density:

Other.

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial itations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Iviaintenance.

Reliability and Lifetime Requirements: -

Ambient Conditions during Operation:

Other Considerations:..

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low 0 Medium 0 High 1 Very High

AP-123 (2-75)



A-14

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N-0- Date: 10-28-75 Process: SRC

Scale: 0 PDU [M Pilot E Demo Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Solids flow rate of mineral residue

Reason Needed: Materials balance

Present Method of Determination: Gravimetric

Evaluation of Present Method:

Range of Possible Variation: ti 25 lbs/sec

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 0 psig

Temperature: ambient

Composition: ash,_ filteraid_ (diatomaceou,

earth and asbestos), undissolved coal

Density:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrume.. Malfunction on Process:

Accessibility for Maintenance: ____________________________________

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

O Low 0 Medium U High OVery High

AP-123 (2-75)



A-15

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O -. Date. 10-28-75 Process: SRC

Scale: D PDU [U Pilot 0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measfred: Solids mass flow ratre of SRC outpt

Reason Needed: recesss control & material s2hnlanie

Present Method of Determination: Cravjimntrir feder

Evaluation of Present Method: _-_

Range of Possible Variation: %. 6 lbs/sec

Physical Conditiors Associated with the Quantity Sketch with Container Dimensions/Materials

to be Measured

Pressure: Qpsig..

Temperature: ambient

Composition: coal-ash & S

solvent refined coal

Density:

Other: -__________ _____

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:_

Accessibility for Maintenance: ...

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low 0 Medium 1 High 0 Very High

AP 123 (2 75)



A-16

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date: 10-28-75 Process: COED

Scale: PDU [a Pilot E Demo Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Char feed stream solids mass flow rates (dense phase)

6 streams -_____

Reason Needed: Process control

Present Method of Determination:

Evaluation of Present Method:

Range of Possible Variation 20 lbs/ft dense Phase _in standleg
J lb/ft3 in pneumatic transport

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 0-15 psig
to 1st stage 3rd-4th 100 )F

Temperature: 1st to 2nd 650 F From 4th
2nd to 3rd 850 F 1600 F

Composition:

Density: ,20 lbs/f t3

Other: -_1/8 " to l<;am

bituminous coal

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process.

Accessibility for Maintenance:

ieiiability and Lifetime Requirements:

Ambient Conditions during Operation:

Otner Considerations'_______

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

o Low 0 Medium E High [3EVery High

AP 123 (2-75)



A-17

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date: 10-28-75 Process: Synthoil

Scale: 0 PDU 0 Pilot 0 Demo El Commercial (Foster-Wheeler source)

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Solids/liquid/gas mass flow to the reactor

Reason NAeded:

Present Method of Determination:

Evaluation of Present Method:

Range of Possible Var ation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 4500 psig

Temperature:

Composition:

Density:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low 0 Medium High 0 Very High

AP-123 (2-75)



A-18

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date: 10-28-75 Process: Synthoil

Scale: 0 PDU 0 Pilot 0 Demo Q Commercial (Foster-1

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Char and ash in product stream

Wheeler source)

Reason Needed: Quality control of product

Present Method of Determination:

Evaluation of Present Method:

Range of Possible Variation:

Physical Conditions Associated with the Quantity
to be Measured

Pressure: 4500 psig

Temperature: 8500F

Composition:

Density.

Other:

Sketch with Container Dimensions/Materials

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance: ____._ _

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations: _ ..__.__._.___.____

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low Q Medium 10 High 0 Very High

AP-123 E2-75)

I



A-19

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date: 10-28-75 Process: Liquefaction

Scale. 0 PDU 0 Pilot EDemo 0 Commercial (Parsons)

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Slurry mass flow - coal, char. o ash in oil or gaR

Reason Needed:

Present Method of Determination:

Evaluation of Present Method:

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 41500 psig

Temperature: <20000F

Composition:

Density:

Other: -20 to +200 mesh

(1.3mm to 1 . 3 g)

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

o Low 0 Medium 0 High QVery High

AP-123 (275)



A-20

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date: 10-28-75 Process: CPU

Scale: 0 PDU 0 Pilot 0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Mass flow of Alumina spheres ingranular f1ter Gynt-en

Reason Needed: Process control

Present Method of Determination:

Evaluation of Present Method: . -

Range of Possible Variaticn:

Physical Conditions Associated with the Quantity
to be Measured

Pressure: %60 psi

Temperature: 12-1500
0F

Composition: Al203 + dirt from gas

Density: -

Other: 8-12 mesh (3-2mm)

Sketch with Container Dimensions/Materials

fluidized bed + rapper
dirty .gas 

aht

bag hours

clean gasfibrous

10lOD insulation
5" ID alumina-

Alumina .. silicate fiber
12d1500F dense (Babcock 8

yphaseWilcox)

$ealrlegs
controlled by A/pn10tcli

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low [3Medium 0 High 0 Very High

AP-123 (2.76)

. . _. ... . . _ .___ __ _ ._
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A-21

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.0. Date: 10-28-75 Process: Flu~dj ed Comb.

Scale: 0 PDU 0 Pilot 0 Demo EJ Commercial (Foster Wheeler source)

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Solids/gas flow - mass flaw rate of solids in densc phase

Reason Needed: Process control

Present Method of Determination: __-

Evaluation of Present Method: Nothing satisfactory

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure:

Temperature:

Composition:

Density:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

o Low 0 Medium 0 High C& Very High

AP-123 (2-75)



A-22

DILUTE PHASE SOLIDS MASS FLOW



A-23

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date: 10-28-75 Process: HYGAS

Scale: 0 PDU IN Pilot 0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Overflow mass flow from sprnndstage hydrrngasifier to char gasifier

Reason Needed: Pxocess control

Present Method of Determination:

Evaluation of Present Method:

Range of Possible Variation: %0. 9 lb s/ sc sv P S' ft /sec

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 1000 psig

Temperature: 1600-1800 F

Composition: char

Density: 6 h/f t (est)

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance: In center of reactor

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN TH!S PROCESS

0 Low 0 Medium E@ High 0 Very High

AP-123 (2-75)



A-24

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.__ _ Date: 10-28-75 Process: HYGAS

Scale: 0 PDJ ER Pilot Demo U Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Mass flow rate in cyclone dip leg.

Reason Needed: Monitor cyclone operation

Present Method of Determination: None

Evaluation of Present Method:.-__

Range of Possible Variation: n=6 to 15 lbs/ft3 v=0 to 10 ft/sec up or down

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 1000 psi

Temperature: 500 to 6000F

Composition:

Density: 6 to 15 lbs//ft3 solids in gas

Other: size 100 mesh (2501m) to lym

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance: .100 ft vertical exposed pipe

Reliability and Lifetime Requirements:

Ambient Conditions during Operation: exposed to outside

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

U Low 0 Medium 0 High [R Very High

AP-123 (2-75)



A-25

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O- Date: 10-28-75 Process: BIGAS

Scale: D PDU 0 Pilot 0 Demo J Commercial (C.F. Braun source)

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Char mass flow in cyclone dip l a (4 of the

Reason Needed: JProcess control

Present Method of Determination: Th

Evaluation of Present Method:

ermal flowmeter

Range of Possible Variation: t2.23x105 l5 /hr (Tj.3 ft/oc)

Physical Conditions Associated with the Quantity Sketch
to be Measured

Pressure: 115 00 psi

Temperature. 800 - 10QQQ.-

Composition: 83.1%C, 16.2% ash,

Density: 1Q.5 1bs4.fz.t3.

Other: 70 Z-90Oms(12jm

-- 110 ft d1rap

- 5"
4-

with Container Dimensions/Materials

refractory
-18

-30"-

-carbon steel

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

O Low 0 Medium 0 High Q Very High

AP-123 (2-75)



A -26

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date: 10-28-75 Process: COED

Scale: 0 PDU [ Pilot 0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Char feed solids mass flow rate (pneumatic transport phase)

6 streams

Reason Needed: Process control

Present Method of Determination:

Evaluation of Present Method: %l lb/f t3

Range of Possible Variation: S4 f t/ sec

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials

to be Measured

Pressure: 0-15 psig

Temperature: amb. - 16000 F

Composition: char

Density: lb/ft 3

Other: <3mmn_ _

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations: See alternate measurement in dense phase

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

SLow El Medium E High ® Very High

AP-123 (2-75)



A-27

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.0- Date: 10-28-75 Process: ANL-_

Scale: ja PDU 0 Pilot 0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Limestone feed mass flow

- pneumatic transport

Reason Needed: Process control

Present Method of Determination: Weigh hopper

Evaluation of Present Method: Fair, but not applicable to large scale_ ysems with mult iple

feed lines

Range of Possible Variation: %10 lbs/hr, 70 ft/sec

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 150

Temperature: amb

Composition: limestone

Density: 14-171hs/ft

Other: .2 - 2 mm

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging: -- - _______ ____ ___ ____ _____

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

E Low 0 Medium E High l Very High

AP-123 (2.75)



A-28

SURVEY OF COAL PROCESS INSTRUMENTATION
N.O. 10-28-75AN

Initials: N___ __- . Date: 10-28-75_Process: ANL

Scale: E) PDU 0 Pilot 0 Demo O Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Coal feed mass flow

-pneumatic transport

Reason Needed: Process control

Present Method of Determination: Weigh hopper + pocket feeder

Evaluationof PresentMethod: Fair, but not applicable to large scale systems with multiple

feed lines

Range of Possible Variation: ,25 lbs/hr, 70 ft/sec

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 150

Temperature: amb. .

Composition: coal_

2 - ~ coal + air

Density: -3-43 4//ff

Other: 2mm--

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetire Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

o Low 0 Medium 0 High IN Very High

AP-123 (275)



A-29

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.0. -_Date: 10-28-75 Process: CPU

Scale: KJ PDU 0 Pilot L1 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Coal/dolomite mixture mass flow rate in ir pneiumati feedertn-

combustor_ - -- - - - - -

Reason Needed: P.rocess con troL ___

Present Method of Determination: Grav imetr i c

Evaluation of Present Method:

Range of Possible Variation: 40-50 1hs/ in solidci s , SO-60 lbs /mian aix (O5 f t /sec)

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials

to be Measured

Pressure: ( s

Temperature: AmbientLpipe

Composition: 2i3 coaLLLL/dolomitel_
2 2, but no

larger)
Density:

Other: -SIng1.4do v=

m- 4p4- on lien runi t --- ____ - -- ____ --__

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATCON FOR THIS MEASUREMENT IN THIS PROCESS

0 Low 0 Medium 0 High [a Very High

AP-123 (2-75)



A-30

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.0- Date: 10-28-75 Process: CPU

Scale: R PDU 0 Pilot J Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Solids mass flow rate in cyclone dip leg

Reason Needed: Process control, turbine protection

Present Method of Determination:

Evaluation of Present Method:

Range of Possible Variation: 12-17 lbs/min

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: '6\0 psi

Temperature: 1450 F

Composition: CaSO4 + ash

Density:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:..

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low 0 Medium 0 High [ Very High

AP-123 (2-75)



A-31

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N..0 - Date: 10-28-75 Process: _.ECPU

Scale: kPDU 0 Pilot C Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Ash f roha 2lumina spheres in cleanup section of granular filfter
Quantity to be Measured:__-

system

Reason Needed: Process control, turbine protecian-

Present Method of Determination: Impactors -

Evaluation of Present Method: oQt on-line, continuous

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: Q60 psi

Temperature: 12-15001

Composition:

Density:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:.--_--

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMETr OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

D Low 0 Medium IR High 0 Very High

AP-123 (2 75)



A-32

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.0. Date: _10-28-15. Process: EXXON

Scale: 1PDU Pilot Demo [ Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Masi flawin dipleg of cyclone spar tor-cr1Lshe s isufated_

limestone

Reason Needed: Process control

Preser.t Method of Determination: 1) Sight glasses 2) Thrrncnupi es P

Evaluation of Present Method: I) 2) nsa L F tory --

Range of Possible Variation: 30-60 _lbhsIftt , 70 lhs/hr

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: . 50 psig_

Temperature: 17000 _.__ _

Composition: suilf at ed 1imps one+ sh

Der ;ity: 30-60 lhs/ f t3

Other: <3mm

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low 0 Medium E High Q Very High

AP-123 (2 75)



A-33

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: __ -- __..._. __ _--_....Date. ._-0-28-7Z5_5_ Process: EXXON

Scale: Wk PDU Q Pilot Demo L Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: CQaI-limestfone feedma.Sfihw rate_

Reason Needed :Prvce sQcQontrl, material 1 balance_

Present Method of Determination: 1) Load cells on injectcrhnpper 2) Passiv-en_-i -

Evaluation of Present Method: 1) lnsatisfaertory for chrt term flictuat ons-or-multiple-lines

from.ghopper 2) Qmehathelpfulbutif reqienry analysis should .be insigated

Range of Possible Variation: AQb80 s/hrcoal .100 l hs/hr du lmiJ ntoQ0ft/sec

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 110 -at m (5 p9ig -

Temperature b

Composition. coal,.dolomiter

Density: IbsLI t _ - _

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging. ______ _ .

Impact of Instrument Malfuncticn on Process: -. ____,

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

o Low Q Medium Q High I Very High

AP-123 (2-75)



A-34

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: _.0. Date: 10-28-75 Process: Fluid Red Cnmbus inn

Scale: 0CPDU O Pilot 0 Demo KiCommercial (Foster Wheeler-source)

CHARACTERIZATION OF THE iviEASUREMENT

Quantity to be Measured: Solids mass flow in dilute__ phase

Reason Needed: -Process control

Present Method of Determination:

Evaluation of Present Method: Nothing sa tisf nI-ory

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Mater.als
to be Measured

Pressure:

Temperature:

Composition;

Density:

Other:--__ __

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements: - -

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

L 'ow L Medium 0 High C Very High

AP 123 12 751



A-35

DIRTY GAS FLOW - ENTRAINED SOLIDS MASS FLOW



A-36

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N. O. Date: 10-28-75 Process: COAccptor

Scale: E PDU ~i Pilot C Demo Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: S.lids mass f rate of the de---

Reason Needed: Mat

Present Method of Determination:

Valuation of Present Method:

Range of Possible Variation: _-n101bS1, SC 4gr-ains/sCF +10%--- - - - _y

Physical Conditions /'ssociated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: -150 psig

Temperature: __ Q000L

Composition: shar, ac epor, ash.

Density: 7gra ins/s cf

Other: c 0 7LmLI-8I__ -_ _

RES1iRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process.

Accessibility for Maintenance:

Reliability and Lifetime Requirements

Ambient Conditions during Operation: Ot eronideati-s

Other Considerations.: --

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

U Low U Medium LJHigh [3 Very High

AP 123 (2 751



A-37

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: _ N.O. . Date: 1028-75 Process: CO2Acceptor

Scale: D PDU L Pilot Li Demo L Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Solids loading of the recycle regenerator gas

Reason Needed: Prevent accumulation of recirculating acceptor fines

Present Method of Determination:

Evaluation of Present Method:

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Conta ner Dimensions/Materials
to be Measured

Piessure.

Temperature:Cp t

Composition

Density:. Oher

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements

Spatial Limitations on Packaging--- -----.----

Impact of Instrument Malfunction on Piocess'

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditir'os during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

o Low U Medium 1 High E Very High

AP 123(2 761



A-38

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.0. Date: 10-28-75 _ _Process: as cleanup

Scale: Q PDU Q Pilot Q Demo IJ Commercial (C.F. Braun)

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Particulate loading of gas streams

Reason Needed:

Present Method of Determination:

Evaluation of Present Method:

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 41000. sig

Temperature: 1000-2000 F

Composition: char, ash

Density: -

Other _ _ - - - -

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process;

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:R F V M F T N-T ME T H O

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low U Medium 0 High 13 Very High

AP 123 (2 75)



A-39

SURVEY OF COAL PROCESS INSTRUMENTATION

N.O. 10-28-75 COED
Initials: .. Date: Process:

Scale: E PDU Pilot L Demo S Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured. Flow rate in H recycle stream in the oil hydrotreating plant

R e a s o n N e e d e d : ' -t e r i n I s _ _h_-l-_c_

Present Method of Determination: .ump-d-i -,-cement & rpm -

Evaluation of Present Method: .- ___ _ ____

Range of Possible Variation 250O SC/hr.--__

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Material,

to be Measured

Pressure:

Temperature.-__

Composition: -- -- - -

Density

Other

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process.

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Oth r Considerat ons: .- --. __-- _ -- - ._ -- _ _

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

U Low iiMedium U High LI Very High

AP 1?3 (2 75)



A-40

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N-0.-.Date: 10-28-75 . _ Process: Liquef ac tion

Scale: C PDU 0 Pilot C Demo 6I Commercial (Parsons)

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Dust laden gas flow

Reason Needed: Process control

Present Method of Determination:-_____

Evaluation of Present Method:

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials

to be Measured

Pressure: <1500 psi

Temperature: 180

Composition:

3to4' dia.

Density: -

Other:____

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process.

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

[ Low 0 Medium 0 High 3&Very High

AP 123 (2 75)



A-41

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.0- Date: 10-28-75 Process: - ANL

Scale: ® PDU Pilot L Demo L Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Concentration and size of solid part it1 e in gases

Reason Needed

Present Method of Determination:

Evahation of Present Method:

.1 grain/SCF
Range of Possible Variation: 2pm . cst be ,.01 grain/SCF

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: .150 psig

Temperature:

Composition:

Density:

Other: _>99 n f particles > 2,.m -1m be

- removed - ______- -__ _--- _

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

L Low L Medium L High [E Very High

AP 123 (2 75)



A-42

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.0. Date: 10-28-75 Process: ..CPU

Scale: & PDU 0 Pilot 0 Demo E Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Particulate monitor for stack gas

Reason Needed: Monitor for failure of particle cleanup Ior turbine protection

Present Method of Determination: 1) Capacitive impurgement measurement

Evaluation of Present Method: 1) Problems with pressure across microphone & emperatr

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: -n psi
Now 900oF because

Temperature: 4-500 Fold turbine

Composition:

Density:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements: -__.___

Spatial Limitations on Packaging

Impact of Instrument Malfunction on Process.

Accessibility for Maintenance:

Reli.3bility and Lifetime Requirements:

Ambient Conditions during Operation: O h rC nid-to s

Other Considerations: ___..* -

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

C Low [1 Medium High Very High

AP-123 (2 75)



A--43

SURVEY OF COAL PROCESS INSTRUMENTATION

Initia's: .__- - -__. . . __ Date: 10-28-75___.. _- Process: CPU

Scale: 3cPDU Fl Pilot L Demo E Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Me:'ired: Particulate loading in flue gas to turbine

Reason Needed: Turbine protect ion

Present Method of Determination:

Evaluation of Present Method: - ______ __________________

Range o: Possible Variation: .1 to 1 lb/106 Btu (%.2_grain/SCF)

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 4 atm (60 psig)-- N

1600 I 9SS
Temperature: - 6-- F j

Composition: Ca ,SiFe,AL A

2026"

Density

Insulation
Other: (5pn most im

50 - pt_0.7U m

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Soatial Limitations on Packaging:

Iripact of Instrument Malfunction on Process:

Acessibility for Maintenance.

R pliability and Lifetme Requirements:

Ambient Conditions during Operation:-__

O her Considerations: ....

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

u Low u Medium 0 High Q Very High

. P 1?3 (2 75)



A-44

SURVEY OF COAL PROCESS INSTRUMENTATION

Initial s:- N.O' _- Date:._10-28-75 ___ Process: EXXON

Scale El PDU 0 Pilot L Demo 0 Commercial

CHAaACiERIZATION OF THE MEASUREMENT

Quantity to be Measured: Particulate loadiing of combustion gas

Reason Needed: Protection of turbine blades, materials balance _

Present Method of Determination. -Impactor sampler

Evaluation of Present Metho: Unsatisfactory - not continuous, sampling questionable

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 150 psig

Temperature: 17000F

Composition: char, ash, dolomite

Density:

Other: _ _-]

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:-,__ -

Impact of Inst rument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements: --

Ambient Conditions during Operation:

Other Conside, nations: .

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

El Low Li Medium El High 12 Very High

AP-123 (2-75)



A-45

SURVEY OF COAL PROCESS INSTRUMENTATION

N.O. Dte 10-28-75 _______________Initials: __.___.__D___t__:________-28-7__ __ Process: PER

Scale: PDU 0 Pilot 0 Demo E Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Part iculates in flue gas

Reason Needed: Process control,environmental.rotction

Present Method of Determination:

Evaluation of Present Method:

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured__-

Pressure.

Temperature:

Composition: CaSO ,char

Desity:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatia; Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

E Low E Medium 0 High E Very High

AP 123 (2-75)



A-46

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date:. 10-28-75 Process: Pressurized FBC

(Westinghouse-source)
Scale: 0 PDU 0 Pilot 0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Particulate loading of flue gas

Reason Needed: Turbine protection

Present Method of Determination:

Evaluation of Present Method:

Range of Possible Variation:

Physical Conditions Associated with the Quantity
to be Measured

Pressure: -

Temperature:

Composition:

Density:

Other:

Sketch with Container Dimensions/Materials

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging: -. ,__._..___._

Impact of Instrument Malfunction on Process: . .

Accessibility for Maintenance:

Reliability and Lifetime Requirements: -.. ...__ _._.__r.__..___ -

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low U Medium 0 High (3 Very High

AP-171 ( 70)

....



A-47

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. - Date: 10-28-75 Process- fluidCBedO~mbustion

Scale: 0 PDU 0 Pilot U Demo j7 Commercial (Foster-Wheeler-source)

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Particulate loading of gas

Reason Needed: TurLbine protection_____________________

Present Method of Determination:

Evaluation of Present Method: ._.-..

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials

to be Measured

Pressure:

Temperature:

Composition:

Density:

Other: ______

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:-_

Impact of Instrument Malfunction on Process:

Accessibility tor Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

U Low U Medium 0 High 6d Very High

AP-123 (2.75)



A-48

C, H, 0, S, AND ASH CONTENT OF STREAMS AND VESSELS



A-49

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.0. . Date. 10-2-75 Process: Coal preparation

Scale: QlPDU QUPilot Q]Demo ]Commercial (C. F. Braun)

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: C .0 oonnt of coal on-line or even rapidlahbtechnique

Reason Needed Pro ess a ntrL

Present Method of Determination:

Evaluation of Present Method

Range of Possble Variation:

Physical Conditions Ass rated wth the Quantity Sketch with Container Dimensions/Materials
t( oe M'asured _1

Pressure:

Temperature:

Coriposition: oal

Density.

Other: Ty--

RESTRICTIONS ON THE INSTRUMENT

Accuracy ano Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility tor Maintenance:

Reliability and Lifetime Requirements: .

Ambient Conditions during Operation;

Other Considerations:

PRIORITY F R DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

o Low 0 Medium ® High 0 Very High

AP 123 12 751



A-50

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date: __ 1 0 - 2 8 - 7 5  Process: .YAS

Scale: 11 PDU IW Pilot 0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to h Measured: Carbon-to-ash ratio in chastream from 1st stage an_2ndstage

hydrogasif ication

Reason Needed: Process control

Present Method of Determination:

Evaluation of Present Method: -

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 1000 psi

Temperature: 1200-1400 F

Composition: char _

Density.

O ther. - - - - - - - -- - - -

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements

Spatial Lmitations on Packaging: -

Impact of Insti ument Malfunction on Process.

Accessibility for Maintenance:

Reliability nd Lifetime Requirements:-.________

Ambient Conditions during Operation:

Other Considerations: -- - - . --

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low 0 Medium E High 1. Very High

AP 123 (2 7)



A-51

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials. ._N.- _. .. _-Date. - Process: HYG AS

Scale i PDU Q Pilot L Demo C Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quanteiy to be Measured Carhbn-to-ash .rati.a iii har . _v ream from- 2J4-staga hydrugx4  a

-ko har.siLation------------------ -

Reason Needed: Y- r Rcea- --ntrl

Present Method of Determination - - -

Evaluation of Present Method -

Range of Posuihle Vatsation -

Physical Condit ions Associated with the Quantity Sketch with Container Dimensions Materials

to be Measured --

Pressure 1UDQpAg - - -- 

Temperature 16O -1B00-

Composition char

Denrsty .6 lbs/ - t. -

Other

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requir ements.

Spatial Limitations on Packaging-

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance- In-renter of reactor
Reliability and Lifetime Requirements:

Ambient Conditions during Operation.

Other Considerations;. - -

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

O Low OMedium *0High OVery High

AP-123 12 751



A-52

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials ' 'O' .. Date: ._1--1 . Pc es flYAS

Scale U PDU C Pilot 0 Demo 0 Commecal

CHARACTERIZATION OF THE MEASUREMENT

Quar-tity to be Measured .Car btn- LC-ah r atln i. t a. r(fu.,h* .t -

Reason NeeoeJ .. I 're Cs.QjALnroL -

Present Method of Determination

Evaluation of Present Method

Range of Possble Variation

Physical Conditions Associated with the Ouaitity Sketch with Contarer Dimensons Materials
to be Measured

Pressure- - -

Temperature 1800-1900 k'

Composition -

Density

Other - - -

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements

Spatial Lemitations on Packaging

Impact of instrument Malfunction on Process

Accessibility for Maintenance

Reliability and Lifetime Requirements.

Ambient Conditions d- -ring Operation

Other Considerations - - - - - -

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

U Low OMedium (QHi U7Ver y High

AP 3n123IS



A-53

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials - Date -. 1O-2-75?_.. ... Process: .kYXGAi...._________

Scale U PDU W Pilot U Demo C Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured Sul Iur .onsent in thR-reUs h

Reason Needed _ Process control-___________ ___

Present Method of Determieation

Evaluatiod of Present Method

Range of Possible Variation

Physical Conditions Associated with the Quantity Sketch with Container DimensionsMaterials
to be Me.asured

Pressure - - -

Temperature 18-19000 F

Composton, -

Density

Other -.

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements --- _ -- __- _ --

Spatial Limitations orn Pack agrng --

impact of Instrument Malfunction on Pr xcess

Accessibility for Maintenance: ------ ----

Reliability and Lifetime Requirements

Ambient Conditions during Operation-

Other Considerations

PRIORITY FOR DEVELOPMeNT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

O Low 0 Medium kHigh OVery High

A 4 ) Il IS,



A-54

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: .N.O. - --._ -- Date 10-28-75 Process. HY GAS--

Scale (7 PDU 1 Pilot U Demo [ I Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured. : . '- n mpsQaiLLIn i .. Lha eL:am:-Irnn hiydrgen .pruduucexta,Ai,Si

Reason Needed. - ------- --- -

Present Method of Determination.

Evaluation of Present Method

Range of Possible Var;ation _

Physical Conditions Associated with the Quantity Sketch with Container DimensonsMaterials
to be Measured

Pressure: - --- --_- -- -

Temperature - - - -

Composition. AQL -

Denity - - - -- -- - ---- - -- - -- -- -

Density --- .

Other --

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements

Spatial Limitatons on Packaging - - - - -- - - - - -

Impact of Instrument Malfunction on Process

Accessibility for Maintenance . - -- -- - - -------- -- --- - - -- -

Reliability and Lifetime Requirements

Ambient Conditions during Operation --

Other Considerations -

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

[ Low OQMedium [ High C Very High

AP 7 2 75)18



A-55

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date: 11-4-75 Process: CO, Acceptor_

Scale: O PDU (3Pilot C Demo J Commercial

CHARACTERIZATION OF THE MEASUREMENT

Qubntityltobe Measured: Char/acceptor ratio in the gasifier and ocation of char-acceptor

interface

Reason Needed Gasification reaction rate control

Present Method of Determination:

Evaluation of Present Method_-

Range of Possible Variation

Physical Conditons Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure 150psi -refractoy /3 H20 jacket

Temperature.1500 F -40

Composition.char/i imestone 12-14C e
Com"'''*Commercial

________--59'ID

Density. 100' height
18 8" steel wall

Other -

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements.

Spat:al Limitatons on Packaging.__ --

Impact of Instrument Malfunction on Process

Accessibility for Maintenance:-___

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

L Low 0Mediiim U High 0 Very High

AP 123( 37S)



A-56

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O.- - Date: 1 [1-4-75 Process. CO A':ceptor

Scale: 0 PDU ® Pilot 0 Demo [CCommercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Chemniu'.L ; QupsiLo i _ Q Qma ezialin fa gAsif ier _a;d. reez taLQ_

Reason Needed'

Present Method of Detemination: - _ --- _-- - - -

Evaluation of Present Method.Rg f s l a t

Range of Possible Variation: -- -- *

Physical Conditions Associated with the Quantity Sketch with Container Dmensions Materials
to be Measured - -

Pressure: 15

Temprature 1500F

Composition

Density -

Othe -

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements

Spa'del Limitations on Pbckagiig --- -- -- - -

Impact of Instrument Malfunction on Process

Accessibility for Maintenance.

R e l ia b i l i t y a n d L if e t i m e R e q u i r e m e n t s:-._ -_ __ _ _ _- _ _ _ _ _ _ _ -

Ambient Conditions:during Operation

Other Considerations: -- __

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

O Low U Medium U High 0 Very High

AP 1 2 751



A-57

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials:- la----_ - .-- Date: -_11_4- 5Process: .4ggAS-

Scale []PDU 0 Pilot 0 Demo [ Commercial (C. F. Braun, source)

CHARACTERIZATION OF THE MEASUREMENT

Carbon to ash ratio in ash slurry
Quant it y t o be Measur ed --- -- - - ---- - - - - - - -

Reason Needed . - .-------- _-_

Present Method of Determ:nation

Evaluation t Present Methtd _

Range of Possible Variation - - - - -- -- ---

Physical Conditions Associated with the Quantity Sketch with Container Dmens ons Materials
to be Measuredr -- - -

Pressure 200-15U0psig

Temperature 1000

Compo..t i

Di'ist -.- - -

Uthe -. - - -

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements

Spatial L'mitations on Packaging.

Impact of instrument Malfunction on Process.Atn_-ydt

Accessibility for Maintenance: __ __

Reliability and Lifetime Requirements.

Ambient Conditions during Operation:

Other Considerations.

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

o Low Q Medium U High 0 Very High

AP 123 12 7b)



A-58

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.0_' _- Date: . 114 ____ Process COED

Scale: 0 PDU ®@ Pilot Q Demo G Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Volatile content of coal and char

Reason Needed: Process control -4aglomeratin temperature related to vo laie cnLent

Present Method of Determination.

Evaluation ot Present Method:

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container DimensionsMaterials
to be Measured

Pressure: . U-15 psiig

Temperature: -_amb. - 16000

Composition:

Density:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance

Reliability .,nd Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations: More important to this pracrs_ thri fixed

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low 0 Medium 0 High L Very High

AP 123(2 75)



A-59

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials .N,L _ -Date . Process. COED

Scale L PDU ® Pilot 2 Demo L Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured 0 content in the first stage reactor_(pretreater)

Reason Nceded .2must he sufficien to prevent caking, but decreases oil y ield

Present Method of Determination

Evaluation of Present Method Unsat isfactory

Range of Possible Variation--- - -------- - -------

Physical Conditions Assor-ated with the Quantity Sketch with Container Dimensions/Materals
to be Measured - - ---

Pressure- .c.5 p4g - -

Temperature -4z 0 -F - - - ---

Compxosition:

Density - ---

O ther - - - - - - - - _ _

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spat tal Limitations on Pack aging. __ __________ __________

Impact of Instrument Malfunction on Process;

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low U Medium 0 High L Very High

AP 123 (2 75)



A-60

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials:N___ ____ .. -. Date: 11-4- 75_ Process SRC

Scale: 0 PDU [B Pilot 0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to beMeasu ed: Sulfur content in process streams __ _

Reason Needed: } rocess control, environmental protection

Present Method of Determination: -Laboratory analysis of samples_ _ _

Evaluation of Present Method: Not on line

Range of Posible Variation: ._0.1 - 10%_

Physical Condions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: - .1000 psig

Temperature: <600 F

Composition:

Density'

Other: -.

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process.

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations: -- - ----- ____-__

PRIORITY PON DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

U Low Li Medium [3 High 0 Very High

AP 123 12 751



A-61

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date:11-4- 7 5  Process: ANL

Scale: ® PDU 0 Pilot 0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity tobe Measured: Sin regenerated limestone stream (future)

Reason Needed. Process control, environmental protection

Present Method of Determination:

Evaluation of Present Method:

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: '150 psig

Temperature: _17000F

Composition:

Density: -

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spat;sl Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility far Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low 0 Medium K) High 0 Very High

AP.123(2 751



A-62

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date:.._.11-4- 5. Process: AN-

Scale: l PDU 0 Pilot 0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured:CmpH

Reason Needed: Process control

Present Method of Determination: -

Evaluation of Present Method:

Range of Possible Variation: _

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to oe Measured

Pressure: 50-150 psig -

Temperature: amb. -1700 F -

Composition:

Density:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Consider tions:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS V .ASUREMENT IN THIS PROCESS

0 Low 0 Medium EHigh 0 Very High

AP-123 (27S)



A-63

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.0.-_ Date: 11-4-75 Process: EXXON

Scale: E0 PLU 0 Pilot 0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity :o be Measured: Sulfur content of regenerated limestone (future)

Rean Needed: Process control

Present Method of Determination:

Evaluation of Present Method:

Range of Possible Variation:

Physical Conditions Associated with the Quanity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 150 psig

Temperature: -17000F

Composition: -

')ensity:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Req'.irements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Cor:siderations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

o Low 0 Medium 0 High 0 Very High

AP 123)2 75)



A-64

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.0. -_Date:11-4-75 Process: CPU

Scale: @ PDU 0 Pilot 0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity tobe Measured: On line Ca, Ca/S, perhaps S & Fe content of dolomite

recirculating loop (future)

Reason Needed: Process control

Present Method of Determination:

Evaluation of Present Method:

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 6paig

Temperature: 17Of F

Composition: Dlinmite

Density:_

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance: -_-

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

O Low O Medium C High O Very High

AP-123 42 751



A-65

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: -_N.O' -. Date: 11-5-75 Process: CPU

Scale: ® PDU 0 Pilot 0 Demo O Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: On line Ca, Ca/S, perhaps S & Fe content in cyclnr dip lpg

Reason Needed: Process control

Present Method of Determination:

Evaluation of Present Method:

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to by Measured

Pressure. 6 pBig ij

Temperature: 14500F

Composition: sulfated dolomiteash

Density-I-12-17 lbs/m n

Other .

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements

Spat ial Limitations on Packaging -

impact of Instrument Malfunction on Process

Accessibility for Maintenance:

Reliability and Lfiteme Requremerts: -----

Amb-ent Conditions during Operaton

Other Considerations - - --- --- - -

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

A 116 , * Medium kJHoh JIVc y Hi

AP 7 27 i $i



A-66

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O- Date:11-5-75 _ Process: _PER

Scale: $) PDU 0 Pilot 0 Demo C Commercial (W. '!eich-ERDA-FE)

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Carbon to ash ratIO in Rtark prpc ip tanrs -esp.cIay rt.

carbon burnup cell________

Reason Needed: Process control

Present Method of Determi'iation:

Evaluation of Present Method:

Range of Possible Variation:

Physical Conditions Associated with the Quantity
to be Measured

Pressure: 0 1SIg

Temperature: 20000F

Composition:

Density:

Other:

Sketch with Container Dimensions/Materials

RESTRICTIONS ON THE INSTRUMENT

Ancuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requ rements:

Ambient Conditions during Operation:

Other Considerations:_-y-_ --_____

PRIORITY FOR DEVELOPMENT OF INS (RUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

CD Low 0 Medium U High 0 Very High

AP 122 12 Pi

J



A-67

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date: 11-5-75 Process: PER

Scale: ikPDU 0 Pilot 0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Carbon to ash ratio on input to carbon burnup cell

Reason Needed: Process control

Present Method of Determination:

Evaluation of Present Method:. _.....___ .

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 0 psig

Temperature: 15500F

Composition: char

Density:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging: ___ ... _.

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

O Low *0Medium OHigh OVery High

AP 123 (275)



A-68

ELEMENTS IN GAS STREAMS



A-69

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date: -11-4-75 - Process: -Meta s ---.

Scale: Q PDU Q Pilot ] Demo Q Commercial (C. F. Braun - Source)

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: PPM detection of metallic elements Ni,Fe,V

Reason Needed: Protec-ion of catalyst

Present Method of Determination: ._.

Evaluation of Present Method:. .

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimenb ins/Materials
to be Measured

Pressure: _

Temperature:

Composition.

Density: - -

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Reqarements.

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation

Other Considerations.

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

LJLow L[Medium UHigh O V.ryHgh

AP e2 2 ?f rI



A-70

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.0" - Date: 11-4-75 ,. _Process: _.EXXON

Scale: PDU E Pilot i Demo L Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Trace elements in effluents (Ph, Hg)

Reason Needed: Environmental protection

Present Method of Determination: None

Evaluation of Present Method:

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: -i0 psig

Temperature: Q1000 F

Composition:

Density:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations nn Packaging

Impact of Instrument Malfunction on Process.

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:-_

Other Considerations: .______ ,__ -_

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

o Low C Medium W High K) Very High

AP 171 42 751



A- 71

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date: l1-5-.7 Proces.: CPu

Scale: PDU 0 Pilot 0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Alkali vapsrR in turbin input

Reason Needed: Tutie alkalis up ft L 1

Present Method of Determination:

Evaluation of Present Method:

Range of Possible Variation: ppb rangy

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 60 pSi

Temperature: 1450_F

+ +
Composition: NaK

Density: _-

Other: _______________

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low 0 Medium OHigh fVeryHgh

AP 123 t1?71



A-72

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date: 11-5-75 Process: - Pressurized FBC

Scale: 0 PDU 0 Pilot 0 Demo Jl Commercial (Westinghouse)

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Alkali ion content of flue gas

Reason Needed: Turbine protection

Present Method of Determination:

Evaluation of Present Method:

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: <165 psig

Temperature: X2000

Composition: Na+,K

Density:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process-_

Accessibility for Maintenance: -___

Reliability and Lifetime Requirements:

Ambient Conditions durirvj Operation:

Other Considerations.

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low 0 Medium 0 High ® Very High

AP-123 (2.75)



A-73

MOLECULAR COMPOSITION OF GAS STREAMS



A-74

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date: 10-28-75 Process: 9C2 Acceptor

Scale: 0 PDU ® Pilot 0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity t' be Measured: Gas molecular composition

Reason Needed: Process control and materials balance

Present Method of Determination: Gas chromatographs

Evaluation of Present Method. Unsatisfactory because of calibration difficulty, fouling by

entrained fines

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 150 psig

Temperature: 15000F

Composition.

Density -_____

Other:_____ ___________

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low 0 Medium 0High 0VeryHgh

A. 13 1 2l i



A--75

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.0.-Date: 45.__ ....-. Process: CO 2 Acceptor

Scale: 0 PDU I Pilot Q Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Steam content of product gas

Reason Needed: - Materials balance

Present Method of Determination:

Evaluation of Present Method:

Range of Possible Variation: 2 0-4 0% by volume

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: -Jp&g - .-

Temperature: .1500F ----

Composition:

Density:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance: _

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low 0 Medium 0 High C Very High

AP-1 12.75)



A-76

SURVEY OF COAL PROCESS INSTRUMENTAPT!ON

Initials: N.O. -Date: _11-4-75 Process: COED

Scale: 0 PDU i Pilot 0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Molecular form of S in product ga, H21 C

Reason Needed: -

Present Method of Determination: None

Evaluation of Present Method:

Range of Possible Variation: .

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 10-15 psig

Temperature: 1600 F

Composition:

Density:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 I.ow 0 Medium EcHigh 0 Very High

AP-123 (2-75)



A-77

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date: 11-4-75 Process: COED

Scale: O PDU G Pilot 0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: SO2 in stack gas

Reason Needed: EPA requirements

Present Method of Determination:

Evacuation of Present Method:- jUreliable

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials

to be Measured

Pressure: 0 psis

Temperature: <1600 F

Composition:

Density:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements.

Spatiai Limitbtions on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low 0 Medium 91 High U Very High

AP-123 (2-75)



A-78

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date: 11-4-75 Process: SRC

Scale: 0 PDU i Pilot 0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Gas composition - ty rogeLrecycle

Reason Needed: Process cont rol,materjials balanc-

Present Method of Determination -1 On-line gas chromatograph. Beakr- Lh1O600 CO,CO2
(Beckman), 3) 02 (lockwood & McLorie)

Evaluation of Present Method: 1..2.3 Sat is ( ry results if sample remain a aar ambient

conditions, buttine lag in analysis and calibrarton are disa4v anr ag

Range of Possible Variatioi;

Physical Conditions Associate with the Quantity Sketch with Cont"-- er Dimensions/Materials
to be Measured

Pressure: ?1700psig

Temperature: 100 F

Composition:-

Density.:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process.

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low C Medium 0 High E Very High

AP 123 12 75'



A-79

SURVEY OF COAL PROCESS INSTRUMENTATION

S a . 11-4-7 75 EXXONintial$ *Date . - Process

Scale & PDU .: Pl tLmo .: Commer cal

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Meased Gas cor posit ion NO SO COs

Reason Needed roc ss-cont rol.env ironaernt ralprot e t Ion

Present Method of Determnatsoa 1 Infr'arcd 2) !o0jarpgraphic -

Evaluaton of Present Method - inut* cycle. continuou s P4 )1fa Zri'1iodi cUpdJdL by rc.vrder,

ample questionable .a'er e :eanufp colingi59j"Q029) ".). a 915stie remov l

Range of Possible /a' sat son -

Physical Conditions Assocated with the Ouantity Sketch with Container Dimensions Materials
to be Measured

Pressure -.. 5 .Psig_-- _-

~~ 1500 sF
Temperature100F

Composition 010 22!!p'

Density

Other

L

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements --- _ ---

Spatial Limitations on Packaging: -

Impact of Instrument Malfunction on Process

Accessibeility for Maintenance:

Reliability arnd Lifetime Requirements.

Ambient Conditions during Operation- - ____ -

Other Considerations -

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

U Low ti 1Medium KDHigh flVr- y High

AP 1 231:2 151



A-80

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials. L . -Date: ._4 5s_ -5-... _Process: CPU

Scale IWPDU C Pilot U Demo [3 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity tobe Measured Molecular composition of gas SO NO SO CO,_CO drocarbons

02, HCv

Reason Needed Process cont rol , env iron ment al prot ec t ion ____

Present Method of Determination flame ionization, infrared, wet chemistry(nothin at all__for

Evaluation of Present Method Nothing close to being acceptable with problems of sam p1 ing w.

H 0 and particle removal and coolin& and depressurization

Range of Possible Variation

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure 60 psig

Temperature

Composition. -- - -

Density --- -

Other

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements -_

Spatial Limitations on Packaging

Impact of Instrument Malfuncti ii on Process

Accessibility f'r Maintenance

Reliability and Lifetime Requirrrments

Ambient Conditions during Operation

Other Couisideat ions.

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

C: Low [C Medium 9 High I I Very High

AP 123 12 1i

HC



A-81

LEVEL OF OIL/WATER INTERFACE



A-82

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials N.O. Date _ _11-5-75 Process IiY.;AS.

Scale L PDU W Pilot uJ Demo [1 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured 011-wia er ._ nitgfa stIt L . a i-tpar LuZ iur..wdtLer andu lL

condensed out of the prgdut -

Reason Needed

Present Method of Determination

Evaluation of Present Method

Range of Possible Variation---

Physical Conditions Associated with the Quantity Sketch with Container Dimensions 'Materials
to be Measured

Pressure

Temperature:

Composition:---

Density: IJIghtrtha i 2  - -

Other. -_-__ ___

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging - _-_

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

U Low D Medium C High 0 Very High

AP 123(2 75)



A-83

SURVEY OF COAL PROCESS INSTRUMENTATION

initials N.l Date II - 75- Process CQED

Scale i PDU li Pilot Demo Commercal

CHARACTERIZATION OF THE MEASUREMENT

Quantity tobeMeasured )iI-weatter intertfa evel W.o d:LsAUt L. 4Whr _andLnse4dliquids

from process separate)

Reason Needed Separate oil If rom w.it er

Present Aethod of Determination

Evaluation of Present Method

Range of Possible Va'ation

Physical Cond'tions Associated with the Quantity Sketch with Container Dimensions Materials
to be Measur -d

Pressure

Temperature

Composition -- -- - -- - -

Spec if it gravity
Density -98 Ligh A heavy-

Othei

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements: .-

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:_ -_ - -- - _-.__---

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

[ 1 Low I I Medium EU Hiqh LF Very High

AP 1?3 1 /6



A-84

SURVEY OF COAL PROCESS INSi RUMENTATION

Initials . - Date I - -Process. -

Scale 0 PDU 64 Pilot Demo Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured Level of Wate r-oi l1 intrerface

Reason NeededProcess control

Present Method of Determination. 1) loafs 2) Level 9lass

Evaluation of Present Method All unsat isfactorybecause of similarity of oil and water in

1) density, 2) appearance

Range of Possible Var;at on

Physical Conditions Associated wth the Quantity Sketch with Container Dimensons Materials
to be Measured - - - --- - -

Prer.urc

Temperature.

Compositor'- --

Density -

Other Condict ivi _of oil_& wat e r

differ great ly ____- -___

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements

Spatial Limitations on Packaging .

Impact of Instrument Malfunction on Process

Accessibility for Maintenance.

Reliability and Lifetime Requirem?nts: -- _-

Ambient Conditions during Operation----

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

] Low U Medium W High Li Very High

AP 1232 75)



A-8 5

FLUID:ZED-BED LEVELS AND DENSITIES



A-86

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O . ____ . Date: 11-5-75 _Process:-HYGAS

Scale: a PDU ® Pilot U Demo H Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured. Fluid bed levels iwL ydrogasiiir

Reason Needed: Process control

Present Method of Determination: iDiurep- t il pr-essure -

Evaluation of Present Method: Fairr wo-Ld ike greater reliahb1iLy nnd accuracy

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: .-1000-1500psig

Temperature: 16-1800or

Composition: char

Density:

Other: -

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

o Low 50 Medium 0 High 0 Very High

AP 123(275)
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SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: . ,_A Date: - 1A6-75 Process: .YGAS

Scale: U PDU [3 Pilot U Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Fluid bed levels in the steam-iron hydrogen producers (futur4-

Reason Needed: .---- - ---.- - ---- -

Present Method of Determination:

Evaluation of Present Method:

Range ;-f Possible Variation:

Physical Conditions Associated with the Quant ty Sketch with Container Dimensions/Materials
to be Measured

Pressure: 1200 psi

Temperature 6500 F

Composite or.-

Density:

Other.

RES RICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process AccesibiityorMinte ance

Accessibility for Maintenance. .- ____ ___.______ ___

Reliability and Lifetime Requirements:

Ambient Conditions during Operation

Other Considerations: .- ----.- -- ___ -_-

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

O Low LSiMedium U High 0 Very High

AP 123 I7 765
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SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. ______.. Date: 11-6-75 Process: C __ED_

Scale: 0 PDU I Pilot 0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Uiaidized bed heights and densit- i _P_

Reason Needed: Process control - avoid carryLver

Present Method of Determination: Differential prns trp hrtwupn tnp and b n tprnr

Evaluation of Present Method: Works fairly well, could he imprnuad

Range of Possible Variation:

luidiing gas -. ft/sec
Physical Con iti ns Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 0-5 psig

Temperature. 65-16Q0 _ -

Composition. char

Density

Other. jsel wlls-1J2'' L!s--

In corrercial-refractory lining of 3) & 4)
RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging .

Impact of Instrument Malfunction on Process.

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations: -

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT Ii THIS PROCESS

0 Low f Medium 0 High 0 Very High

AP 123 12 7B
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SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N..- -_Date: 11-6-75Process: ANL
Scale: PDU 0 Pilot Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Flu zedbed height and--den --ty- - -

Reason Needed: Process conntrl

Present Method of Determination:

Evaluation of Present Method: .__..._._ ..

Range of Possible Variation: I0fLr

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 10 atm

Temperature: 1500-1700 0F

Composition: Ca/S ;_L2.. o-1.. .w

Density:

Other: .- Luu. i1O /eec

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations: -

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

o Low Et Medium 0 High 0 Very High

AP-123 (2 76)
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SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.Q.._Date: 11-6-75 Process: EXXON

Scale: gj PDU 0 Pilot 0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _ Fluidized bed height in combustor (& regenerator)

Reason Needed: Process control

Present Method of Determination: Differential pressure

Evaluation of Present Method: Satisfactory except for plugging pressure taps

Range of Possible Variation: v f luidizing (superficial) 10 ft/sec in comb. , 5 ft/sec in reg.

Physical Conditions Associated with the Quantity
to be Measured

Pressure: 150 psig

Temperature: 1700 0 F comb
2000 F reg.

Composition: Char/limestone P,5/l wt

in comb.; sulfated limestone in reg.

Density: . __TN N E R-

Other. ___

RESTRICTIONS ON THE INSTRUMENT

Sketch with Container Dimensions/Materials

Combuster Regenerator
24 18 steel

28'1

12.5 8.5
steel refractory refractory

(future use)

Accuracy and Precision Requirements

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance: ._____________ ___ __

Reliability and Lifetime Requirements:

Ambient Conditions during Operation.

Other Considerations:-- _____________

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

L Low ® Medium U High 0 Very High

AP 123(2 75)
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SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N,0. Date: J11-06-75Process: CPU

Scale: ® PDU Pilot Demo C Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: EJluidizd bed le..ls

Reason Needed:

Present Method of Determination: Differential pressure

Evaluation of Present Method: Alright except for plugging of .aps and leaks in sensing lines

Range of Possible '/ariation:__

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 60 psig

Temperature: 14500 F

Composition: coal/dolomite % 2/1 wt

in combustor

Densy:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging: _

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

O Low J Medium 0 High 0 Very High

AP 123 (2-75)
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SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.OQ ________________Date: 11-6-75Process fluid bud. iomhust ian

Scale: O PDU 0 Pilot 0 Demo l Commercial (Foster-Wheeler source)

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: FIuidizPd. bed level measuremenn __

Reason Needed:

Present Method of Determination:

Evaluation of Present Method:

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure:

Temperature:

Composition: --

Density:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

O Low 0 Medium 0 High 0 Very High

AP-123 (2 75)
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TEMPERATURES IN REACTORS AND COMBUSTORS
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SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. -___ _ Date: __11-6-5_ Process: BIGAS

Scale: OQPDU OQPilot EJDemo ®JCommercial (C.F. Braun source)

CHARACTERIZATION OF THE MEASUREMENT

Q u a n t i t y t o b e M e . .u r e d : T e m p e r a t u r e o f s t a g e 1 g a s i f i erRndet_

Reason Needed: Process cont rol, safe ______

Present Method of Determination:

Evaluation of Present Method:

Range of Possible Variation: 03000 F, cannot deviate >200 F from set p .

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: 150 sgH 20 pipes 500*F

Temperature: 30000 F------------ Stage1
5 gasifier

Composition: a

-_9 .12' ID

_______ slag
Density:- -*---- -

Other: efractory <I refractory
steel

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance-

Reliability and Lifetime Requirements:

Ambient Conditions during Operation.

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low C Medium 0 High [2 Very High

AP 123(2 75)
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SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. _ Date: .1-6-75  
-Process: BIGAS

(C.F. Braun-source)
Scale: O PDU [ Pilot [ Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Temperature in gasifier with rapid response for _AT 200OF

Reason Needed: Process control, safety __ __________________

Present Method of Determination. Thermocouples

Evaluation of Present Method: Response too slow

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure:

Temperature

Compostion:

Density: -- - -- - - - -

OtherL _____________

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

O Low OMedium 0JHigh [lVery High

AP-123 (2-75)
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SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.0. _ Date: 11-67 .._ _ Process: --. IHYGAS-

Scale: C PDU @ Pilot Demo Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Temperature a stage 2 hydrogasfaier

Reason Needed Process control_safeLy-

Present Method of Determination

Evaluation of Present Method:

Range of Possible Variation:

Phys, al Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured--

Pressure 1000-1500 ps i 9

Temperature. 18000 F

Composition:

Density -- --- _--

Other: _______

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:--- - - ----.

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:Am in C dto s u ngO r i n

Ambient Conditions during Operation

Other Considerations:...

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

U Low Li Medium bd High LI Veey High

AP-123(2 75)
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SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: :.-_ Date: 11-6-75 Process: EXXON

Scale: E1 PDU 0 Pilot 0 Demo U Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Bed temperature in comhbtstor (& rPgPnPrantr when operational)

Reason Needed: Process control, saffey

Present Method of Determination: ThermocoupI es (shathed)

Evaluation of Present Method: Satisfactory except for freqiunt fail 1 -rt r2-30 hrr ag time

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured C=combustor R=regenerator

Pressure: 10 atm (150 psig)

Temperature: 1700 F(C)20000F(R)

Composition:

Density .

Other: _________ --

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging: -

Impact of Instrument Malfunction on Process: --

Accessibility for Maintenance:

Reliability and Life'ime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low 0 Medium [ High 0 Very High

AP-123 (2 76)
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SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N-,-_Date: . 5.Process: P-R

Scale: 0 PDU ® Pilot 0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Temperature in furnace

Reason Needed: Process control

Present Method of Determination:

Evaluation of Present Method:

Range of Possible Variation: 1700-2000 F set pt. maintained to 200F

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure:

15500F except 2000 F in
Temperature: earben burnup el!

Composition:

Density:

Other: oxidizingatm. _ _ .. w

,minute response

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:_

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

o Low 0 Medium 6i High 0 Very High

AP-123 (2.75)
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TEMPERATURE OF VESSEL WALLS (HOT SPOTS)
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SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date: 1.-6.75.Process: Gasification

Scale: O PDU O Pilot O Demo ® Commercial (C.F. Braun)

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Hot spots on unjacketed vessels

Reason Needed: Saflty

Present Method of Determination:

Evaluation of Present Method:

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure:

Temperature:

Composition:

Density:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low 0 Medium Q High 0 Very High

AP.123 (2.75)
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SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.0- Date: 11-6-75 Process: -CPU-. -
Scale: 0 PDU E Pilot Q Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Hot spots on and in v RAsls

Reason Needed: Safety

Present Method of Determination: 1) Thermncoupl _ ki 2T ri

Evaluation of Present Method:LL Limited.by.ra.to b Over d)1 and Utrongly6affe4ted

by ambient conditions

Range of Possible Variation:

Physical Conditions Associated with the Quantity
to be Measured

Pressure: 60 psig internal

Temperature: 1450 F internal

Composition:

Density:

Other:

Sketch with Container Dimenbions/Materials

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

o Low 0 Medium High 0 Very High

AP-123 (2 75)

---I
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SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: -N. __ ___ _Date: 11-6-75 Process: EXXON

Scale: K] PDU 0 Pilot 0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: 1) Integrity of ceramic liner of combustor or 2) location of hot, spots

Reason Needed: Protection of vessel, safety

Present Method of Determination: 1) None 2) Temperature-sensitive paint

Evaluation of Present Method: 2) Too slow, depends also on external conditions

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure:1_

Temperature: 1700-20000F internal

Composition:_

Density:

Other.

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Jther Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low 0 Medium M High 0 Very High

AP 12: (2 ;
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OTHER INSTRUMENTATION DEFICIENCIES
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SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.0. Date: 11-6-75 Process: SRC

Scale: PDU Pilot Demo Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: P resaury in esse s & _ heaters - (real probl em)Res nN d :- -.

Reason Needed: Prl~cess control __

Present Method of Determination: Buirdfn tub bes, moving diaphragm

Evaluation of Present Method: Unsatisfactory baausofatL pl1gging and sol idification

Range of Possible Variation: 1000-2000 psi

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured

Pressure: _1000-2000 psig

Temperature:

Composition; -

Density: ____ _

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatal Limitations on Packaging:-

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations. Pc s-st reamns-o 1ify-.t L400F - -

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

E Low E Medium NR High E Very High

AP 123 12 75)
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SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date: 11-6-75 - Process: SRC

Scale: 0 PDU I Pilot U Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Liquid flow of dirty streams

Reason Needed: Process control

Present Method of Determination: 1) Turbine meter 2) Orifice meter

Evaluation of Present Method:- 1) Unsatisfactory, bearings fouled 2) Fairly snt ifantory,

but erosion problem

Range of Possible Variation: 0.1 to 10 ft/sec _____________

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured____

Pressure. __.-1000 psig

Temperature: amb - 850 F_

Composition: solid part icles_2Lm_

Density.

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements

Spatial Limitations on Packaging: -- - - -

Impact of Instrument Malfunction on Process: --

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations: -

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0 Low 0 Medium ® High 0 Very High

AP-123 ;2 75)



A-106

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N -A --. Date: .11.675Process: SRC

Scale: 0 PDU [ Pilot O Demo [ Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Location of plug due to solid if icat _on fL1liqui d prnesstream

Reason Needed: Reduce down time when plug occurs

Present Method of Determination: None

Evaluation of Present Method:

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials

to be Measured

Pressure:

Temperature:

Composition: -

Density _____- --- --

Other

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements

Spatial Limitations on Packaging

Impact of Instrument Malfunction on Process

Accessibility for Maintenance:

Reliability and Lifetime Requirements.

Ambient Conditions during Operation

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCE ;S

0 Low CJ Medium ERHigh [ Very High

AP 123 12 751
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SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: . _ _ - Date: 11-6-75. -Process: CPU

Scale: IN PDU 0 Pilot L Demo Q Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _Abrasive wear onjipes and deflect. in alumina head circnjat ion

in granular filter

Reason Needed:Sa fety

Present Method of Determination:

Evaluation of Present Method: Range ofPossibleVariation:

Range of Possible Variation: ___ -

Physical Conditions Associated with the Quantity Sketch with Container DimensionsMaterials
to be Measured

Pressure 60 Ps6___p_

Temperature 12-1500 F_

ComAposition A 0 +ash

Density -- -

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements :-Spatial-Lmitations o Packaging

Spatial Limitations on Packaging: -. .-

Impact of Instrument Malfunction on Process

Accessibility for Maintenance: --

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:-- ------- - - -

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

Li Low LI Medium J3 High 0 Very High

AP 1231(2 75)
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1. INTRODUCTION

This report presents the results of a study performed by Fluor Pioneer

Inc. in cooperation with Dr. N. M. O'Fallon of Argonne National Laboratory.
The purpose of the study was to perform the first and second phase of a four-

phase ERDA sponsored program undertaken by Argonne National Laboratory. That
program seeks to ascertain areas of instrumentation requiring research and

development effort for application to large-scale coal conversion projects.
Further information about that program can be found in the March 26, 1975
letter from Mr. F. W. Foster, of Argonne National Laboratories to Fluor

Pioneer Inc.

The first two phases of this program required review of instrumentation
currently applied to five pilot plants, each plant utilizing a different coal
conversion technique. The large number of instrument devices involved and
the amount of information applicable to each device suggested the mechanism of
utilizing a computerized data record for handling and manipulation system for
this study.

Fluor Pioneer Inc.'s computerized Instrumentation Data Record System was
adapted to the purpose of this study. The basis of this system is that a
record is created for each device reviewed, containing up to fifteen items of
information about that device. The system can be operated in a search mode
for records with entries which satisfy selected logical statements. This
feature was utilized in this study to pin-point data which responds to the
basic questions posed by the first two phases of this program.

2. SUMMARY

2.1 The first and second phases of the ERDA program are:

2.1.1 Evaluation of the projected usefulness in demonstration and
commercial scale plants of instrumentation currently used in pilot and sub-
pilot scale systems.

2.1.2 Evaluation of the projected usefulness in demonstration and
commercial scale plants of commercial instrumentation that is currently
available or under development but not now used in pilot or sub-pilot scale
sys tems.

2.2 The results of our study are summarized as:

2.2.1 Instrumentation now in use on pilot and sub-pilot scale
systems generally are suitable for use in demonstration and commercial scale
plants, except for:

2.2.1.1 Level of fluidized beds

2.2.1.2 Flow of slurries and aerated slurries

2.2.1.3 Level of slurries and aerated slurries

2.2.1.4 Passage of or location of interfaces in oil/water/tar
vessels or lines.
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2.2.2 Commercial instrumentation currently available, or under
development, not now used in pilot and sub-pilot .,ale systems may require

further research and development to satisfy the exceptions given in paragraph

2.2.1 above.

2.3 As a result of our study and experience, we make the following

observations and recommendations for your consideration:

2.3.1 Documentation of instrumentation schemes and characteristics

appear to be deficient in the five plants in this study. We recommend that

standards for this documentation be developed and enforced on future projects

relating to ERDA sponsored development processes, including requirements for
updating documentation to accurately reflect post-commissioning revisions.

2.3.2 Our observations and recommendations about specific problems

are given in Section 6 of this report.

3. INTERPRETATION OF DATA RECORDS

Two sample data records are presented here for explanatory purposes. The

date in the upper right-hand corner of the record is the date the record was

printed. The Device ID Number is also printed in the upper right-hand corner.
Fifteen types of information may be entered into the record. These are listed

under the column heading "Description". The information actually contained in
the record is listed under the column heading "Information", the date the
record was created is listed as "Original Entry Date", and the date of the last

revision to the record is listed as "Revision Date". Asterisks in the left-

hand column indicates the items of information changed during the last
revision. The remainder of the record format is self-explanatory.

The information entered into "Review (Yes/No)" is to be interpreted as
follows:

NO means no further review of this instrument is required as our
evaluation shows this application should be acceptable in scaled-up plants.

YES means further review was required to establish the evaluation.

The area identified as worthy of further review is then found in the next line
of the record.

The sample data record presented here illustrate the above discussions.

4. DISCUSSION

4.1 A total of 4,569 instruments were examined for potential problems

in large scale coal conversion application. Of these, 92.6% were evaluated

as being of no foreseeable problem in scale-up application. The remaining 7.4%
required further examination before a meaningful evaluation could be made.

4.2 Proess Application:

Instruments shown on Process Flow Sheets which were reviewed, were

well applied within the limits of technology when purchased. However, in each

case, the instrument's function was carefully weighed against process require-

ments.
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4.3 Appropriateness of Measurement Application:

This second evaluation gave rise to some observations about
instrument application techniques which, though acceptable for pilot or sub-
pilot plants (in which production and efficiency are not the primary concern),
would not be suitable for scale-up production plants. For completeness, the
observations are included, even though not part of the study scope, and are
given in Section 5 of this report.

4.4 The Second Evaluation Approach:

The approach used for the second evaluation of any instrument
device was primarily a subjective one, and relied on engineering judgment
about the potential problems involved in scale-up applications. Unusual

problems arising from combinations of process requirements were found. For
example, the requirement for flow measurement of an abrasive gas (vapor)-
particulate mixture (as in the CO 2 Acceptor Plant) is discussed in paragraph

6.1.3.

4.5 Second Evaluation Results:

The results of this second evaluation are given in Section 6
of this report and are categorized by plant, and by physical parameter

(measurement).

In several cases, instrument problems for the existing plant
were found to be irrelevant for scale-up plants because the instrumentation

related to process development efforts rather than to research needs. For
example, we learned that many of the devices used on electric heating elements
in the pilot plant were there to solve operational problems (coking, etc.) on
the heaters. See paragraph 6.1.2.

It can be anticipated t ~ stringent operational requirements
for a scale-up application may give rise to instrument applications not of
concern on pilot plants. For example, the large quantities of potentially
hazardous materials will require numerous devices to automatically initiate
protection systems upon detection of significant process deviations. These
deviations may occur as a result of equipment failures, operator error, or
external events.

The primary areas of concern which may require further research
and development effort are felt to be:

4.5.1 Responsiveness to changing safety codes in fired vessels

and furnaces.

4.5.2 Response to changing environmental requirements. These
points are not further addressed in this report.

4.6 Suggestions for devices that may be used in scaled-up plants:

The following list of manufacturer's data sheets provide data on

some current "State-of-the-art" instruments that in our judgment may be
scaled-up. To actually review and suggest specific applications for each of

the suggested instruments would take much more time than the present study
permits.



B-7

4.6.1 Manufacturer's Data Sheets

Alloy Engineering Co., Inc.
Amiprodux
Arcas Division Anacon
Barton ITT
Barton ITT
Barton ITT
BLH
Concept Engineering
Controlotron Corp.
Sigma
Environmental Products

Extranuclear Laboratories, Inc.
Flow Technology
HYDE
I. C. Transducers, Inc.

I rcon

Ion Track Instruments, Inc.
Kay Ray, Inc.
Kistler
Lebow

Nusonics

Solat ron/Solart ron
Standard Controls, Inc.

Teledyne
Transducers, Inc.

Viat ran
Wahl
Wesmar

Thermowells
Level Instrument
Process Chromatograph
Sulphur Titrator
Density Gauge, Mass Flow
Flowmeters
Strain Gauge Transducers
Non-Contact Temperature
Clampftron Flowmeter
Fuel Gas Colorimeter
Stack & Atmosphere
Monitors
Mass Spectrometer
Flow/No Flow Switch
Oil/Water Separators
Piezoresistive
Transducers
Non-Contact Temperature
Measurement System
Trace Gas Chromatograph
Level Monitors
Piezoresistive Transducers
Load Cells
Sound Velocity Density

Measurement
Density by Sound
Bonded Strain Gauge
Pressure Transducers
Gas Analyzers
Bonded Strain Gauge
Pressure Transducers
Strain Gauge Transducers
I. R. Thermometers
Ultra Sonic Level and Flow

4.6.1 Data not included, but recommended:

Schaevitz Handbook of Measurement and Control.
Available from: Torkelsort Associates (312) 446-9085

The Bell and Howell Pressure Transduccr Handbook.
Available from: CEC Division (312) 298-2450

Envirometrics
Specializing in: No 2 , NOR, CO, SO2 , H2 S Emissions

13311 Beach Avenue
Marina Del Ray, Calif. 90291

(213) 821-4918
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Multi-Gas Mass Spectrometer

Perkin-Elmer Corp.
Industrial Instruments Division

Pomona, Calif.

Local Rep. may be called at 495-3700

4.7 Development Required:

There will be development, or improvement of existing instruments
required. In Sections 6.1 thru 6.5 below, analysis of our second evaluation

suggests approaches; but realization of the physical size of projected coal
conversion process vessels mandates that P completely different approach
should be considered as an alternative.

Our review has spotlighted two (2) problem areas which are fully
documented in Sections 6.1 thru 6.5. They are:

A. Fluidized Bed Level Detection and Measurement.

B. Oil/Water/Tar Interface Detection and Measurement.

5. SUMMARY OF OVERVIEW OF PROCESS APPLICATIONS

5.1 The coal conversion processes examined provide examples of a
number of conditions which make for problems in Instrument and Control
Applications. They are:

5.1.1 Gas/liquid slurry transport. Basically the fine ash, coal,
dolomite, and lignite are abrasive. No matter what the transport medium is,

gauge tap plugging is a certainty, in the long run. Coal crushing and grinding
areas are hazardous, from a spark or ignition viewpoint.

5.1.2 Fluidized beds have physical properties that make for measure-
ment problems. Differential pressures across the bed will seldom prove any-
thing but erratic, since the density of the fluid bed will vary with time.
Moreover, devices to "look down" at the fluidized bed surface will find
interference from coal dust oc lignite dust and/or coal gas vapors, which

distorts readings. Some means of volumetric averaging (perhaps by using many
more individual measurement) seems required.

5.1,3 Coal conversion process products, oils, tars, etc., generally
are fairly dirty (i.e., laden with suspended solids). Decanters and separators
are used to separate output product from condensate and quench fluids. The
suspended matter interferes with detection of the oil or tar/water interface.
Normal oil processing densitometers or capacitance interface detectors may
have to be improved to provide separation action.

5.2 This table summarizes areas in which operations personnel have
expressed concern about the suitability of the installed instrumentation:
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CO2
COED Acceptor SRC Synthane HYGAS

Solids/Mass Flow Rate X X X X

% Solids in Slurry - (Density) X X X X X

Oil - Water Interface X

Bed Heights X X

Bed Density X X

H2 Flow Rate X

02 Analyzer X

SO2 Stack Gas X

H2S/COS X

C/Ash Ratio X

Sampling Technique X X

Chromatograph Improvement X

Fe/H2 /Steam X

Slurry Melting Point X

D/P Interpretation X

Char/Acceptor Proportion X

Thermowell Failure X

6. DETAILED DISCUSSION OF SECOND EVALUATION RESULTS

This section discusses the computer listings of the five sets of instru-
ments on which second evaluations were made. These are broken down by plant
sets as follow:':

6.1 COED

6.2 C02 Acceptor

6.3 Synthane

6.4 SRC

6.5 HYGAS

6.1 COED.

Instruments Reviewed and Comments.

6.1.1 ANALYZERS, Pyrolysis and Recycle Gas.

Recommend standards for sample conditioning and instrument
sensitivity.
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6.1.2 FLOW to and Control of Electric Heaters.

The problem with electric heaters is dropped from further
review. Other heat transfer methods would be used for large scale plants.

6.1.3 FLOW TRANSMITTERS.

Pyrolyzers Fines, Recycle Gas, Pyrolysis Gas, External Cyclone
Fines Flow, Raw Coal Flow. Flow ideally should be reported in mass flow units

(which would relate well to plant materials balance). Measurement techniques
which should be considered are: nuclear gaging for density, sonic up and down

stream velocity measurement, sonic leading edge flowmeters which may be clamped
on to the pipe (or which provide a low (or nil) profile) for abrasion

resistance to the process media. In the COED Plant, fairly long lines are

utilized as a flow metering device by using differential pressure transmitters.

The D/P instrument lines are purged, hence the accuracy of the measurement is
therefore questioned. The purge line pressures must be identical on both
sides of the D/P transmitter or the measurement will prove erratic.

6.1.4.A LEVELS.

Oil Storage, Oil/Water Decanter, these levels by D/P

transmitters are standard techniques. In the decanter, however, since the
oil is dirty, a combination of level and density is required.

6.1.4.B Precoat Filter Oil Level Transmitter.

Oil Levels on both the Slurry Oil (Filtrate) Tank and the
Precoat Mix Oil are necessary.

6.1.4.C Pyrolyzer Fluid Bed Level.

This measurement is currently approximated using several
sets of overlapping pressure transmitters. Because of the extensive purging
required, a direct measurement is preferable. If average bed density is

pertinent, use a D/P. Compare D/P to difference (measured) between taps and
observed height.

6.1.5 WEIGH HOPPERS.

In a large scale plant weigh hoppers for solid material
batching will probably give way to weigh belts.

6.1.6 ANALYSIS, Acid Gas Components.

While not shown on flow sheets, measurement of H2S and COS
will be required in a full scale plant. H2S and COS will exist in fairly
large amounts in phase I gasification. After purification, analyzers sensitive

to minute quantities of H2 S and COS are required. Records of total sulphur

must be filed to satisfy Federal and State examiners. Flue gases and stack
gas must be monitored and controlled to EPA requirements. Current "State-of-

the-Art" systems should be studied and improved as required.
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6.2 C0 ACCEPTOR Instruments Reviewed and Comments.

6.2.1 ANALYTICAL Chromatograph.

In this case observe the application. Check sample condi-
tioning. Relate columns to constituents to be measured.

6.2.2.A DIFFERENTIAL PRESSURE TRANSMITTERS related to Lignite Pre-
heater, Gasifier and Devolitilyzer Bed Heights. A direct "look-see" at bed
heights is preferred.

6.2.2.B DIFFERENTIAL PRESSURE TRANSMITTERS Related to Charlift Line.

The application is related to flow or hang up. Either way
clamp on sonics or ultrasonics would be better. A solid state flow switch
could detect a flow/no flow state. Any device in the direct flow path must
be designed to process design conditions and to withstand abrasion.

6.2.3 PURGE FLOW INDICATORS.

Instrumentation applications should be designed to minimize
purge flow.

6.2.4 FLOW TRANSMITTERS AND FLOW INDICATING CONTROLLERS.

Flow control without linearization should be discouraged. It
only works if the normal flow rate occurs near centerscale and with at least
10% of full scale flow rate of the indicator. Deviations will require
frequent controller adjustment.

6.2.5 QUENCH WATER/OIL INTERFACE.

This measurement is troublesome because the oil water specific
gravities are close. Other sensing such as dielectric constant or conductivity
or even viscosity may be combined with gravimetric methods to improve this

problem measurement.

6.2.6 DOLOMITE/LIGNITE BIN LEVEL SWITCHES.

This measurement is similar to fly-ash bin measurement in
fossil fuel plants. However, since this is part of the process, it should be
a level measurement signal to a high or low signal level switch.

6.2.7 WEIGHT TRANSMITTERS.

Weight transmitters will probably play a different role in
major plants. In the CO2 Acceptor the application must be critically
evaluated so that material balances can be easily related to mass flows.

6.2.8 GENERAL.

In general, the application of instruments to the process
seemed to be well defined, except in purge flow and pressure devices. Separate
purge flow sheets would aid the plant operator to expedite maintenance.
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6.3 SRC (Solvent Refined Coal) Instruments Reviewed and Comments.

6.3.1 ANALYZERS.

Analyzers were not shown on Flow Sheets but future plants

should have a rapid analyzer to show carbon, ash, and sulphur content.

6.3.2 GENERAL.

Flow Sheets lacked legibility, but as is the case with all
slurries, flow and pressure measurement problems exist. Oil/water interface
problems also exist. These should be solved before instrumentation for a
major SRC plant is selected. Here again, mass flow, appears to be the term
required. Weight feeders must be carefully designed.

6.4 SYNTHANE Instruments Reviewed and Comments.

6.4.1 ANALYTICAL INSTRUMENTS.

Analytical instruments as shown on the flow sheets seem

erratically placed and not clearly defined. On a full scale Synthane plant
such analyzers must be specified to fit process design conditions and care-
fully located. Gas under analysis should be conditioned as described by
recommended standards for sampling conditioning (Section 5.2.2). H2S, COS
must be analyzed and records kept for regulatory agencies.

6.4.2 FLOW CONTROL.

Flow control major scale up problem will be the right device
with a linearized signal to control a flow control valve. Rotometers, as a

signal transmitter for flow control will not scale-up.

6.4.3 CHAR HOPPER LEVEL.

Char hopper level appears to be a problem. Check device
used. Fossil fuel plant fly ash level may be a similar case, it is felt that
nuclear gauging might be more reliable on scaled-up plants.

6.4.3.A SLURRY TANK LEVEL.

Surry tank level, a new or improved device will probably
be required. Density of slurry is not, at this time, predictable. Plugging
differential lines are a continuing problem.

6.4.3.B GASIFIER/PREHEATER BED LEVELS.

Gasifier/preheater bed levels are problematical. Heat and
pressure render the measurement difficult. Plugging instrument lines render
differential pressure signals erratic. Unpredictable slurry densities will
yield unpredictable level indication or control. Recommend a new look for a

more practical way to this measurement.
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6.4.4 DECANTER LEVEL.

Contaminated oils and water render normal level gauging
totally inadequate. A better way must be found to measure Oil/water inter-
face. (See paragraph 6.2.5).

6.4.5 TEMPERATURE WELLS.

Temperature wells are not shown on the flow sheets, but on
any lines bearing a coal or ash slurry, the wells must be properly specified.
Specify: Machined Bar Stock Thermowells of an alloy designed to withstand
erosion. Welded or built up wells should not be accepted, because of erosion.

6.5 HYGAS Instruments Reviewed and Comments.

6.5.1 ANALYZERS.

The gases mentioned are CO, CO2, H2, and Quench Gas. H25,
COS Analyzers are not shown and should be shown because of State requirements,
moreover a Btu recorder is not shown. A scanning valve is used to switch
analysis streams. Do they have a problem?

6.5.2 FLUIDIZED BED LEVEL.

The Hygas Reactor Internals are very complex and presents a
very real instrumentation design problem. Devices designed to measure open
pot bed levels may not work in the Hygas reactor. We recommend that a
conference should be set up with IGT to analyze the process design conditions
in the various sections of the reactor. Instrumentation can then be fitted to
the process. Once systems are tested, recommendations for scaled-up plants
will be in order.

6.5.3 VENTURI, SLURRY FLOW.

Venturi, slurry flow request a critical assessment of flow
problems. Apply devices recommended and improved for mass flow.

6.5.4 QUENCH SEPARATOR LEVEL.

Only level devices are shown here. Will a scaled-up plant

require a decanter?

6.5.5 CYCLONE DIPLEG FLOW.

Question if flow rate is required or is this an indication of
a hang-up. In other words, what is the process design requirement?

6.5.6 SLURRY DENSITY.

What has IGT tried? Ask what improvements are required.
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6.5.7 FEED BLOWDOWN DRUM LEVEL.

Will decanter be required on scale-up? Develop oil/water
interface sensors to fit the process.

6.5.8 REMARKS.

The Hygas Process shows complexities that do not appear in
other processes, probably because of the age of the process and the level of
documentation achieved.



ERDA COAL CONVE SION INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS

DEVICE FLOW SHE3 T MEASUREMENT NAME / COMMENTS
I.D. NO. BKC 2383

Al 001 113-1 INSTRUMENT AIR DRYER BED 1 MOISTURE INDICATOR
Al 002 113-1 INSTRUMENT AIR DRYER BED 2 MOISTURE INDICATOR
AM 001 111-3 ROLLER MILL MOTOR AMMETER
Al 002 111-3 MAIN AIR CIRCULATING EAN AMMETER
AN 119 111-2 COAL SILO LEVEL HI ALARM
AN 131 111-3 VELOCITY SEPARATOR TEMPERATURE HI ALARM
AN 15)-H 111-3 PULVERIZED COAL STORAGE TANK LEVEL HI ALARM
AN 150-L 111-3 PULVERIZED COAL STORAGE TANK LEVEL LO ALARM
AN 204 111-4 FIRST STAGE RECYCLE GAS COMPRESSOR DSCH PRESS ANNUNC
AN 216 111-4 FIRST STAGE RECYCLE GAS COMP SUCTION HDR PRESS LO ANNUNC
AN 218 111-5 FIST STAGE OIL DEHYDRATOR LEVEL ANNUNCIATOR
AN 223 111-5 FIRST STAGE OIL WEIGH SCALE WEIGHT HI ANNUNCIATOR
AN 229 111-5 FIRST STAGE OIL WEIGH SCALE WEIGHT HI-HI ANNUNCIATOR
AN 240 111-7 FOURTH STAGE PYPOLYZER OXYGEN INLET HI PLSJ ANNUNC:ATOP
AN 302 111-6 FINES WEIGH TANK OVERWEIGHT ANNUNCIATOR
AN 303 111-6 FINFS WEIGH TANK OVERWEIGHT ANNUNCIATOR
AN 319 111-8 SECOND STAGE RECYCLE GAS COMPRESSOR SUCT PRESS LO ANNUNC
AN 321 111-R SECOND STAGE RECYCLE GAS COMPRESSOR DSCH PRESS LO ANNUNC
AN 362 111-9 PRODUCT OIL HI/LO WEIGHT ANNUNCIATOR
AN 393 111-10 FILTER FEED WEIGH TANK HI/LO LEVEL ANNUNCIATOR
AN 409 A 112-1 OIL FEED TANK A HI/LO ANNUNCIATOR
AN 409 B 112-1 OIL FEED TANK B HI/LO ANNUNCIATOR
AN 419 112-1 PREHEATER COED OIL TUBE ALL TEMPERATURE Hi NNUNCIATOR
AN 436 112-3 ENTRAINMENT SEPARATOR DRIP POT HIGH LEVEL ANNUNCIATOR
AN 437 112-3 HYDROGEN RECYCLE COMPRESSOR DTSCTHAGE HI TEMPERATURE ANNUNC
AN 438 112-3 RECYCLE GAS LO HYDROGEN ANNUNCIATOR
AN 446 112-3 HEAVY OIL PRODUCT WEIGH 'ANK A OVERWEIGHT ANNJ ACIATOR
AN 447 112-3 HEAVY OIL PRODUCT WEIGH TANK B OVERWEIGHT ANNUNCIATOR
AN 610 113-1 INSTRUMENT AIR HEADER NITROGEN INLET FLOW ANrUNCIATOR
AN 630L 113-1 COOLING TOWER PUMPS DISCHARGE HEADER PRESSURE LOW ANNUNC
AR 002C 112-3 RECYCLE GAS ANALYTICAL RECORDER CONTROL
AR 002R 112-3 RECYCLE GAS ANALYTICAL RECORDER
FA 610 113-1 INSTRUMENT AIR SYSTEM NITROGEN INLET FLOW ALARM
FE 610 113-1 INSTRUMENT AIR SYSTEM NITROGEN INLET FLOW ELEMENT
FG 014 112-3 HYDROGEN RECYCLE COMPRESSOR COOLING WATER RETURN FLOW GLASS
FG 215 112-3 HYDROGEN RECYCLE COMPRESSOR AFTERCOOLER CLG WI R RIN FLOW IND



ERDA COAL CONVERT SION INSTUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS W'ICH ARE ACCEPTABLE IN SCALED 'JP PLANTS (CONTINUED)

DEVICE
I.D. NO.

FT 001
PI 002
FI 0C3
FT 0O4

'I 299
PT 013
VI 311

FI 012
FT 02')
FIC 151
FIC 2)1
FIC 295
FIC 208
FI' 211$
FIC 219
FIC 225
FIC 235
FIC 236
F:' 243
FTC 245
FTC 246
vIC 248

FIC 31-)
FIC 311
FTC 315
FTC 419
FIC 429
MIC 421
FIC 468
FIC 468V
FR 001
FR 002
FR 003
FR 'Y':4
FR 005
FR 006

FLOW SHEET
BKC 2383

111-6
111-7
111-7
111-10
112-3
112-1
112-1
112-1
113-1
111-4
111-4
111-4
111-5
111-5
111-4
111-6
111-6
11 1-6
111-7
111-7
111-7
111-7
111-8
111-8
111-8
112-3
112-2
112-2
112-2
112-3
111-5
111-4
111-4
111-4
111-6
111-6

MEASUREMENT NAME / COMMENTS

EXTERNAL CYCLONE DSCH NITROGEN FLOW INDICATOR
MIXING TEE 11 NITROGEN INLET FLOW INDICATOR
CHAR CONVEYOR NITROGEN INLET FLOW INDICATOR
FILTRATE RECEIVERS VENT HEADER FLOW INDICATOR
HYDROGEN RECYCLE COMPRESSOR SUCTION FLOW INDICATOR
PLANT AIR FLOW INDICAIOP
MAIN STEA! FLOW INDICATOR
NITROGEN FLOW INDICATOR
INSTRUMENT AIR DRYER REGENERATION AIR FLOW INDICAIOa
RECYCLE GAS TO MIXING TEE #1 FLOW CONTROLLER
RECYCLE GAS TO FLUIDIZING GAS HEATER FLOW CONTtOL.LER
10 KW RECYCLE GAS HEATER INLET FLOW CONTROLLER
SCRUE LIQUOR TO VENTURI SCRUBBER COOLER FLOW lNDI.AiTNG CONT
SCRUB LIQUOR TO GAS LIQUID SEPARATOR FLOG INDICATING CONT
1.5 KW RECYCLE GAS HEATER INLET FLOW CONTniOLLau
30 KW RECYCLE GAS HEATER INLET INDICATING FLOW CONTROL
30 KW RECYCLE GAS HEATER INLET INDICATING FLOG CONTROLLER
30 KW RECYCLE GAS HEATER INLET INDICATING FLOW CONTROLLER
25 KW OXYGEN HEATER NITROGEN INLET FLOW IND CONTROL
13 KW RECYCLE GAS HEATER INLET FLOW IND CON OL
25 KW OXYGEN HEATER INLET IND FLOW CONTROL
3" KW RECYCLE GAS i1EATER INLET FLOW IND CONIR)L
VENTURI SCRTJE3ER SCRUB LIQUOR INLET FLOi IND. CONTROLLER
GAS/IQUID SEPARATOR SCRUB LIQUOR INLET FLOd IND. CONTROLLER
VENTJRI DEMISTER SCRUB LIQUOR INLET FLOW IND CONTROLLER
RECYCLE HYDROGEN INDICATING FLOW CONTROL
HYDPC TREATING REACTOR B INLET OIL INDICATING FLOW CONT
HYDRO TREATING REACTOR B COED OIL INLET IND FLOW CONT
HIGH PRESSURE WATER PUMP DISCHARGE FLOW INDICATOR CONTROLLER
WATER BREAK TANK HIGH PRESS WTR INLET FLOW CONTROL VALVE
PYROLYSIS GAS TO INCINERATOR FLOW RECORDER - 2 CHART
RECYCLE GAS TO #1 MIXING TEE FLOW RECORDER 2 CHART
FIRST STAGE PYPOLYZER COAL FLOW RECORDER - 3 CHARTS
10 KW RECYCLE GAS HEATER INLET FLOW RECORDER
SECOND/THIRD MIXED COAL INLET FLOW RECORDER - 2 CHARTS
33 KW RECYCLE GAS EATERS INLET FLOW RECOL DER - 3 CHART

N-
all



E-DA C'AL CONVEt SION INSTRUrENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS 4HICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE
I.D. NO.

FR 007
FR 009
FR 009
FR 021
FR 419
'R 420

FR 421
FRC 247
FRC 249
FRC 437
FT 151
FT 201
FT 205
FT 219
FT 243
FT 246
QT 2'47
FT 214?
FT U1?J
'T 421
rT 46R
FTI 0)1
?TT 9)2
FVI'I 003

FTI 004
FTI 005
'TI 1)6
FTI r,37
HIC 41^B
HIC u 10A
LA 119
LA 150-H
LA 150-L
LA 218
LA 436
LC 003

MEASUREMENT NAME / COMMENTSFLOW SHEET
BKC 2393

111-7
111-7
111-7
112-3
112-3
11 2-3
112-3
111-7
111-6
112-3
111-4
111-4
111-4
111-4
111-7
111-7
111-7
111-6
112-2
112-2
112-2
111-5
111-3
111-5
111-5
11 1i-
111-9
112-3
112-1
112-1
111-2
111-3
111-3
111-5
112-3
113-1

FOURTH STAGE PYROLYZER ?YROLYSIS GAS FLOW RCDR -DUAL CHART
10 Kh/30 KW RECYCLE GAS HEATER INLET FLOW RECORDER DUAL CHT
25 KW OXYGEN HEATER INLET FLOW RECORDER - DUAL CdART
MAKE-UP HYDROGEN COMPRESSOR DISCHARGE FLOW RECORDER
RECYCLE GAS FLOW RECORDER
MEDIUM PRESSURE COED OIL FLOW RECORDER
HYDRO TREATING REACT'OR B COED OIL INLET FLOW ECORDER
35 KW STEAM SUPERHEATER INLET FLOW RECORDING CONTROL
THIRD STAGE PYROLYZER OXYGEN INLET FLOW RECORDING CONTROLLER
PURGE & VENT GAS RECORDING FLOW CONTROL - DUAL CHART
RECYCLE GAS TO MIXING TEE #1 FLOW TRANSMITTER
RECYCLE GAS TO FLUIDIZING GAS HEATER FLOW TRANSMIITER
10 KW RECYCLE GAS HEATER INLET FLOW TRANSMITTER
1.5 KW RECYCLE GAS HEATER INLET FLOW TRANSMITTER
25 KW OXYGEN HEATER NITROGEN INLET FLOW TRANSMITTER
25 KW OXYGEN HFATER INLET FLOW TRANSMITTER
35 KW STEAM SUPERHEATER TNLFT FLOW TRANSMITTER
THIPD STAGE PYROLYZER OXYGEN INLET FLOW TRANSMITTER
HFYDFO TREATING REACTOR B INLET OIL FLOW TRANSMITTER
-IYERO TEEATING RFATO B COED OIL INLET FLOW TRANSMITTER
HIGH FFESSURE WATER PJ'MP DISCHARGE FLOW TRANSiITTER
PYFOLYSIS GAS TO INCINERATOR FLOW TOTALI4E INDICATOR
SECOND STAGE GAS COMPRESSOR S3tCTION TOTAL FLOW INDICATOR
OIL/WATER DECANTER CITY WATER FLOW TOTALIZER INDICATOR
SCPUB LIQUOR DISCHARGE FLOW TOTALIZER INDICATOtR
OIL/WATER DECANTER WATER INLET FLOW TOTALIZER
SCRUB LIQUOR PURGE DISCHAR1 E FLO4 TOTALITGr INDICasJUP
WATER BREAK TANK CITY WATFR INLET FLOW TOTALIZER INDICATOR
OIL FEED PUMP D STROKE HAND INDICATING CONTROLIJER
OIL FEED PUMP A STROKE HAND INDICATING CONTROLLER
COAL SILO LEVEL HI ALARM
PULVERIZED COAL STORAGE TANK LEVEL HI ALARM
PULVERIZED COAL STORAGE TANK LEVEL LO ALARM
FIRST STAGE OIL DEHYDRATOR LEVEL ALARM
ENTRAINMENT SEPARATOR DRIP DOT LEVEL ALARM
CHEMICAL TREATMENT TANK LEVEL CONTROL



ERDA COAL CONVERSION INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE
I.D. NO.

LC 423
LC 431

LC 467
LC 655
LG 035
L3 006
LG 010
LG 011
LG 012
LG 013
LG 014
LG 015
LI 218
LI 360
LI 361
LI 3R9
LI 46
LI 461
LI 462
LIC 282
LIB 33)
LIC 331
LIC 34)
LIC 350
ITC 33
LIC 422
LIC 430
LPC 210
LTC 220
LRC 230
LRC 240
LT 218
LT 422
LT 430
L' 460
LT 461

FLOW SPT
BKC 2383

112-2
112-2
11 2-3
113-1
111-10
113-1
112-1
112-2
112-3
112-3
112-3
112-3
111-5
111-9
111-9
111-10
112-4
112-4
112-4
111-10
111-9
111-9
111-9
111-9
111-10
112-2
112-2
111-4
111-6
111-6
111-7
111-5
112-2
112-2
112-4
112-4

MEASUREMENT NAME / COMMENTS

HI TEMP FLASH DRUM VAPOR OUTLET LEVEL CONTROLLER
LO TEMP FLASH DRUM LEVEL CONTROLLER
WATER BREAK TANK LEVEL CONTROLLER
CONDENSATE RETURN UNIT LEVEL CONTROLLER
COED OIL DAY TANK LEVEL GLASS
CONDENSATE RETURN UNIT LEVEL GLASS
OTL MEASUPING TANK LEVEL GLASS
LIGHT OIL WEIGH TANK LEVEL GLASS
HEAVY OIL PRODUCT '4EIGH TANK LEVEL GLASS
HEAVY OIL PRODUCT WEIGH TANK B LEVEL GLASS
WASTE WATER TANK LEVEL GLASS
WATER BRFAK TANK LEVEL GLASS
FIRST STAGE OIL DEHYDRATOR LEVEL INDICATOR
OIL STORAGE TANK A LEVEL INDICATOR
OIL STORAGE TANK B LEVEL INDICATOR
FILTER FEED TANK LEVEL INDICATOR
OIL STORAGE TANK A LEVEL INDICATOR
OIL STORAGE TANK B LEVEL INDICATOR
OIL STORAGE TANK C LEVEL INDICATOR
FILTRATE RECEIVER LEVEL INDICATOR CONTROLLER
OIL/WATER DECANTER HEAVY OIL LEVEL INDICATING CONIL OLLER
OIL/WATER DECANTER LIGHT OIL LEVEL INDICATING CONTROLLER
HEAVY OIL DEHYDRATOR LEVEL INDICATING CONTROLLER
OIL DEHYDRATOR LEVEL INDICATING CONTROLLER
FILTRATE RECEIVER LEVEL INDICATOR CONTROLLEd
HI TEMP FLASH DPUM LEVEL INDICATING CONTROLLER
LO TEMP FLASH DRUM LEVEL INDICATING CONTROLLER
FIRST STAGE PYROLYZER FLUID BED HI LVL RECORDING CONT
SECOND STAGE PYROLYZER FLUID BED MID LVL REC LVL CONT
THIFD STAGE PYPOLYZER FLUID BED HI LVL RECORDING LVL CONT
FOURTH STAGE PYROLYZER FLUID BED RECORDING LEVEL CONTROL
FIRST STAGE OIL DEHYDRATOR LEVEL TRANSMITTER
HI TEMP FLASH DRUM LEVEL TRANSMITTER
LO TEMP FLASH DRUM LEVEL TRANSMITTER
OIL STORAGE TANK A LEVEL TRANSMITTER
OIL STORAGE TANK B LEVEL TRANSMITTER

N-



ERDA COAL CONVERSION INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINUr.D)

MEASUREMENT NAME / COMMENTSFLOW SHEET
BKC 2383

OIL STORAGE TANK C LEVEL TRANSMITTER
AREA DUST COLLECTOR PRESSURE
AREA DUST COLLECTOR SUPPLY DUCT PRESSURE
CYCLONE COLLECTOR INLET DIFFERENTIAL PURGE
CYCLONE COLLECTOR INLET DIFFERENTIAL PURGE
DUST COLLECTOR IULET DIFFERENTIAL PURGE
DUST COLLECTOR TOP DIFFERENTIAL PURGE
ROTARY DISCHARGE VALVE SEAL PURGE

DEVICE
I.D. NO

LT 462
P 001
P 002
P 0C3
p 004
P Cc5
P 006
P 007
P 010
P 011
P 012
P 013
P 014
P 015
P 016
P 017
P 018
P 019
P 020
P 021
P 023
P 024
P 025
P 026
P 027
P 028
P 029
P 030
P 031
P 032
P 033
P 034
P 035
P 040
P 041
P 042

112-4
111-2
111-2
111-3
111- 3
111-3
111-3
111-3
111-4
111-4
111-4
111-4
111-4
111-4
111-4
111-4
111-4
111-4
111-4
111-4
111-6
11 1-4
111-4
111-4
111-6
111-6
111-4
111-4
111-5
1 11-5
111-5
111-4
111-4
111-6
111-6
111-6

COAL FLOW
COAL FLOW
FLUID BED
FLUID BED
FLUID BED
FLUID BED
CYCLONE B
CYCLONE A
DSCH VALVE
DSCH VALVE
DSCH VALVE
DSCH VALVE

COAL FLOW

LOOP US PURGE
LOOP DS PURGE
LO LVL TAP PURGE
.; LVL TAP PURGE
MID LVL TAP PURGE
HI LEVEL TAP PURGE
PURGE
PURGE

PURGE
CAVITY PURGE
CAVITY PURGE
CAVITY PURGE
TAP LINE PURGE

EXTERNAL CYCLONE FINES DUCT PURGE
EXTERNAL CYCLONE FINES DUCT PURGE
FINES FEEDEF ROTARY VALVE SEAL PURGE
SECOND STAGE PYROLYZER FINES FLOW TAP LINE PURGE
SECOND STAG:, PYROLYZER FINES FLOW TAP LINE PURGE
FIRST STAGE PYROLYZER PURGE
VENTURI COOLER LINE PURGE
PYBOLYSIS GAS D/P LINE PURGE
RECYCLE GAS D/P LINE PURGE
RECYCLE GAS D/P LINE PURGE
FIRST STAGE RECYCLE GAS COMP A SEAL PRESS IND
FIRST STAGE RECYCLE GAS COMP B SEAL PRESS IND
SECOND STAGE PYROLYZER FLUID BED GRATE LVL rAP LINE PURGE
SECOND STAGE PYROLYZER GRATE LEVEL TAP PURGL'
SECOND STAGE PYROLYZER FLUID BED LO LVL TAP PURGE

I-a

PYROLYZE?
PYROLYZE?
P YROLY ZEP
PYROLYZER
PYROLYZER
PYROLYZE P
P YP OLY ZER
PYROLYZER
PYROLYZER
P YROLYZER
PYROLIZER
PYROLYZER

FIRST
FIRST
FIST
FIRST
FIRST
FIST
FIRST
FIST
FIRST
FIST
FIRST
FIRST

STAGE
STAGE
STAGE
STAGE
STAGE
STAGE
STAGE
STAGE
STAGE
STAGE
STAGE
STAGE

SECOND STAGE PYROLYZEE



ERDA COAL CONVEt SION INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS ((.ONTiNULD)

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENTS
I.D. NO. BKC 2383

P 043 111-6 SECOND STAGE PYROLYZE? FLUID BED MID LVL TAP PURGE
P 944 111-6 SECOND STAGE PYROLYZER CYCLONE B LVL TAP LINE PURGE
P P45 111-6 SECON STAGE PYROLYZER CYCLONE A LVL D/P TAP LINE PURGE
P Ou6 111-6 SECOND STAGE PYROLYZER CHAR OUTLET CONT VLV SEAL PURGE
P 007 111-6 SECOND STAGE PYROLYZER CHAR OUTL CONT VLV BODY CAVITY PURGE
P 048 111-6 SECOND STAGE PYROLYZER CHAR OUTL CONT VLV BODY CAVITY PURGE
P 049 111-6 SECOND STAGF PYROLYZER CHAR OUTL CONT VLV BODY CAVITY PURGE
P 050 111-6 THIRD STAGE PYFOLYZER CHAR INLT FLOW TAP LINE PURGE
P 051 111-6 THIRD STAGE PYROLYZER CHAR INLET FLOW TAP LINE PURGE
P 052 111-6 THIRD STAGE PYROLYZER CHAR DSCH VLV SEAL PURGE
P 053 111-6 THIRD STAGE PYROLYZER CHAR DSCH VLV BODY CAVITY PURGE
P C54 111-6 THIRD STAGE PYROLYZER CHAR DSCH VLV BODY CAVITY PURGE
P 355 111-6 THIRD STAGE PYPOLYZER CHAR DSCH VLV BODY CAVITY PURGE
P 056 111-6 SECOND STAGE PYROLIZER MIXED FUEL COAL TAP LINE PURGE
P 057 111-6 SECOND STAGE PYROLYZER MIXED COAL FLOW TAP LINE PURGE
P 058 111-6 THIRD STAGE PYROLYZER FLUID BED LO LVL TAP PURGE o
P 059 111-6 THIRD STAGE PYROLYZER FLUID BED MID LVL TAP PURGE
P ObO 111-6 THIRD STAGE PYROLYZER FLUID BED TAP LINE PURGE
P 061 111-6 THIRD STAGE PYROLYZER FLUID BED HI LVL TAP LINE PURGE
P 062 111-6 THIRD STAGE PYROLYZER TOP/DSCH D/P TAP LINE PURGE

P 063 111-6 THIRD STAGE PYROLYZE? DSCH TAP LINE PURGE
P 064 111-6 THIRD STAGE PYROLIZER OVERFLOW DSCH VLV SEAL PURGE
P 065 111-6 THIRD STAGE PYROLYZER OVERFLOW DSCH VLV BODY CAVITY PURGE
P 066 111-6 THIRD STAGE PYROLYZEP OVERFLOW DSCH VLV BODY CAVITY PURGE
P 067 111-6 THIRD STAGE PYROLYZER OVERFLOW DSCH VLV BODY CAVITY PURGE
P 069 111-7 11 MIXING TEE NITROGEN INLET LINE PURGE
P c.6 111-7 FOURTH STAGE PYROLYZER PYROLYSIS GAS TAP LINE PURGE
P 070 111-7 FOURTH STAGE PYROLYZER CHAR DSCH CONTROL VLV SEAL PURGE
P 071 111-7 FOURTH STAGE PYROLYZER CHAR DSCH CONT VLV BODY CAVITY PURGE
P 072 111-7 FOURTH STAGE PYROLYZE? CHAR DSCH CONT VLV BODY CAVITY PURGE
P 072A 170-4 NITROGEN SYSTEM PURGE
P 073 111-7 FOURTH STAGE PYROLYZE? CHAP DSCH CONT VLV BODY CAVITY PURGE
P 074 111-6 THIRD STAGE PYROLYZER C)AL/CHAR FL('W TAP LINE PURGE
P 075 111-6 THIRD STAGE PYROLYZF9 COAL/CHAR INLT FLOW TAP LINE PUPGE
P 076 111-7 FOURTH STAGE PYROLYZER FLUID BED LJ LVL TAP LINE PURGE
P 077 111-7 FOURTH STAGE PYROLIZER FLUID BED MID LEVEL TAP LINE PURGE



ERDA COAL CONVERSION INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICH APE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENTS
I.D. NO. BKC 2383

P 078 111-7 FOURTH STAGE PYROLYZER FLUID BED HI LVL TAP LINE PURGE
P 079 111-7 FOURTH STAGE PYROLYZER HI LVL TAP LINE PURGE
P 080 111-7 FOURTH STAGE PYROLYZER OUTLET LINE PURGE
P 081 111-7 FOURTH STAGE PYROLYZER CHAR DSCH VALVE SEAL PURGE
P 082 111-7 FOURTH STAGE PYROLYZER CHAR DSCH VALVE BODY CAVITY PURGE
P 083 111-7 FOURTH STAGE PYROLYZER CHAR DSCH VALVE BODY CAVITY PURGE
P 084 111-7 FOURTH STAGE PYROLYZER CHAR DSCH VALVE BODY CAVITY PURGE
P 085 111-7 CHAP STORAGE DSCH GATE LINE PURGE
P 086 111-7 CHAR CONVEYOR PURGE
P 090 111-6 EXTERNAL CYCLONE PYROLYSIS GAS INLT FLOW TAP LINE PURGE
P 091 111-6 EXTERNAL CYCLONE PYOLYSIS GAS INLT FLOW TAP LINE PURGE
P 092 111-8 GAS RECOVERY D/P TAP LINE PURGE
P 093 111-8 ELECTROSTATIC PRECIPITATOR PYROLYSIS GAS OUTL TAP LINE PURGE
P 094 111-8 PYROLYSIS GAS TAP LINE PURGE
P 095 111-8 PYROLYSIS GAS TAP LINE PURGE
P 097 111-8 SECOND STAGE RECYCLE GAS COMPRESSOR SHAFT SEAL PURGE
P 098 111-10 FIlTEP FEED TANK LEVEL INDICATOR PURGE
PA 204 111-4 FIST STAGE RECYCLE COMPRESSOR DSCH PRESS ALARM
PA 216 111-4 FIRST STAGE GAS COMP SUCTION HDR PRESS ALARM LO
PA 220 111-6 SECOND STAGE PYROLYZER CYCLONE B LVL HI PRESS ALARM
PA 240 111-7 FOURTH STAGE PYROLYZER OXYGEN INLET PRESSURE ALARM
PP 319 111-8 SECOND STAGE RECYCLE GAS COMPRESSOR SUCT PESS LD ALARM
PA 321 111-8 SECOND STAGE RECYCLE GAS COMPRESSOR DSCH PRESS LO ALARM
PA 630 113-1 COOLING TOWER PUMPS DISCHARGE HEADER PRESSURE ALARM
PC 001 111-3 NATURAL GkS TO AIR HEATER LO PRESSURE CONTROL
PC 0C2 111-3 NATURAL GAS TO AIR HEATER HI PRESSSURE CONTROL
PC 003 111-3 COMBUSTION AIR TO AIR HEATER LO PRESSURE CONTROL
PC 004 111-3 AIR HEATER DISCHARGE PRESSURE CONTROL
PC 009 111-8 SECOND STAGE RECYCLE GAS COMPRESSOR OIL PRESSURE CONTROLLER
PC 015 111-4 FIRST STAGE RECYCLE GAS COMP A OIL OUTL PRESS CONT LO
PC 016 111-4 FIRST STAGE RECYCLE GAS COMP B OIL OUTL PRESS CONT LO
PC 024 112-1 COED OIL PREHEATER COMB CONT PRESSURE CONTROL
PC 029 112-3 E!YDROGEN RECYCLE COMPRESSOR OIL PRESSURE CONTROLLED
PC 254 112-1 COED OIL PREHEATER COMB CONT PRESSURE CONTROL
PC 256 112-1 COED OIL PREHEATER COMB CONT PRESSURE CONTROL
PC 1120 112-1 PREHEATER COED OIL INLT/OUTL DIFFL PRESS CONTROLLER



ERDA COAL CCNVE. SION INSTRUMENTATION REVIEW FOR IHE COED PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE
I.D. NO.

PCV 01?
PCV G38
PCV 010
PCV 012
PCV 021
PCV 027
PCV 029
PCV 034
PCV 250
'CV 419

PDC 215
PDI 135
PDI 137
PDI 202
PDI 208
PDI 209
PDI 211
PDI 212
PDI 213
PDI 214
PDI 216
PDI 221
PDI 223C
PDT 227
PDI 231
PDT 232C
PDI 233
PDI 235
PDI 236
PDI 237
PDI 241
PDT 242
PDI 243
PDI 245
PDI 249
PDI 271

MEASUREMENT !JAME / COMENTSFLOW SHEET
BKC 2383

111-10
113-1
111-7
113-1
112-2
112-3
112-3
113-1
111-7
112-1
111-4
111-3
111-3
'11-6
1 1-5
111--,

111-4
111-4
111-4
111-4
111-5
111-6
11 1-6
111-6
111-6
111-6
111-6
111-6
111-7
111-6
111-7
111-7
111-6
111-6
111-7
111-2

FILTRATE RECEIVERS VENT HEADER PRESSURE CONIROL VALVE
COOLING TOWER PUMPS RECIRCULATION PRESSURE CONTROL VALVE
OXYGEN HEADER PRESSURE CONTROL VALVE
PLANT AIR PRESSURE CONTROL VALVE
HYDRO TREATING REACTOR B OUTL PRESS CONTROL VALVE
RECYCLE GAS PRESSURE CONTROL VALVE
RECYCLE GAS PRESSURE CONTROL VALVE
INSTRUMENT AIR HEADER NITROGEN INLET PRESSURE CONTROL VALVE
CHAR COOLER COOLING WATER SUPPLY PRESSURE CONTROL VALVE
PREHEATER STEAM INLET PRESSURE CONTROL VALVE
FIRST STAGE PYROLYZER CYCLONE B LVL D/P CONT
CYCLONE COLLECTOR PURGE LINE DIFFERENTIAL
DUST COLLECTOR PURGE LINE DIFFERENTIAL
SECOND STAGE PYROLYZER FINES FLOW D/P INDICATOR
RECYCLE GAS DIFFERENTIAL PRESSURE INDICATOR
PYROLYSIS GAS DIFFERENTIAL PRESSURE INDICATOR
FIRST STAGE PYROLYZER FLUID BED MID LVL DIP INDICATOR
FIRST STAGE PYROLYZER CYCLONE A PURGE DIFFERENTIAL PI
F,'RST STAGE PYROLYZER PURGE LINE DIFFERNTIAL PRESS IND
FI?ST STAGE PYROLYZER FLUID BED LO LVL DIP INDICATOR
RECYCLE GAS DIFFERENTIAL PRESSURE INDICATOR
SECOND STAGE PYROLIZER FLUID BED LO LVL D/P iNDICATOR
EXTERNAL CYCLONE PYROLYSIS GAS INLT FLOW D/P INDICATOR
SECOND STAGE PYROLIZER COAL FLOW D/P INDICATOR
THIRD STAGE PYROLYZER FLUID BED ID LVL D/P INDICATOR
THIRD STAGE PYROLYZER TOP/DSCH D/P INDICATOR
SECOND STAGE PYROLYZER FLUID BED GRATE LVL D/P INDICATOR
SECOND STAGE PYROLYZER MIXED COAL FLOW D/P INDICATOR
FOURTH STAGE PYROLYZER PYROLYSIS GAS DSCH D/P INDICATOR
THIRD STAGE PYROLYZER CHAR INLET FLOW D/P INDICATOR
FOURTH STAGE PYROLYZER FLUID BED MID LVL D/P INDICATOR
FOURTH STAGE PYROLYZER HI LVL DIFFERENTIAL PRESS INDICATOR
THIRD STAGE PYROLYZER FLUID BED LO LVL DIFF PRESS INDICATOR
THIRD STAGE PYROLYZER COAL/CHAR INLT FLOW D/P INDICATOR
FOURTH STAGE PYROLYZER FLUID BED LO LVL D/P INDICATOR
AREA DUST COLLECTOR DUCT P'JRGE LINE DIFFERENTIAL

N

N



3RDA COAL CONVEY SION INSTRUMENTATION REVIEW FOR THE COED PROCESS
I' STRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTL UED)

DEVICE
I.D. NO.

PDI 272
PDI 317
PDI 318
PDI 319
PD)T 418
PDI 414
PDI 419A
PDI 420-1
PDI 420-2
PDI 420-3
PDI 421
PDI 429
PDI 436
PDIC 215V
PDR 002-1
PDR 002-2
PDR 002-3
PDT 317
PDT 418
DDT 419A
PDT 420-1
PDT 420-2
PDT 420-3
PDT 436
PI 002
DI 0n3
PI 004
PI 005
PI 006
PI 007
PI 008
P1 009
PI 010
PT 011
PI 012
PI 013

MEASUREMENT NAME / COMMENTSFLOW SHEET
3KC 2383

111-6
111-8
111-8
111-8
112-1
112-1
112-1
112-2
112-2
112-2
112-2
112-2
112-3
111-5
112-2
112-2
112-2
111-8
112-1
112-1
112-2
112-2
112-2
112-3
111-3
111-3
111-3
111-3
111-3
111-3
111-4
111-4
111-4
111-4
111-4
111-4

SECOND STAGE PYROLYZER CYCLONE B LVL TAP LINE PURGE
GAS RECOVERY PRESSURE DIFFERENTIAL INDICATOR
PYROLYSIS GAS DIFFERENTIAL PRESSURE TRANSMITTER
GAS/WATER SEPARATOR PYROLYSIS GAS LINE D/P INDICATOR
PREHEATER RECYCLE GAS INLT/OUTL DIFFERENTIAL PRESSURE IND
PREHEATER COED OIL INLT/OUTL DIFFERENTIAL PRESSURE INDICATOR
PREHEATER COED OIL INLT/OUTL DIFFERENTIAL PRESSURE INDICATOR
HYDRO TRFATING REACTOR A/B INLETS D/P INDICATOR
HYDRO TREATING REACTOR B LEVEL D/P INDICATOR
HYDRO TREATING REACTOR B LEVEL D/P INDICATOR
REACTOR BOTTOMS COOLER INLET/OUTLET DIFFERENTIAL PRESS IND
VAPOR CONDENSER INLET/OUTLET DIFFERENTIAL PRESSURE INDICATOR
ENTRAINMENT SEPARATOR INLET/OUTLET DIFFERENTIAL PRESSURE IND
PYROLYSIS GAS TO INCINERATOR INDICATING D/P CONTROLLER
HYDRO TREATING REACTOR A/B INLETS D/P RECORDER CHART 1
HYDRO TREATING REACTOR LEVEL D/P RECORDER CHART 2
HYDRO TREATING REACTOR B LEVEL D/P RECORDER CHART 3
GAS LINE DIFFERENTIAL PRESSURE TRANSMITTER
PREHEATED RECYCLE GAS INLT/OrJTL DIFFERENTIAL PRESSURE XMTR
PREHEATER COED OIL INLT/OUTL DIFFERENTIAL PRESS TRANSMITTER
HYDRO TREATING REACTOR A/B INLETS D/P TRANSMITTER
HYDRO TREATING REACTOR B LVL D/P TRANSMITTER
HYDRO TREATIN( REACTOR B LEVEL D/P TRANSMITER
ENTRAINMENT SEPARATOR INLT/OUTL DIFFERENTIAL PRESSURE XMTR
MAIN AIR CIRCULATING FAN DISCHARGE TO DUSI COLLECTOR PRESS.
MAIN AIR CIRCULATING FAN DISCHARGE TO ROLLER MILL PRESSURE
MAIN AIR CIRCULATING FAN SUCTION PRESSURE
ROTARY DSCH VALVE SEAL PRESSURE
COMPRESSED AIR LINE PRESSURE
COMPRESSED AIR LINE PRESSURE
10 KW RECYCLE GAS HEATER INLET PRESSURE INDICATOR
10 KW RECYCLE GAS HEATER INLET PRESSURE INDICATOR
1.5 KW RECYCLE GAS HEATER INLET PRESSURE
1.5 KW RECYCLE GAS HEATER INLET PRESSURE INDICATOR
FINES FEEDER ROTARY VALVE SEAL PRESSURE INDICATOR
FIRST STAGE RECYCLE GAS COMPRESSOR DISCHARGE PRESS INDICATOR

NA



ERDA COAL CCNVE3 SION INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS -HrCh APE ACCEPTABLE IN SCALED UP PLANTS (CONfINUi)

DEVICE
I.D. NO.

FLOW SHET
BKC 2383

MEASUREMENT NAME / COMMENTS

FIRST STAGE PYROLYZES FLUID BED LO LVL PRESSURE INDICATOR
FIRST STAGE PYROLYZER PURGE LINE PRESS INDICATOR
VENTURI SCRUBBER COOLER SCRUB LIQUOR INLET PRE SSURE IND
GAS LIQUID SEPARATOR SCRUB LIQUOR INLET PRESSURE INDICATOR
PYROLYSIS GAS TO INCINERATOR PRESSURE INDICATOR
RECYCLE LIQUOR PUMP A DISCHARGE PRESSURE INDICATOR
RECYCLE LIQUOR PUMP B DISCHARGE PRESSURE INDICATOR
FIPRT STAGE OIL DEHYDRATOR MP STEAM INLET PRESS INDICATOR
FIRST STAGE OIL PUP? A DISCHARGE PRESSURE INDICATOR
FIRST STAGE OIL PUMP 3 DISCHARGE PRESSURE INDICATOR
FIRST STAGE OIL WEIGH TANK MED. PRESS. STEAM INLET PRESS IND

PI
PI
PI
PI
PI
PI
PI
PI
PI
PI
PI
PI
Pi
PI
PI
PI
PI
PI
PI

Pt
Pt
P1
Pt
P1
PI
P1
PIT
Pt
PT
PI1PT
PI
PI
PI

PI

PI

014
015
016
017
018
019A
019B
020
021A
121B
022
030
031
032
033
034
035
036
040
041
0 U2
043
0114
045

X46 6
047
0438
049
050
060
061
062
063
064A
06 4B
065

11 1-4
111-4
111-5
111-5
111-5
11i -- 5
111-5
111-5
111-5
111-5
111-5
111-6
111-6
111-6
111-6
111-6
111-6
111-6
111-7
111-7
111-7
111-7
111-7
111-7
111-7
111-7
111-7
111-7
111-7
111-8
111-8
111-8
111-8
1 11-9
111-9
111-9

25 KW OXYGEN HEATER INLET PRESSURE INDICATOR
35 KW STEAM SUPERHEATER INLET PRESSURE INDICATOR
FOURTH STAGE PYROLYZER OXYGEN INLET PRESSURE INDICATOR
NITROGEN TO MIXING TEE 11 HEADER PRESSURE INDICATOR
MIXING TEE 11 NITROGEN INLET PRESSURE INDICATOR
CHAR STORAGE TANK OUTLET PRESSURE INDICATOR
CHAR C0PVEYOR NITROGEN INLET PRESSURE INDICATOR
VENTURI SCRUBBER SCRUB LIQUOR INLET PRESSURE INDICATOR
GAS/LIQUID SEPARATOR SCRUB LIQUOR INLET PRESSURE INDICATOR
VENTURI DEMISTER SCRUB LIQUOR INLET PRESSURE INDICATOR
SECOND STAGE RECYCLE GAS COMPRESSOR DISCHARGE PRESSURE IND
SCRUB LIQUOR PUMP A DISCHARGE PRESSURE INDICATOR
SCRUB LIQUOR PUMP B DISCHARGE PRESSURE INDICATOR
SCRUB LIQUOR PUMP A/B DISCHARGE HEADER PRESSURE INDICATOR

RECYCLE GAS HEATER INLET
RECYCLE GAS HEATER INLET
RECYCLE GAS HEATER INLET
RECYCLE GAS HEATER INLET
REC CLE GAS HEATER INLET
RECYCLE GAS HEATER INLET

30 KW
30 KW
30 KW
30 KW
30 KW
30 KW
EXTERNAL CYCLONE DSCH NITROGEN
10 KW RECrCLE GAS HEATER INLET
%0 KW RECYCLE GAS HEATER INLET
30 KW RECYCLE GAS HEATER INLET
30 KW RECYCLE GAS HEATER INLET

PRESSURE INDICATOR
PRESSURE INDICATOR
PRESSURE INDICATOR
PRESSURE INDICATOR
PRESSURE INDICATOR
PRESSURE iNDICATOR
PRESSURE INDICATOR
PRESSURE INDICATOR
PRESSURE INDICATOR
PRESSURE INDICATOR
PRESSURE INDICATOR

bd

N



ERDA COAL CONVE SION INSTRUMENTATION R VIEW FOR THE COED PROCESS
INSTRUMENTS WHICH AFE ACCEPTAELE IN SCALED UP PLANTS (CONTINUED)

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENTS
I.D. NO. BKC 2383

PI 056 111-9 DECANTED OIL PUMP DISCHARGE PRESSURE INDICATOR
PI 067 111-9 DEHYDRATED OIL PUMP DISCHARGE PRESSURE INDICATOR
P1 068 111-9 DEHYDRATED PRODUCT OIL PUMP DISCHARGE PRESSURE INDICATOR
PT 069 111-9 PRODUCT OIL TRANSFER PUMP DISCHARGE PRESSURE INDICATOR
PI 070 111-9 HEAVY OIL DEHYDRATOR HEATING STEAM INLET PRESSURE INDICATOR
PI 071 111-9 OIL DEHYDRATOR HEATING STEAM INLET PRESSURE INDICATOR
PT 072 111-9 OIL STORAGE TANK A HEATING STEAM INLET PRESSURE INDICATOR
PI 073 111-9 OIL STORAGE TANK B HEATING STEAM INLET PRESSURE INDICATOR
PI 074 111-9 CRUDE PRODUCT PUMP DISCHARGE PRESSURE INDICATOR
PI 079A 113-1 COOLING TOWER PUMP A DISCHARGE PRESSURE INDICATOR
PI 075B 113-1 COOLING TOWER PUMP B DISCHARGE PRESSURE INDICATOR
PT 076A d13-1 CONDENSATE RETURN UNIT PUMP A DISCHARGE PRESSURE INDICATOR
PI 076B 113-1 CONDENSATE RETURN UNIT PUMP B DISCHARGE PRESSURE INDICATOR
PT 080 111-10 PRECOAT TANK HEATING STEAM INLET PRESSURE INDICATOR
PI 081 111-10 PRFCOAT PUMP DISCHARGE PRESSURE INDICATOR
P1 082 111-10 FILTER FEED TANK HEATING STEAM INLET PRESSURE INDICATOR
PI 083 111-10 FILTER FEED PUMP DISCHARGE PRESSURE INDICATOR
PI 094 111-10 FILTRATE RECEIVERS VENT HEADER PRESSURE INDICATOR
PI 085 111-10 FILT ERED OIL PRODUCT PUMP DISCHARGE PRESSURE INDICATOR
DI 08 111-7 OXYGEN HEADER PRESSURE INDICATOR
?I 087 111-7 OXYGEN HEADER PRESSURE INDICATOR
DI 090 113-1 PLANT AIR HEADER PRESSURE INDICATOR
PI 100 112-1 OIL FEED TANK A HEATING STEAM INLET PRESSURE INDICATOR
PI 101 112-1 OIL FEED TANK B HEATING STEAM INLET PRESSURE INDICATOR
PI 102 112-1 OIL FEED PUMP A DISCHARGE PRESSURE INDICATOR
PI 103 112-1 OIL FEED PUMP B DISCHARGE PRESSURE INDICATOR
PI 104 112-1 PREHEATER COFD OIL INLET PRESSURE INDICATOR
P1 105 112-1 PLANT AIR PRESSURE INDICATOR
PT 106 112-1 MAIN STEAM PRESSURE INDICATOR
PI 107 112-1 NITROGEN PRESSURE INDICATOR
PI 108 112-1 REGENERATION HEADER PRESSURE INDICATOR
PI 109 112-1 COED OIL HIGH PRESSURE VENT PRESSURE INDICATOR
PI 111 112-2 HYDRO TREATING REACTOR A INLET PRESSURE INDICATOR
PI 113 112-2 HYDRO TREATING REACTOR B INLET PRESSURE INDICATOR
P1 114 112-2 HYDRO TREATING REACTOR B INTERSTAGE PRESSURE INDICATOR
PI 115 112-2 HYDRO TREATING REACTOR B OUTLET PRESSURE INDICATOh



ERDA COAL CONVEI SION INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICH APE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE
I.D. NO.

PI 116
PI 117
PI 118
PT 119
P1 120
PI 121
PI 122
PI 123
P1 124
PI 125
PI 126
P1 127
PI 128
P1 129
PI 130
PI 132
PT 133
PI 1147

P1 148
PI 149
P1 210
PI 220
P1 230
PT 210
PI 410
PI 419
PI 422
PT 437
P1 630
PIC 203
PIC 204
PIC 319
PIC 321
PIC 322
PIC 381
PR 001

MEASUREMENT NAME / COMMENTSFLOW SHEET
BKC 2383

112-2
112-2
112-3
112-3
112-3
112-3
1 1 2--3
11 2-3
112-3
112-4
112-4
112-4
112-4
112-3
112-1
112-3
112-3
113-1
113-1
113-1
111-4
111-6
111-6
111-7
112-1
112-2
112-2
112-3
11 3-1
111-4
111-4
111-8
111-8
111-8
111-10
111-4

HI TEMP FLASH DRUM VAPOR OUTLET PRESSURE INDICATOR
LO TEMP FLASH DFUM VENT GAS OUTLET PRESSURE INDICATOR
ENTRAINMENT SEPARATOR OUTLET PRESSURE INDICATOR
HYDROGEN RECYCLE COMPRESSOR AFTERCOOLER OUTLET PRESSURE IND
PRODUCT OIL PUMP A DISCHARGE PRESSURE INDICATOR
PRODUCT OIL PUMP B DISCHARGE PRESSURE INDICATOR
HIGH PRESSURE WATER PUMP DISCHARGE PRESSURE INDICATOR
HYDROGEN RECYCLE COMPRESSOR HYDROGEN SUPPLY PRESSURE IND
MAKF-UP HYDROGEN COMPRESSOR DISCHARGE PRESSURE INDICATOR
OIL STORAGE TANK A HEATING STEAM INLET PRESSURE INDICATOR
OIL STORAGE TANK B HEATING STEAM INLET PRESSURE INDICATOR
OIL STORAGE TANK C HEATING STEAM INLET PRESSURE
HYDRO-TREATED OIL PUMP DISCHARGE PRESSURE INDICATOR
MAKE-UP HYDROGEN COMPRESSOR DISCHARGE PRESSURE INDICATOR
COED OIL PREHEATER COMB CONT PRESSURE INDICATOR
RECYCLE GAS PRESSURE INDICATOR
HYDROGEN RECYCLE COMPRESSOR SUCTION PRESSURE INDICATOR
INSTRUjENT AIR HEADER PRESSURE INDICATOR
INSTRUMENT AIR DRYER BED 1 PRESSURE INDICATOR
INSTRUMENT AIR DRYER BED 2 PRESSURE INDICATOR
FIRST STAGE PYROLYZER CYCLONE B PRESSURE INDICATOR
SECOND STAGE PYPOLYZEK CYCLONE B LVL PRESSURE INDICATOR
THIRD STAGE PYROLYZER CYCLONE B LVL PRESSURE INDICATOR
FOURTH STAGE PYROLYZER HI LVL VAPOR PRESSURE INDICATOR
PREHEATER COED OIL INLET PRESSURE INDICATOR
HYDRO TREATING REACTOR A INLET PRESSURE INDICATOR
HI TEMP FLASH DRUM VAPOR OUTLET PRESSURE INDICATOR
HYDROGEN RECYCLE COPIPFESSOR DISCHARGE PRESSURE INDICATOR
COOLING TOWER PUMPS DISCHARGE HEADER PRESSURE INDICATOR
NITROGEN START UP LINE PRESSURE REGULATOR
1 STAGE RECYCLE GAS COMPRESSOR DSCH BACK PRESS IND CONT
SECOND STAGE GAS COMPRESSOR SUCTION IND PRESSURE CONTROL
SECOND STAGF RECYCLE GAS COMPRESSOR DSCH PRESS IND CONT
SECOND STAGE EECYCLE GAS COMP DSCH/NITROGEN PRESS CONTROL
ROTARY PRESSURE PRECOAT CRUDE OIL FILTER PRESS IND CONT
1 STAGE RECYCLE GAS & INTERSTAGE COMP PRESS 2 CHART RCDR

N\



ERDA COAL CONVEt SION INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE FLOW SHEEV MEASUREMENT NAME / COMMENTS
I.D. NO. BKC 2383

PRC 466 112-3 HYDROGEN MAKE-UP RECORDING PRESSURE CONTROL
PSD 001 111-3 VELOCITY SEPARATOR DISCHARGE PRESSURE SAFETY DISK
PSD 002 111-3 CYCLONE COLLECTOR PRESS SAFETY DISK
PSD 003 111-3 DUST COLLECTOR PRESS SAFETY DISK
PSD 004 111-3 PULVERIZED COAL STORAGE TANK PRESS SAFETY DISK
PSD 021 112-2 HYDRO TREATING REACTOR DSCH PRESS SAFETY DISK
PSV 001 111-3 CYCLONE COLLECTOR PRESS SAFETY VALVE
PSV 002 111-3 DUST COLLECTOR PRESS SAFETY VALVE
PSV 004 111-4 FIRST STAGE RECYCLE GAS COMP B DSCH SAFTY VALVE
PSV 005 111-5 GAS COOLER COOLING WATER SUPPLY PRESSURE SAFETY VALVE

PSV 006 111-5 RECYCLE LIQUOR COOLING WATER INLET SAFETY VALVE
PSV 007 111-4 FIRST STAGE RECYCLE GAS COMPRESSOR A OIL COOLER INLET SV
PSV 008 111-4 FIRST STAGE RECYCLE GAS COMP B OIL CLR INLT SAFETY VALVE
PSV 009 111-7 CHAP COOLER COOLING WATER SUPPLY PRESSURE SAFETY VALVE
PSV 010 111-8 GAS COOLER COOLING WATER SUPPLY PRESSURE SAFETY VALVE

PSV 011 111-8 SECOND STAGE RECYCLE GAS COMPRESSOR DSCH PRESS SAFETY VALVE
PSV 012 111-9 SCRUB LIQUOR COOLER COOLING WATER SUPPLY PRESSURE SAFETY VLV
PSV 014 111-5 PYROLYSIS GAS TO INCINERATOR PRESSURE SAFETY VALVE
PSV 015 111-7 25 KW OXYGEN HEATER INLET PRESSURE SAFETY VALVE
PSV 016 111-3 SECOND STAGE RECYCLE GAS COMPR OIL CLR CLG WTR SPLY PR S VLV
PSV 030 112-1 OIL FEED PUMP A DISCHARGE PRESSURE SAFETY VAL.'JE

PSV 031 112-1 OIL FEED PUMP B DISCHARGE PRESSURE SAFETY VALVE
PSV 032 112-1 PREHEATER RECYCLE GAS INLET PRESSURE SAFETY VALVE
PSV 033 112-1 PREHEATER COED OIL INLET PRESSURE SAFETY VALVE
P3V 034 112-2 HYDRO TREATING REACTOR A INLET PRESSURE SAFETY VALVE
PSV 035 112-2 HYDRO TREATING REACTOR B INLET PRESSURE SAFETY VALVE
PSV 036 112-2 HI TEMP FLASH DRUM VAPOR OUTLET PRESSURE SAFETY VALVE
PSV 037 112-2 LO TEMP FLASH DRUM VENT GAS OUTLET PRESSURE SAFETY VALVE
PSV 038 112-2 REACTOR BOTTOMS COOLER COOLING WATER SUPPLY PRESS SAFETY VLV
PSV 039 112-2 VAPOR CONDENSER COOLING WATER SUPPLY PRESSURE SAFETY VALVE
PSV 040 112-3 HIGH PRESSURE WATER PUMP DISCHARGE PRESSURE SAFETY VALVE

PSV 043 112-2 REACTOR BOTTOMS COOLER COOLING WATER SUPPLY PRESS SAFETY VLV
PSV 044 112-2 REACTOR BOTTOMS COOLER COOLING WATER SUPPLY PRESS SAFETY VLV

PSV 045 112-3 HYDFOGEN RECYCLE COMPRESSOR CLG WTP SPLY PRESS SAFETY VLV

PSV 046 112-3 HYDROGEN RECYCLE COMPRESSOR AFTERCOOLER OUTL PRESS SAF VLV
PSV 058 113-1 INSTRUMENT AIR DRYER BED 1 RELIEF-VALVE



EPDA COAL CONVEY SION INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENTS
I.D. NO. BKC 2383

PSV 059 113-1 INSTRUMENT AIR DRYER BED 2 BELIEF VALVE
PT 008 111-4 10 KW RECYCLE GAS HEATER INLET PRESSURE TRANSMITTER
PT 010 111-4 1.5 KW RECYCLE GAS HEATER INLET PRESSURE TRANSMITTER
PT 018 111-5 PYROLYSIS GAS TO INCINERATOR PRESSURE TRANSMITTER
PT 030 111-6 30 KW RECYCLE GAS HEATER INLET PRESSURE TRANSMITTER
PT 032 111-6 30 KW RECYCLE GAS HEATER INLET PRESSURE TRANSMITTER
PT 034 111-6 30 KW RECYCLE GAS HEATER INLET PRESSURE TRANSMITTER
PT 040 111-7 10 KW RECYCLE GAS HEATER INLET PRESSURE TRANSMITTER
PT 042 111-7 30 KW RECYCLE GAS HEATER INLET PRESSURE TRANSMITIE
PT 046 111-7 FOURTH STAGE PYROLYZER OXYGEN INLET PRESSURE TRANSMITTER

PT 087 111-7 OXYGEN HEADER PRESSTJRE TRANSMITTER
PT 124 112-3 MAKE-UP HYDROGEN COMPRESSOR DISCHARGE PRESSURE TRANSMITTER
PT 204 111-4 FIRST STAGE RECYCLE GAS COMPRESSOR DSCH PRESS TRANSMITTER
PT 240 111-7 FOURTH STAGE PYROLYZER HI LVL VAPOR PRESSURE TRANSMITTER
PT 319 111-8 SECOND STAGE GAS COMPRESSOR SUCTION PRESSURE TRANSMITTER
PT 321 111-8 SECOND STAGE RECYCLE GAS COMPRESSOR DSCH PRESS TRANSMITTER
PT 410 112-1 PREHEATER COED OIL INLET PRESSURE TRANSMITTER
PT 419 112-2 HYDRO TREATING REACTOR A INLET PRESSURE TiANSIITTER
PT u22 112-2 HI TEMP FLASH ERUM VAPOR OUTLET PRESSURE TRANSMITTER
PT 437 112-3 HYPPOGEN RECYCLE COMPRESSOR DISCHARGE PRESSURE TRANSMITTER
PT 466 112-3 RECYCLE GAS PRESSURE TRANSMITTER
PT 630 113-1 COOLING TOWER PUMPS DISCHARGE HEADER PRESSUaE TRANSMITTER
S 410 A 112-1 OIl FEED PUMP A ON/OFF SWITCH
S 4108 112-1 OIL FFED PUMP P ON/OFF SWITCH
SV 0214 111-5 FIRST STAGE OIL PUMP A SUCTION VACUUM BREAKER SV
SV 021B 111-5 FIRST STAGE OIL DUMP B SUCTION VACUUM BREAKER SV
TA 131 111-3 VELOCITY SEPARATOR TEMPERATURE
TA 133 111-3 AIP HEATER DISCHAR E TEMPERATURE HI ALARM
TA 203 111-4 FIFST STAGE PYROLYZER FLUIDIZING GAS HI TEMP ALARM
TA 419 112-1 PRFHEATEP COED OIL TUBE WALL TEMPERATURE ALARM
TA 4?7 112-1 HYDROGEN RECYCLE COMPRESSOR DISCHARGE TEMPERATURE ALARM
TC 033 111-4 FIRST STAGE RECYCLE GAS COMP A DSCH TEMP CONT Hi
TC 004 111-4 FIRST STAGE RECYCLE GAS COMP B DSCH TEMP CONT LO
TC 009 111-4 FIRST STAGE RECYCLE GAS COMP A OIL INLT TEMP CONT HI
TC 010 111-4 FIRST STAGE RECYCLE GAS COMP B OIL INLT TEMP CONT HI
TC 021 111-8 SECCNE STAGE RECYCLE GAS COMPRESSOR OIL CLR OUTL TEMP CONT.



ERDA COAL CONVEY SION INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENTS
I.D. NO. BKC 2383

TC 034 111-8 SECOND STAGE RECYCLE GAS COMPRESSOR DSCH TEMPERATURE CONT

TC 132 111-3 VELOCITY SEPARATOR TEMPERATURE HI CONT
TI 032 111-4 FIRST STAGE RECYCLE GAS COMP DSCH HEADER TEMP IND
TI 005 111-4 FIRST STAGE RECYCLE GAS COMP A OIL OUTL TEMP IND
TI 005 111-4 FIRST STAGE RECYCLE GAS COMP A OIL INLT TEMP IND
TI 007 111-4 FIFST STAGE RECYCLE GAS COMP B OIL INLT TEMP IND
TT 009 111-4 FIRST STAGE RECYCLE GAS COMP B OIL OUTL TEMP IND
TI 011 111-5 RECYCLE LIQUOR COOLER OUTLET TEMPERATURE INDICATOR
TI 012 111-5 RECYCLE LIQUOR COOLER COOLING WATER SUPPLY TEPE(ATURE IND
TI 016 111-5 OIL/WATER DECANTER HEAVY OIL TEMPERATURE INDICATOR
TI 017 111-5 FIRST STAGE OIL DEHYDRATOR TEMPERATURE INDICATOd
TI 018 111-5 FIRST STAGE OIL 'EIGH TANK TEMPERATURE INDICATOR
TI 019 111-8 SECOND STAGE RECYCLE GAS COMPRESSOR OIL COOLER INLT TEMP IND
TI 020 111-8 SECOND STAGE RECYCLE GAS COMPRESSOR OIL COOLER OUTL TEMP IND
TI 027 111-7 CHAR COOLER OUTLET TEMPERATURE INDICATOR
'I 724 111-7 CHAR COOLER COOLING WATER RETURN TEMPERAURE INDICATOR
TI 030 111-7 CHAR CfOLEP COOLTING WATER TO DRAIN TEMPERATURE INDICATOR
-I 033 111-8 SECOND STAGE RECYCLE GAS COMPRESSOR DSCH TEMPERATURE IND
TI 043 111-c SCRUB LIQUOR COOLER OUTLET TEMPERATURE INDICATOR
TI 04'4 111-9 SCRUB LIQUOR COOLER CLG WATER SUPPLY TEMPERATURE INDICATOR
TI 046 111-9 PRODUCT OIL WEIGH TANK TEMPERATURE INDICATOR
TI 047 111-10 PRECOAT TANK TEMPERATURE INDICATOR
TI 048 111-10 FILTER FEED TANK TEMPERATURE INDICATOR
TI 049 111-10 FILTER FEED WEIGH TANK TEMPERATURE INDICATOR
TI 050 111-10 ROTARY PRESSURE PRECOAT CRUDE OIL FILTER TEMPERATURE IND
TI 051 111-10 FILTRATE RECEIVER OUTLET TEMPERATURE INDICATOR
TI 052 111-10 FILTRATE RECEIVER TEMPERATURE INDICATOR
TI 053 111-10 FILTRATE RECEIVERS VENT HEADER TEMPERATURE INDICATOR
TI 054 111-10 FILTRATE HOLD TANK TEMPERATURE INDICATOR
TI 055 113-1 COOLING TOWER PUMPS DISCHARGE HEADER TEMPERATURE INDICATOR
TI 080 112-2 REACTOR BOTTOMS COOLER COOLING WATER RETURN TEMPERATURE IND
TI 081 112-2 REACTOR BOTTOMS COOLER OUTLET TEMPERATURE INDICATOR
TI 082 112-2 HI TEMP FLASH DRUM INLET TEMPERATURE INDICATOR
TI 083 112-2 RI TEMP FLASH DRUM VAPOR OUTLET TEMPERATURE INDICATOR
TI 084 112-2 VAPOR CONDENSER COOLING WATER RETURN TEMPERATURE INDICATOR
TI 085 112-2 VAPOR CONDENSER OUTLET TEMPERATURE INDICATOR



ERDA COAL CONVEi SION INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICH APE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE FLOW SHET MEASUREMENT NAME / COMMENTS
I.D. NO. BKC 2383

TI 086 112-2 LO TEMP FLASH DRUM INLET TEMPERATURE
TI 087 112-2 LO TEMP FLASH DRUM VENT GAS OUTLET TEMPERATURE INDICATOR
TI 088 112-2 LIGHT OIL WEIGH TANK TEMPERATURE INDICATOR
TI 089 112-3 HEAVY OIL PRODUCT WEIGH TANK TEMPERATURE INDIeTU~n
TI 090 112-3 HEAVY OIL PRODUCT UTFIGH TANK TEMPERATURE INDICATOR
TI 005 113-1 INSTRUMENT AIR DRYER BED 1 TEMPERATURE INDICATOR
TI 096 113-1 INSTRUMENT AIR DRYER BED 2 TEMPERATURE INDICATOR
TI 300-)5 VENIUFI SCRUBBER COOLEP PYROLYSIS GAS INLET TEMP INDICATOR
TI 300-06 111-5 GAS LIQUID SEPARATOR PYROLYSIS GAS OUTLET TEMP INDICATOR
TI 200-07 111-5 PYPCLYSIS GAS TO INCINERATOR TEMPERATURE INDICATOR
TI 300-09 111-5 OIL/WATER DECANTER TEMPERATURE INDICATOR
TI 300-1 111-4 FIRST STAGE PYROLYZER CRUSHED COAL INLET TEMP INDICATOR

REVIEWED 7/18. NO PROBLEMS
TI 300-10 111-5 FIRST STAGE OIL DEHYDRATOR TEMPERATURE INDICATOR
TI 3') 11 111-6 SECOND STAGE PYROLYZER CRUSHED COAL INLET TEMP INDICATOR
TI 3(O0-12 111-5 SECOND STAGE PYROLYZEr MIXED FINES INLET TEMPERATURE IND 0

T_ 301-13 111-6 SECOND STAGE PYROLYZER FINES INLFT TEMPERATURE INDICATOR
TI 300-1u 111-6 THIRD STAGE PYROLYZEF CRUSHED COAL INLET IEPE:RATURE IND
TI 300 -15 111-6 THIFD STAGE PYROLYZER COAL/CHAR INLET TEMPuAT URE INDICATOR
TI 301-16 111-7 FOURTH STAGE PYROLYZER CHAR INLET TEMPERAIURE INDICATOR
TI 303-17 111-5 30 KW PECYCLE GAS HEATER OUTLETT TEMERATURL INuICATO^
TI 3C0-18 111-6 NO 6 MIXING TEE HOT GAS INLET TEMPERATURE INDICATOR
TI 300-19 111-6 NO a MIXING TEE HOT GAS INLET TEMPFPATURE INDICATOR
TI 301-2 111-4 EXTERNAL CYCLONE GAS INLET TEMPERATURE INDICATOR
TI 300-2f 111-7 PYROLYSIS GAS TEMPERATURE INDICATOR
TI 300-22 111-6 FINES IN WEIGH TANK TEMPERATURE INDICATOR
:1 300-23 111-8 VENTUFI SCRUDBFn ?YPOLYSIS GAS INLET TEMPERATURE INDICATOR
TI 303-24 111-8 GAS/LIQUID SEPARATOR PYPOLYSIS GAS OUTLET TEiPERATURE IND
TI 300-25 111-8 GAS COOLER INLET TEMPERATURE INDICATOR
TI 300-26 111-8 GAS/WATEP SEPARATOR PYPOLYSIS GAS OUTLET I dPPrATURE IND
TI 300-27 111-8 RECYCLE GAS/NITROGEN TEMPERAIJRE INDICATOR
TI 300-28 111-9 OIL/WATER DECANTER WATER TEMPERATURE INDICATOR
TI 300-29 111-9 OIL/WATER DECANTER HEAVY OIL TEMPERATURE INDICATOR
TI 3C0-3 111-4 10 KW RECYCLE GAS HEATER OUTLET TEMPERATURE INDICATOR
TI 300-30 111-9 HEAVY OIL DEHYDRATOR TEMPERATURE INDICATOR
TI 300-31 111-9 OIL DEHYDRATOR TEMPERATURE INDICATOR



ERDA COAL CONVEY SION INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE
I.D. NO.

TI 300-32
TI 309-33
TI 300-34
TT 300-35
TI 300-36
TT 300--4
TrI 500-1
TI 500-2
TI 500-3
TI 500-4
T1 500-5
TI 500-6
TI 500-7
TIC 245
TIC 245C
TIC 246
TIC 214bC
TIC 247
TIC 340
TIC 4.08 A
TIC 408 B
TIC 422
TIC 460
TIC 461
TIC 1462
79 200-02
TR 200-03
TR 200-04
TR 200-05
TR 200-06
TR 200-07
TR 200-08
TR 200-09
TR 200-10
TR 200 11
TR 200-12

MEASUREMENT NAME / COMMENTSFLOW SHE?-T
BKC 2383

111-3
111-3
111-9
111-9
113-1
111-4
112-1
112-1
112-2
112-2
112-4
112-4
112-4
111-7
111-7
111-7
111-7
111-7
111-9
112-1
112-1
112-2
112-4
112-4
112-4
111-14
11 1-4

111-4
111-6
111-6
111-5;
111-6
111-6
111-6
111-6
111-6

ATR HEATER DISCHARGE TFMPERATURE IND
EIELOCITY SEPARATOR TEMP IND

OIL STORAGE TANK A TEMPERATURE INDICATOR
OIL STORAGE TANK B TEMPERATURE INDICATOR
COOLING TOWER PUMPS DISCHARGE HEADER TEMPERATURE INDICATOR
1.5 KW RECYCLE GAS HEATER OUTLET TEMPERATURE INDICATOR
OIL FE1D TANK A TEMPERATURE INDICATOR
OIL FEED TANK B TEMPERATURE INDICATOR
REACTOR BOTTOMS COOLER OUTLET TEMPERATURE INDICATOR
VAPOR CONDENSER OUTLET TEMPERATURE INDICATOR
OIL STORAGE TANK A TEMPERATURE INDICATOR
OIL STORAGE TANK B TEMPERATURE INDICATOR
OTI STORAGE TANK C TEMPERATURE INDICATOR
10 KW RECYCLE GAS HEATER OUTLET TEMPERATURE IND CONT
10 KW RECYCLE GAS HEATER HI SHEATH TEMP IND CONT
25 KW OXYGEN HEATER OUTLET TEMPERATURE IND CONTROL
25 KW OXYGEN HEATER HI SHEATH TEMPERATURE IND CONTROL
35 KW STEAM SUPERHEATER OUTLET TEMPERATURE IND CONTROL
HEAVY OIL DEHYDRATOR TEMPERATURE INDICATING CONTROLLER
OTL FEED TANK A TEMPERATURE INDICATING CONTROLLER
OIL FEED TANK B TEMPERATURE INDICATING CONTROLLER
HI TEMP FLASH DRUM INLET TEMPERATURE INDICATING CONTROLLER
OIL STORAGE TANK A TEMPERATURE INDICATOR CONTROLLER
OIL STORAGE TANK B TEMPERATURE INDICATING CONTROLLER
OIL STORAGE TANK C TEMPERATURE INDICATING CONTROLLED
FIRST STAGE PYROLYZER LVL B VAPOR TEMP RECORDER
FIRST STAGE PYROLYZER FLUID BED LO LVL TEM? RECORDER
FIRST STAGE PYROLYZER FLUIDIZING GAS TEMP REC)RDLR
SECOND STAGE PYROLYZER PYROLYSIS GAS OUTLET TEMP RECORDER
SECOND STAGF PYROLYZER CYCLONE A LVL VAPOR IEMP RECORDER
SECOND STAGE PYROLYZER FLUID BED HI LVL TEMP RECORDER
SECOND STAGE PYROLYZER FLUID BED MID LEVEL TEMP INDICATOR
SECOND STAGE PYROLYZER PYROLYSIS GAS INLET TEMPERATURE RCDR
THIRD STAGE PYROLYZER VAPOR LVL 2 TEMP RECORDR
THIRD STAGE PYROLYZER VAPOR LVL 1 TEMP RECORDER
THIRD STAGE PYROLYZER FLUID BED HI LVL TEMP RECORDER

W-



ERDA COAL CONVEY SION INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONLTiNJUED)

DEVICE
I.D. NO.

TR 200-13
TR 200-14
TR 20)-15
TR 200-16
TR 20'-17
TR 200-2
TR 200-3
TR 200-4
TR 400-01
TR 400 11
TR 400-12
TR 400-5
TR 400-6
TR 400-7
Ti 40.1-8
TR 400-q
TR 401-1
TR 401-2
TB 41-3
TR 401-4
TR 401-5
TR 40 1-6
TR 401-7
TR 4'1-8
TRC 130
TRC 21"
TRC 220
TRC 230
TRC 240
TRC 419
TT 205
TT 210
TT 219
TT 240
TT 245
TT 246

MEASUREMENT NAME / COMMENTSFLOW SHEET
BKC 2383

111-6
111-7
111-7
111-7
111-7
111-4
111-4
111-4
112-2
112-2
112T2
112-2
112-2
11 2-2
112-2
112-2
11 2-2
112-1
112-2
112-1
112-1
112-2
112-2
112-3
111-?
111-4
111-E
111-6
111-7
112-1
111-4
111-4
111-4
111-7
111-7
111-7

THIRD STAGE PYROLYZER PYROLYSIS GAS INLET TEMPERATURE RCDR
FOURTH STAGE PYROLYZER FLUID BED HI LVL TEMP RECORDER
FOURTH STAGE PYROLYZER BED BOTTOM TEMPERATURE RECORDER
FOURTH STAGE PYROLYZER ASH PIr TEMPERATURE RECORDER
FOURTH STAGE PYROLYZER OXYGEN INLET TEMPEEATUdi RECORDER
FIRST
FIRST
FIRST
HYDPO
HYDRO
HYDRO
HYDRO
HYDRO
HYDPO
HYDRO
HYDRO
HYDFO

STAGE PYFOLYZEP
STAGE PYROLYZER
STAGE PYPOLYZER
TREATING
TREATING
TREATING
TREATING
TREATING
TREATING
TREATING
TREATING
TREATING

PREHEATER COED
HYDRO TREATING

REACTOR A
REACTOR B
REACTOR B
REACTOR A
REACTOR A
REACTOR B
REACTOR P
REACTOR A
REACTOR B
OIL INLET
REACTOR A

LVL B VAPOR TEMP RECORDER
FLUID BED LO LVL TEMP RECORDER
FLUIDIZING GAS TEMP REC3DDER

TEMPERATURE RECORDER CHART 1
SECT A TEMPERATURE RCDR CHART 11
SECT B TEMPERATURE RCDR CHART 12
TEMPERATURE RECORDER CHART 5
TEMPERATURE RECORDER CHART 6
SECT A TEMPERATURE RCDR CHART 7
SECT B TEMPERATURE RGDR CHART 8
TEMPERATURE RECORDER CHART 9
INL T TEMPERATURE RECORDER CHART
TEMPERATURE RECORDER
INLET TEMPERATURE RE;ORDER CHART

tN3

1

3
PREHEATER STACK TEMPERATURE RECORDER
PREHEATER RECYCLE GAS OUTLET TEMPERATURE RECORDER
HYDRO TREATING REACTOR B TNLET TEMPERATURE RECORDER CHART 4
HYDRO TREATING REACTOR B OUTLET TEMPERATURE RECORDER CHART 7
HYDROGEN RECYCLE COMPRESSOR DISCHARGE TEMP RCDR CHART 8
VELOCITY SEPAFATOR TEMPERATURE RECORDER
FIPST STAGE PYROTYZER FLUID BED MID LVL TEMP RECORDER
SECOND STAGE PYPOLYZFR FLUID BED HI LVL REC TEMP CONTRO
THIRD STAGE PYROLYZEP FLUID BED RECORDING TEMP CONTROLLER
FOURTH STAGE PYROLYZER ASH PIT TEMPERATURE RECO DING CONTROL
PREHEATER COED OIL. OUTLET TEMPERATURE RECORDING CONTROLLER
10 KW RECYCLE GAS HEATED OUTLET TEMPERATJLE iRANSMILTFR
FIRST STAGE PYROLYZER FLUID BED MID LVL TEMP TRANSMITTER
1.5 KW RECYCLE GAS HEATER OUTLET TEMPERATURE IRANoMITTER
FOURTH STAGE PYROLYZER ASH PIT TEMPERATURE TRANSMITTER
1O KW RECYCLE GAS HEATER OUTLET TEMPERATURE TRANSdITTER
25 KW OXYGEN HEATER OUTLET TEMPERATURE TRANSMITTER



ERDA COAL CONVERT SION INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICF ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENTS
I.D. NO. BKC 2383

TT 2!47 111-7 35 KW STEAM SUPERHEATER OUTLET TEMPERATURE TRANSMITTER
TT 248 111-7 30 KW RECYCLE GAS HEATER OUTLET TEMPERATURE TRANSMITTER
TT 419 112-1 PREHEATER COED OIL OUTLET TEMPERATURE TRANSMITTER
TT 422 112-2 HI TEMP FLASH DRUM INLET TEMPERATURE TRANSMITTER
TW 013 111-5 RECYCLE LIQUOR COOLER COOLING WATER RETURN TEMP TEST WELL
TW 314 111-5 RECYCLE LIQUOR PUMPS DISCHARGE HEADER TEMPERATURE TEST WELL
TW 015 111-5 GAS COOLER COOLING WATER RETURN TEMPERATURE TEST WELL
TW 032 111-8 GAS COOLER COOLING WATER RETURN TEMPERATURE TEST WELL
TW 042 111-q SCRUB LIQUOR COOLER INLET TEMPERATURE TEST WELL
TW 045 111-9 SCRUB LIQUOR COOLER COOLING WATER RETURN TEMPERATURE TEST



ERDA COAL CONVERSION INSTRUMENTATION REVIEW FOR THE C02 ACCEPTOR PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS

FLO SHEET MEASUREMENT NAME / COMMENTS
SPC

AIT 1000 201
AlT 1001 202
AM 1000 201
AM 1001 202
AM 2001 205
A'" 2002 205
AM 2002 A 205
AR 1000 201
AR 1000A 202
AR 1001 201'P 1 01A 202
AR 2001 205
AF 2C02 205
ARO 1323 201
AFO 2140 202
RO 2141 202

ARO 2187 204-2
ASH 1001 202
CCS 1000 201
CCS 1001 202
CCS 2001 204-1
CCS 2003 204-1
CCS 2004 204-1
CE 100r 201

CE 1001 202
CE 1003 201

CE 2001 204-1
CE 2003 204-1
CE 2004 204-1
CSV 1000 201

CSV 1001A 202
CSV 1001B 202
CSV 1002 201

DRYER FURNACE STACK 02 ANALYTICAL INDICATING TRANSMITTER
02 IND ANALYTICAL XMTR
DRYFP FURNACE STACK 02 ANALYTICAL RECORDER SIGNAL CONVERTOR
02 ANALYTICAL SIGNAL XVERTOR
RG CYCLONE FLUE GAS OUTL 02 ANALYSIS XDCR
RG CYCLONE FLUE GAS OUTL CO ANALYSIS XDCR(
RG CYCLONE FLUE GAS OUTL CO ANALYSIS XDCR A
DPYER FURNACE STACK 02 RECORDER
02 ANALYTICAL RCDR
DRYER FURNACE STACK 02 ANALYTICAL RECORDER LOCAL PANEL
02 ANALYTICAL RECORDER
RG CYCLONE FLUE GAS OUTL 02 ANALYSIS REC
RG CYCLONE FLUE GAS OUTL CO ANALYSIS REC
DRYER FURNACE FUEL GAS INLET ADJUSTABLE RESTRICTION ORIFICE
EQUALIZING HDF VENT ADJ R i2CT ORIF
LIGNITE IN HOPPER VENT GAS ADJUSTABLE RESTRICTION ORIFICE
DV CYCLE COMP ADJ REST ORIF
02 ANALYTICAL SWITCH HI
DRYER FURNACE COMBUSTION CONTROL SWITCH
PRHTR FURNACE COMBUSTION CONTROL SW
AIR HEATER PILOT SAFETY CONTROL VALVE
DOLOMITE LIFT HTP COMBUSTION CONT SW
CHAR lIFT HEATER COMBUSTION CONT SW
DRYER FURNACE COMBUSTION ELEMENT

IGNITOR
PRHTR FURNACE INERT GAS INLET COMBUSTION ELMT
DRYER FURNACE STACK IGNITOR

IGNITOR
AIR HEATER COMBUSTION ELEMENT
DOLOMITE LIFT HTR COMBUSTION ELMT
CHAR LIFT HEATER COMBUSTION ELMT
DRYER FURNACE FUEL GAS INLET COMBUSTION SAFETY VALVE

STANDARD BLEED VALVE WIH DOUBLE BLOCK VALVES
PRHTR FURNACE TEMP CONT SOL VLV
PRHTR FURNACE FUEL GAS INLT SOLENOID VALVE
DRYER FURNACE FUEL GAS COMBUSTION SAFETY VALVE

I.D. NO.



ERDA COAL CCNVERSIO INSTRUMENTATION REVIEW FOR THE C02 ACCEPTOR PROCESS
INSTRUMENTS WHICH APE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE
T .D. NO.

CSV 2001B
CSV 2003A
CSV 2003B
CSV 2004A
CSV 2004B
CV 001
CV 002
CVS 2001A
DPCV 1003
DPCV 1005
DDCV 1006
DPCV 1010
DPCV 2000

DPCV 2C036
DPCV 2007
DPCV 2010
DPCV 2026
DPCV 2030
DPCV 2030A
DPCV 2036
DPCV 2037
DPCV 2050
DPCV 2051
DPCV 2055
DPCV 2056
DPCV 2057
DPCV 2071
DPCV 2072
DPI 1004
DPI 1007
DPI 1008
DPI 2011
DPI 2061
DPI 3008

MEASURFMENT NAME / COMMENTSFLOW SHEET
SRC

204-1
204-1
204-1
204-1
204-1
205
205
204-1
202
201
20 3-2
202
207

203-1
203-1
203-1
203-1
202
202
203-1
203-1
202
202
203-2
203-2
203-2
202
202
202
201
201
203-1
204-1
208

AIP HEATER FUEL GAS SAFETY SOL VLV A
DOLOMITE LIFT HTR FUEL GAS CONT SOL VLV
DOLOMITE LIFT HTP FUEL GAS INLT CONT SOL VLV
CHAP LIFT HEATER GAS SAFETY SHUT OFF VLV
CHAP LIFT HEATER GAS SAFETY SHUT OFF VALVE
ASH OUT HOPPER B INLT CONT VLV
ASP OUT HOPPER A INLT CONTROL VALVE
AIR HEATER FUEL GAS SAFETY SOL VLV A
FURNACE PILOT D/P CONT.VLV
DRYER FURNACE FUEL GAS INLET D/P CONTROL VALVE
HOT LIGNITE FEEDER PURGE D/P CONT VALVE
IGNITOR AIR LINE D/P CONT VLV
QUENCHED GAS STRM 1 DIFFL PRESS CONT VLV

EASY SERVICE-MINOR EROSION
THROTTLE PLUG,GATE OR BALL ALL OK

SPENT DOLOMITE LINE VALVE PURGE GAS D/P CONIRJL VALVF
PURGE GAS SUPPLY D/P CONTROL VALVE
DOLOMITE LINE RECYCLE FLUE GAS D/P CONTROL VAi.VE
DOLOMITE DSCH LINE D/P CONTROL VALVE
QUENCHED FLUE GAS D/P CONT VLV
QUENCHED FLUE GAS D/P CONT VLV
COKE LINE DIFFERENTIAL PRESSURE CONTROL VALVE
PURGE GAS FOR SPEND DOLOMITE VALVE D/P CONTROL VALVE
LIGNITE HOPPER PURGE SAS D/P CONT VLV
FEEDER B PURGE DIP CONT VLV
PURGE GAS D/P CONT VLV
PURGE GAS D/P CONT VLV
PURGE GAS D/P CONT VLV
LIGNITE HOPPER PURGE GAS D/P CONT VLV
LIGNITE FDR B PURGE GAS D/P CONT VLV
WASTE LIGNITE LINE DP IND
WILLIAMS MILL/SEPARATOR/FEEDER D/P INDICATOR
BAG HOUSE DIFFERENTIAL PRESSURE INDICATOR
DIFFERENTIAL PRESSURE OVER DOLOMITE OUT HOPPEd INDICATOR
MAIN AIR COMP LUBE OIL FILTER D/P IND
HPC ABSORBER DIFFERENTIAL PRESS IND

STD DEVICE

twn



ERDA COAL CONVERT SION INSTRUMENTATION REVIEW FOR THE C02 ACCEPTOR PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS CONTINUEDD)

DEVICE
I.D. NO.

DPI 3009

DPI 3010

DPIC 2071
DPIC 2072
DPIE 2038
DPIS 2038
DPIS 2039
DPIS 2039A
DPIS 2039B
DPR 1001
DPR 1002
DPR 1003
DPR 2001
DPR 2002
DPR 2003
DPR 2004
DPR 2005
DPR 2008
DPR 2009
DPR 2013
DPR 2014
DPP 2021
DPR 2022
DPR 2025
DPR 2027
DPR 2028
DPR 2029
DPR 2031
DPP 2132
DPR 2033
DPR 2034
DPP 2035
DPR 2043
DPR 2044

FLOW SHEET MEASUREMENT NAME / COMMENTS
SRC

208

208

202
202
202
203-2
202
203-2
203-2
202
202
202
203-1
203-1
203-1
203-1
20 3-1
203-1
203-1
203-1
203-1
203-1
203-1
203-1
203-1
203-1
203-1
203-1
2^ 3-1
203-1
20 3-1
203-1
203-1
203-1

HPC FILTER DIFFL PRESS IND
STD DEVICE

HPC STRIPPER DIFF PRESS IND
STD DEVICE

LIGNITE HOPPER PURGE D/P IND CONT
LIGNITE FDR B D/P IND CONT
LIGNITE HOPPERS D/P IND SW HI/LO
LIGNITE FEED LINE B D/P IND SW
LIGNITE FDR B D/P IND SW HI/LO
LIGNITE FEED LINE A D/P IND SW
LIGNITE HOPPERS PURGE LINE D/P IND SW
LIGNITE PRHTR BED LVL D/P RCDR
LIGNITE PRHTR BED LVL D/P RCDR
LIGNITE PRHTR BED LVL D/P RCDR
DEVOLATILIZER FLUID BED D/P RECORDER
DEVOLATILIZEP FLUID BED LEVEL D/P PECORDER
DEVOLATILIZER FLUID BED LEVEL D/P RECORDER
DEVOLATILIZER DOLOMITE POT D/P RECORDER
DEVOLATILIZER DOLOMITE POT D/P RECORDER
DOLOMITE LINE DIFFERENTIAL PRESSURE RECORDER
DOLOMITE LINE D/P RECOPDEP
COKE/CHAR LIFT LINE D/P RECORDER
GASIFIER CHAP DSCH LINE DIFFERENTIAL PRESS add:auER
SPENT DOLOMITE/LIFT GAS D/P RECORDER
SPENT DOLOMITE DSCH LINE D/P RECORDER
DOLOMITE SUPPLY LINE D/P RECORDER
SPENT CHAP LINE DIFFERENTIAL PRESSURE RECORDER
SPENT CHAR LINE DIFFERENTIAL PRESSURE RECOADZt
SPENT CHAR DSCH LINE DIFFERENTIAL PRESSUuE ECOkDhit
GASIFIER BED LEVEL DIFFERENTIAL PRESSURE RECORD.
GASIFIER FLUID BED LEVEL D/P RECORDER
GASIFIER FLUID BED LEVEL D/P RECORDER
GASIFIER SPENT DOLOMITE BED D/P RECORDER
GASIFIER SPENT DOLOMITE BED D/P TRANSMITTER
DEVOLATILIZER RECYCLE GAS/PROZESS GAS DSCH D/2 RECORDER
PROCESS GAS 1/2 DIFFERENTIAL PRESSURE RECORUER

W

a'



ERDA COAL CONVEY SION INSTRUMENTATION REVIEW FOR THE C02 ACCEPTOR PROCESS
INSTRUMENTS WHICH APE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE
I.D. NO.

DPRC 2000
DPRC 2006
DPRC 2007
DPRC 2010
DPRC 2026
DPRC 2030
DPRC 2036
DPRC 2037
DPS 1000

DPS 1001
DPS 1003
DPS 2002
DPS 2026
DPS 2030
DPS 2032
DPSH 1011
DPSH 2003
DPSH 2033
DPSH 3001
DPSH 3002
DPSH 3003

DPSH 3004

DPSHL 2000
DPSL 1012
DPSL 2028
DPSL 2046L
DPSL 2048L
DPSL 2049D
DPSL 2049L
DPSL 2053
DPSL 2054
')PT 1002
DPT 2000H

FLOW SHEET MEASUREMENT NAME / COMMENTS
SRC

203-1
203-1
203-1
203-1
203-1
203-1
203-1
203-1
201

202
202
203-1
20 3-1
203-1
203-1
20 1
203-1
203-1
205
206
207

207

203-1
201
203-1
203.2
203-2
20 3-2
203-2
202
202
202
203-2

DEVOLATILIZER VAPOR SPACE/FLUE GAS D/P RECORDING CONTROLLER
SPENT DOLOMITE LINE VALVE PURGE GAS D/P RECORDING CONTROLLER
PURGE GAS SUPPLY D/P REGULATING CONTROL
DOLOMITE LINE RECYCLE GAS D/P REGULATING CONTROL
GASIFIEP DOLOMITE SUPLY LINE D/P RECORDING CONTROLLER
PROCESS GAS 1/2 D/P RECORDING CONTROLLER
COKE LINE DIFFERENTIAL PRESSURE RECORDING CONTROLLER
PURGE GAS D/P RECORDING CONTROLLER
WILLIAMS MILL/SEPARATOR/FEEDER DIP SWITCH

NO CONTROL SHOWN
LIGNITE PRHTR BED LVL D/P SW LO
LIGNITE PRHTR BED LVL D/P SW HI
DEVOLATILIZER FLUID BED LEVEL D/P SWITCH
GASIFIER DOLOMITE SUPPLY D/P SWITCH HI-LO
PROCESS GAS 1/2 DIFFERENTIAL PRESSURE SWITCH H/L
GASIFIER FLUID BED LEVEL D/P SWITCH
BAG HOUSE HIGH DIFFERENTIAL PRESSURE-START CARRIAGE MOTOR
DEVOLATILIZER FLUID BED LEVEL D/P SWITCH HIGH
GASTFIER FLUID BED LEVEL D/P SWITCH HIGH
RG QUENCH PMP' DSCH HDR FLTR DIFFL PRESS SW HI
GF QUENCH STRAINER HI DIFFL PRESS SW
DV RECYCLE FILTER HI DIFFL PRESS SW

GENERALLY S.O.P.
DV QUENCH PMPS DISCH FILTER HI DIFFL PRESS SW

S.O.P
DEVOLATILIZER TOP/FLUE GAS D/P SWITCH HIGH/LOS
BAG HOUSE LOW DIFFERENTIAL PRESSURE-STOP CARRIrtGE MOTOR
SPENT CHAP LINE DIFFERENTIAL PRESSURE SWITCH LOW
DEVOLATILIZER BED LEVEL D/P SWITCH LO
REGENEPATOR/GASIFIER D/P LINE D/P SW LO
DEVOLATLIZER/GASIFIER D/P LINE PURGE D/P SW LO
GASIFIER BED LEVEL D/P SW LO
EQUALIZING HDR D/P SW LO
LIGNITE FDR B D/P PURGE SW LO
LIGNITE PRHTR BED LVL D/P XMTR
DEVOLATILIZER BED LEVEL D/P XMTP LO

t7i
I

W



ERDA COAL CONVEt SION INSTRUMENTATION REVIEW FOR THE C02 ACCEPTOR PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CON1'INUED)

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENTS
T.D. NO. SRC

DPT 2000L 203-2 GASIFIER BED LEVEL D/P XMTR
DPT 2018 203-2 REGENERATOR PURGE LINE D/P '2MTR
DPT 2019 203-2 DOLOMITE FDR/REGENERATOR D/P XMTR
DPT 2020 203-2 REGENERATOR BED LEVEL D/P XMTR
DPT 2024 203-2 DEVOLATILIZER/GASIFIER D/P LINE PURGE D/P XMTR
DPT 2027B 203-2 SPENT CHAR LINE D/P XMTR
DPT 2036B 203-2 GASIFIER SPENT CHAR LINE PURGE D/P Xr1TR
DPT 2043H 203-2 DEVOLATILIZER BED LEVEL D/P XMTR HI
DPT 2071 202 LIGNITE HOPPERS D/P XMTR
DPT 2072 202 LIGNITE FDR B D/P XMTR
EDV 2051 202 QUENCHED FLUE GAS SOL VLV
EHC 1016 201 BELT FEEDER MOTOR ELECTRICAL HAND CONTROLLER
EHC 1019 201 DOLOMITE VIBRATING FEEDER B MOTOR ELECTRICAL HAND CONTROLLER
EHC 1020 201 DOLOMITE VIBRATING FEEDER A MOTOR ELECTRICAL HAND CONTROLLER
EHC 1023 201 LIGNITE CRUSHER FEEDER MOTOR ELECTRICAL BAND CONTROLLER
EHC 1+25 201 DOLOMITE SCREEN AND BUCKET ELEVATOR MOTORS ELEC HAND CONTROL
EHC 2054 202 LIGNITE DSCH VLV MTR ELEC HAND CONT
EHC 2055 202 LIGNITE FDR B DSCH VLV ELEC HAND CONT
EHC 2056 203-1 DOLOMITE OUT HOPPER DSCH ROTARY VALVE MOTOR ELECT HAND SW
1HS 1001 201 INEPT GAS OUT LINE FROM WILLIAMS MILL VALVE MOTER HAND SW
EHS 1009 202 INERT GAS CV ELEC HAND SW
EHS 1013 201 LIGNITE SURGE BIN INLET CONTROL VALVE ELECTRICAL HAND SWITCH
EHS 1015 202 HOT LIGNITE FEEDER MOTOR ELEC HAND SW
EHS 1016 201 BELT FEEDER MOTOR ELECTRICAL HAND SWITCH
EHS 1017 201 LIGNITE CRUSHER FEEDER MOTOR ELECTRICAL HAND SWITCH
EHS 1019 201 DOLOMITE VIBRATING FEEDER B MOTOR ELECTRICAL HAND SWITCH
EM1 1020 201 DOLOMITE VIBRATING FEEDER A MOTOR ELECTRICAL HAND SWITCH
EHS 1023 201 LIGNITE CRUSHER FEEDER MOTOR ELECTRICAL HAND SWITCh
EHS 1024 201 LIGNITE CRUSHER MOTOP ELECTRICAL HAND SWITCH
EHS 1026 201 AIP FAN MOTOR START/STOP SELECTOR SWITCH
EHS 1027 201 DRY LIGNITE FEEDER ELECTRICAL HAND SWITCH
EHS 1029 201 MAIN FAN MOTOR START/STOP SELECTOR SWITCH
EHS 1031 201 LIGNITE REDLER ELEVATOR MOTOR ELECTRICAL HAND SWITCd
EHS 1032 202 ROOTS COMPRESSOR MOTOR ELEC HAND SW
EHS 1035 201 SECONDARY FAN MOTOR START/STOP SELECTOR SWITCH
FHS 1043 201 WILLIAMS MILL MOTOR ELECTRICAL HAND SWITCH



ERDA C'TAL CONVEt SION INSTRUMENTATION REVIEW FOR THE C02 ACCEPTOe PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DFV:CE FLOW SHEET MEASUREMENT NAME / COMMENTS
I.D. NO. SRC

EHS 1051 201 DRY LIGNITE FEEDER LN A ROTARY VALVE COUNT ELEC HaND SWITCH
EHS 1052 201 LIGNITE CYCLONE INLET INERT GAS SUPPLY CONTROL VLV ZLEC SW
EHS 2000 203-1 DEYOLATILIZEP WASTE GAS VALVE ELEC HAND SW
ENS 2001 203-1 SPENT DOLOMITE LINE VALVE MANUAL ELECTRIC SWITCH
EHS 2002 203-1 COKE DISCHARGE LINE VALVE ELECTRICAL HAND SITCH
ENS 2003 203-1 GASIFIER SPENT DOLOMITE LINE ELECTRIC HAND SWITCH
ENS 2004 203-1 DUMP HOPPER INLET C')NT VLV ELECTRIC HAND SWITCH
EHS 201T 203-1 DEVOLATILIZER HEATER ELECTRIC HAND SWITCH
EHS 2010 203-1 SPENT DOLOMITE DSCH CV HAND OPTD ELECTRIC SWITCH
ENS 2013 203-1 GASIFIER COKE DSCII LINE VALVE ELECTRICAL HAND SWITCH
EHS 2014 203-1 DEVOLATILIZER PROCESS GAS SOLENOID VALVE ELEC HAND CONTROL
ENS 202T 203-1 GASIFIER ELECTRICAL HAND SWITCH

TIED TO A GASIFIER DEVICE WHICH WAS DISCONNiCIED OP REOVFD

EHS 2022 204-1 AIR HEATER INLET AIR SLEC SW w
EHS 2023 204-1 CHAR LIFT HEATER RECYCLE GAS VALVE MANUAL ELECT SW ,TCH
ENS 2024 204-2 RECYCLE GAS 2 VLV COUNT ELEC SW
EHS 2026 204-2 RECYCLE GAS 1 CONT ELEC SW
ENS 2030 203-1 DOLOMITE SUPPLY CONTROL VALVE ELECTRICAL HAND SWITCH
EHS 2041 204-1 DOLOMITE LIFT GAS HTR LIFT GAS INLT CV ELEC MANUAL SW
ENS 2059A 205 ASH OUT HOPPER A INLET CV ELEC HAND SW
ENS 20598 205 ASH OUT HOPPER A OUTL CV ELEC HAND SW
ENS 2060A 205 ASH OUT HOPPER B OUTL CV ELEC HAND SW
ENS 20608 205 ASH OUT HOPPER B OUTL CV ELEC HAND SW
ENS 2062 204-1 RECYCLE FLUE GAS CON? A ELEC HAND SW
EHS 2063 204-1 RECYCLE FLUE GAS COMP 8 MOTOR ELEC HAND S
EHS 2066 202 LIGNITE HOPPER 8 ELEC HAND SW
ENS 2076 204-2 DV CYCLE COMP A MOTOR ELEC SW
ENS 2077 204-2 DV CYCLE CORP 3 MOTOR ELEC SW
ENS 2078 204-2 QUENCHED FUEL GAS COMP A MOTOR ELEC SW
ENS 2079 204-2 RECYCLE FLUE GAS COMPRESSOR B MOTOR ELEC SW
ENS 2080 203-3 DV JACKET WATER CIRC PUMP MOTOR MANUAL SW
ENS 2081 203-3 RG JACKET WATER CIRC PUMP MOTOR MANUAL SW
ENS 2082 203-3 CIRC PUMP B MOTOR MANUAL SW
ENS 2083 203-3 RG JACKET WATER CIRC PRMP MOTOR A MANUAL SW
ENS 2084 203-3 RG JACKET WATER CIRC PUMP MOTOR B MANUAL SW
ENS 2085 202 LIGNITE HOPPER INLT VALVE ELECT HAND SW



ERDA COAZ COWVEESION INSTRUNEPTATION REVIEW 'FOR THE C02 ACCEPTOR PROCESS
INSTRUMENTS WICH APE ACCEPTABLE IN SCALED UiP PLANTS (COMIIWUED)

DEVICE
I.0. NO.

ENS 2097
ENS 2098
ENS 3001

E1 1006
El 10'7
El 1034
EI 1040
El 1o! 5
EI 1053
EI 1O5#
EI 1055
FP 2121
El 2122
EI 2123
El 2124
FCV 1006
FCV 1009
FCV 2000
PCV 2004
PCV 2013
PC? 2014
FCI 2028

PCI 2028A

PC,
PC,
PC,
PC,

2032
2113
2126

30 3

PCV 3014

PC! 3036
FCv 3037

FLOW SHEET NEASURENENT NANE / CONUENS
SRC

205
205
208

201
201
201
201
2C1
201
201
201
203-1
203-1
203-1
2n.11
232
202
203-1
203-1
204-1
2) -1
209

208

201-1
204-1
204-21
201

2C4

206
207

ASH OUT HOPPER A RELIFF VENT GAS CV ELEC MAND SW
ASH OUT HOPPER B RELIEF VENT GAS CV ELEC MAID SW
RECYCLE C02 COMPRESSOR ELEC RAND SW

STD APPLICATION
AlP FAN PROAR AMETER
RATN AIR FAN MOTOR ANETE'
SECONDARY FAN P.OTOR AMMETER
LIGNITE REDLER ELEVATOR ROTOR AMMETER
WILLIARS HILL ROTOR AMMETER
DOLOMITE CRUSHER FEEDER ROTOR AMMETER
DOLOMITE SCREW CONVEYOR ROTOR AMRETER
DOLOMITE SCREEN "OTOR AMNETER
DEVOLATILIEIE HEATER ELECTRIC I NDICA TOR
DEVOLATILTEEP NEATER ELECTRIC INDICATOR
GASIFIER RECYCLE GAS 2 ELECTRICAL INDICATOR
GASIFIER RECYCLE GAS 2 INLET ELECTRICAL INDICATO.

VOCESS AIR FLOW CONT VLY
QUENCNED FLUE GAS FLOW CONT VLT
DEVOLATILIEEP C02 FLOW CONTROL VALVE
CO2 GAS FLOW CONTROL VALVE
DOLCMITE LIFT GAS HTR AIR FLOW CONT VLV
RECYCLE FLUE GAS FLOW CONTROL VALVE
FIRST STAGE RECYCLE C02 CRPR FUEL GAS INLT FLOW C4

STD VENDOR PNG
FIRST STAGE RECYCLE C02 CIPR FUEL GAS IL L3 C CVNRP

STh VENDOR PKG
RECYCLE FLUE GAS FLOW CONT VLT
AIR NEATER INLET AIP FLV CONT VLV
RECYCLE GAS 2 FLOW CON? VALVE
UPC ABSORbER CARBONATE SOLUTION INLT FLOW CONE VL

STD DEVICE
REBOILER STEAS INLT FLOY COIT VLV

STD DEVICE
QUENCH STRIPPER INLT FLOW CON: VLV
DV QUENCH SEPARA+OR i WTP OT L FLOW CONT VLV

STD DEVICE

7
0

ONT VL!

ONT ILl A

V



ERDA COAL CONVEY SI0N INSTRUMENTATION REVIEW FOR THE C02 ACCEPTOE PROCESS
INSTRUMENTS INICR APE ACCEPTABLE IN SCALED UP PLANTS (CONIINUED)

DEVICE
i.D. !O.

MEASUREMEN? NAME / CONL SFLOW SHEET
SRC

FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FF
FE
FE
FE
FE
FE
FE

1005
1006
1007
1009
1025
2013
2014
2015
2027
2029
2032
2113
2119
2120
2121
00

3000

FE 3013

FE 3014

FE 3029

E 3030

FE 3036
FE 3037

FE 3038

FE 3044

FE 5016
pm 1005

202
202
202
202
201
20"-1
204m-1
20,1-1
201-2
202
2011-1
204-'l
203-3
203-3
203-3
207

A 207

2C8

208

208

207

206
207

208

208

204-1
202

PPH'R FUPNACE UEL GAS INLT FLOW ELMT
AIR FLOW ELEMENT
INERT GAS FLOW ELEMENT
PREHEATER VENTURI VENT FLOW ELMT
DRYER FURNACE FUEL GAS INLET FLOW ELEMENT
DOLOMITE LIFT GAS NEATER AIR INLT FLOW ELKT
RECYCLE 'LUE GAS FLOW ELM?
RECYCLE GAS CHAR LIFT FLOW ELMT
DV CYCLE CORP RECYCLE GAS FLOW ELMT
QUENCHED FLUE GAS FLOW ELMT
RECYCLE FLUE GAS FLOW ELM?
AIR NEATER INLET AIR FLOW ELMT
DV STFM DRUM VENT FLOW ELMT
RG STEAM DRUM VENT FLOW ELMT
GF COPDFPSATE DRAIN FLOW ELM?
WASTE GAS TO FLARE FLOW ELEM
WASTE GAS TO FLARE PPESS CONT VLV BY-PASS FLOW ELED

STD DEVICE
HPC ABSORBER CARBONATE SOLUTION TNLT FLOW ELEN

STD DEVICE
REBOILER STEAM INLT FLOW ELEM

STD DEVICE
HPC ABSORBER QUENCHED FLUE GAS INLET FLOW EJ.EM

STD DEVICE
QULCHED GAS STRM 2 FLOW ELEM

STD REGARDLESS EXACT TYPE OF ELEMENT
GAS FLOW WELL DOCUMENTED

QUENCH STRIPPER INLT FLOW ELEM
DV QUENCH SEPARATOR WST WTR OUTL FLOW ELED

STD DEVICE
C02 AFTERCOOLER OUTL FLOW ?ID

STD DEVICE
FIRST STAGE RECYCLE C02 CMPR FUEL GAS iNLT FL3W LEM

STD VENDOR PKG
INERT GAS START-UP CHAR LIFT FLOW ELMT
N /AIR FLOW RATIO AMPLIFIER

to



ERDA COAL CONVFSION INSTRUMENTATION REVIEW FOR THE C02 ACCEPTOR PROCESS
INSTRUMENTS WHICH ABE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE
I.D. NO.

FHC 2028

FI
FI
FI
FI
FI
Fl
Fl
FI
FI
FI
FI
FI
FI
FI
FI
F!
FT
FI
Fl
FI
FI
Fl
F!
FI
Ft
FI
FI
FI
FI
FI

FI
Fl
FI
FI

1011
1012
1013
1014
1015
1017
1019
1020
1021
1022
1025
1027
1028
1031
1032
11333
1^34
1038
1041
2:)06
2007
2030
2033
2033E
2035
2036
2038
2041
2042
2045
2045A
2046
2047
2049

FLOW SHEET MEASUREMENT NAME / COMMENTS
SRC

208

203-2
203-2
203-2
201
2C2
201
201
201
203-2
203-2
201
201
203-2
201
201
201
201
2C 2
201
203-1
203-1
203-1
203-1
203-2
203-2
203-2
203-2
203-2
203-2
203-1
20 3-2
203-2
203-2
203-2

FIRST STAGE RECYCLE C02 CMPR FUEL GAS INLT FCV A HAND CONT
STD VENDOR PKG

LIGNITE PREHEATER RED LEVEL D/P LINE PURGE FLOW IND
LIGNITE PREHEATER BED LEVEL D/P LINE PURGE FLOW IND
LIGNITE PREHEATER BED LEVEL D/P LINE PURGE FLOW IND
LIGNITE SILO INERT GAS PURGE SUPPLY FLOW INDICATOR
VENTURI SCRUBBER CW INLT FLOW IND
WILLIAMS MILl. INERT GAS INLET FLOW INDICATOR
BAG HOUSE INERT GAS INLEI FLOW INDICATOR
LIGNITE FINES BIN INERT GAS INLET FLOW INDICArOR
PREHEATER VENTURI LEVEL LINE PURGE FLOW INDICATOR
PREHEATER ViNTURI LEVEL LINE PURGE FLOW IND
DRYER FURNACE FUEL GAS INLET FLOW INDICATOR
DRY LIGNITE FEEDER VALVE 109 INERT GAS SPLY FLOW INDICATOR
HOT LIGNITE FEEDER PURGE FLOW IND
MILL SEPARATOR DSCH LINE EJ 101 INERT GAS INLT FLOW IND
MILL SEPARATOR DSCH LINE UJ 100 INEPT GAS INLE FLOW IND
LIGNITE CYCLONE OUTLET INERT GAS SUPPLY FLOW INDICATOR
DRY LIGNITE FEEDER VALVE 109A INERT GAS SPLd FLOW INDICATCR
IEFT GAS FLOW INDICATOR
DRYER FURNACE COOLING WATER SUPPLY FLOW SIGdT GLASS
DEVOLATILIZER LIGNITE LN RECYCLE GAS SUPPLY FLOW INDICATOR
START UP LINE RECYCLE GAS 2 FLOW INDICATOR
DOLOMITE OUT HOPPER DIFFERENTIAL LINE PURGE FLOW INDICATOR
PURGE GAS B FLOW INDICATOR
DEVOLATILIZER CYCLONE DSCH D/P LINE PURGE FLOW IND
DEVOLATILIZFF D/P LINE PURGE FLOW IND
DEVOLATIXIZER D/P LINE PURGE FLOW IND
DEVOLATILIZER D/P LINE PURGE FLOW IND
DEVOLATILIZEB D/P LINE PURGE FLOW IND
DEVOLATILIZER D/P LINE PURGE FLOW IND
PURGE GAS B FLOW INDICATOR
DEVOLATILIZER LEVEL D/P LINE PURGE FLOW IND
CHAP LIFT LINE D/P TAP LINE PURGE FLOW IND
DEVOLATILIZER SPENT CHAR D/P LINE PURGE FLOW IND
DEVOLATILIZER DSCH D/P LT"E PURGE FLOW IND



ERDA COAL CONVERSION INSTRUMENTATION REVIEW FOR THE C02 ACCEPTOR PROCESS
INSTRUMENTS WHICH APE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE FLOW SHE NMEASUREMZNT NAME / COMMENTS
I.D. NO. SPC

FI 2052 203-2 DOLOMITE HOPPER OUT D/P LINE PURGE FLOW IND
FI 2054 203-2 DOLOMITE HOPPER OUT D/P LINE PURGE FLOW IND
Fl 2055 203-1 DOLOMITE VALVE PURGE GAS FLOW INDICATOR
FI 2055B 203-2 DOLOMITE HOPPER OUT D/P LINE PURGE FLOW IND
FI 2057 203-1 DOLOMITE VALVE PURGE GAS FLOW INDICATOR
FT 2057B 203-2 DOLOMITE HOPPER OUT D/P LINE PURGE FLOW IND
FI 2060 203-2 SPENT DOLOMITE LINE PURGE FLOW IND
FI 2066 203-2 SPENT CHAR LINE PURGE GAS FLOW IND
FI 2068 203-2 PEGENEFATOR/LIGNITE HOPPERS D/P LINE PURGE FL3W IND
FI 2068A 203-2 DOLOMITE DSCH LINE PURGE FLOW IND
Fl 2069 203-2 DOLOMITE LINE PURGE FLOW XIT R
FI 2070 20 3-2 REGENFRATOR VENT HDR PURGE FLOW IND
FI 2072 263-2 REGFNFRATOR PURGE LINE FLOW IND
FI 2074 203-2 REGENEPATOR D/P LINE PURGE FLOW IND
FT 2075 203-2 SPENT CHAR LINE PURGE FLOW IND
FI 2(76 203-2 SPENT LOLOMITE LINE PURGE FLOW IND
FI 2077 203-2 SPEW" DOLOMITE LINE PURGE FLOW IND
Fl 2078 203-2 SPENT CHAP LINE PURGE FLOW IND
FI 2081 203-2 ENGAGED POT TE LINE PURGE FLOW IND
FI 2082 203-2 SPENT CHAR LIFT LINE D/P LINE PURGE FLOW IND
FI 2085 203-2 GASIFIEP SPENT DOLOMITE LINE PURGE FLOW IND
FT 2087A 203-2 DEVOLATILIZER/GASIFIER PURGE BY-PASS FLOW IND
FI 2089 203-2 DOLOMIT LINE D/P TAP LINE PURGE FLOW INDICATOR

FI 2091 203-2 DOLOMITE LINE D/P TAP LINE PURGE FLOW INDICATOR
FI 2092 203-2 GASIFIEP D/P LINE PURGE FLOW INDICATOR

FI 2094 203-2 GASIFTE? VAPOR SPACE TAP LI!!E PURGE FLOW IND
PI 2095 2r3-2 GASIFIER D/P LINF PURGE FLOW INDICATOR
FI 2096 203-2 GASIFIER D/P LINE PURGE FLOW INDICATOR
FT 2098 203-2 GASIFIER D/P LINE PURGE FLOW IND
FI 2100 203-2 GASIFIER D/P LINE PURGE FLOW IND
FI 2102 203-2 GASIFIER D/P LINE PURGE FLOW IND
FI 2104 203-2 GASIFIER D/P LINE PURGE FLOW IND

THESE ARE BOARD MTD ROTAMETERS
FT 2105 203-2 GASIFIER SPENT CHAR LINE PURGE FLOW IND
FI 2106 203-2 SPENT CHAR LINE PURGE FLOW IND
FI 2107 203-2 GASIFIER SPENT DOLOMITE LINE PURGE FLOW IND



ERDA COAL CONVERSION INSTP!EN TATICN REVIFW FOR THE C02 ACCEPTOR PROCESS
INSTRUMENTS WHICH AF ACCEP t ABLE TN SCARED UP PT.ANTS (CONIiNUEI)

DEY FLOW SHEET MEASUCEMENr NAME / COMMENTS
I.D. 1 Q, SRC

FI 2112 203-2 PUFGF GAS FL.O
FI 2112A 203-2 DEVOLATILIZER BED LEVEL D/P LINE PURGE FLOW XTa
FI 2116 213-2 LTGNITE HOPPERS PURGE FLOW IND
rI 2117 203-2 LIGWITE FEED LINES A/3 FLOW IND
FI 2127 203-2 LIGNITF HOPPEP A PURGE LINE FLOW IND
PI 2127A 203-2 PURGE GAS PLO" TND
FI 2128 203-2 J)OLOMTTE FEELER FInl INDICATOR
FI 2128A 203-2 PURGE GAS FLOW IND
Fl 2137 203-1 DV DUMP HOPPER VF'T PURGE GAS FLOW INDICATOR
FI 2138 203-1 PURGE GAS B FLOW INDICATOR
FT 2144 202 C02 DRYER FLOW IND
FI 2147 204-1 RECYCLE FLUE GAS DRYER FLOW IND
Fl 2148 204-2 RECYCLE GAS B DRYER REGEN FLOW IND
FI 2149 203-2 GASIFIEP CHAR DSCH D/P LINE PURGE FLOW IND w
FI 2150 203-2 DEVOLATILIZER TEMP ELMT LINE PURGE FLOW IND
Fl 2151 203-2 DEVOLATILIZEE PRESS XM"R LINE PURGE FLOW IND
FT 2152 203-2 GASIFIEP FE LINE PUFGE FLOW IND
FT 2153 2C3-2 GASIFIER TE LINE PURGE FLOW IND
FI 2154 203-2 GASIFIED PT LINE PURGE FLOW IND
FI 2155 203-2 DEVcLATILIZEr CYCLONE DSZ.i D/? LINE PUPGr FLsC IND
Fl 2156 203-2 GASIFIEF PT LINE "URGE FLOW IND
Fl 2151 203-2 DOLOMITE LINE D/P TA" LINE PURGE FLOW IND
FI 2158 233-1 PURGE GAS E FLOC INDICATOR
FI 2158A 203-2 DEVOLATILIZEP DOLOMITE INLET D/P LINE PURGE FLOW IND
FI 2159 213-2 REGENERATOR D/P LT*?E PURGE FLOW IND
FI 2160 2-3-2 DOLOMITE UIWE TAF LINE PtRGE FLOW IND
FI 2161 2r 2 DEVOLATILIZER BED LEVEL D/P LIVE PURGE FLOW IND
FI 2162 23-2 DEVOLAT! LIZEP CHAP DSCH D/P LINE PURGE FLOW IN!D
FI 2163 203-2 SPENT CHAR LINE PUFGE GAS FLOW IND
FI 2164 203-2 GA.GIFIEP SPENT DOLOMITE LINE PURGE FLOW IND
Fl 2165 203-2 DEVOLATILIZER SPENT CHAR D/P LINE PURGE FLO. INt
FI 2166 203-2 SPENT DOLOMITE LINE PURGE GAS FLOW IND
FI 2167 203-2 GASIFIER LIGNITE LINE PURGE GAS FLOW AND
FI 2168 203-2 GASIFIER SPENT CHAR LINE PURGE FLOW IND
FI 2169 203-2 SENT CHAR LINE PURGE GAS FLOW IND
F! 2170 203-2 SPENT CHAP LINE PURGE FLOW IND



4P C" L CONV PSION TNSTPUMENTATICN REVIEW FOR HE C02 ACCEPIOR PROCESS
II1ST UMENTS WHICH ARE ACCEPTABLE T" SCALE) UP PLANES (CONfINUE)

DEVICE
i.D. NO.

FI
FI
FI

FT
FI

"I
FI
FI

FT

FI
FI
FI
Fl
Fl
FI
FIl

FI
Fl
FIl

PT

FI
FI
Fl
FT
FT
FI
FT

FI
FI
FI
FT
FI

2171
2172
2173
21741
2176
2177
21'18
2179
2180
2181
2182
2183
2188
2188A
2189
2212
2213
2214
2215.
2216
2265
2272
2273
2274
2275
2276
2277
2278
2279
2281
3018

Fi 3023
FI 30214
FI 3028

MEA iJPFMENt flAME / COMMENTSFLOW SHEET
SRC

233-2
203-2
203-2
203-2
203-2
20 3-2
203-2
2^ 3-2
203-2
203.2
203-2
203-2
203-1
203-2
203-2
20 3-2
203-2
205
205
202
205
2^ 5
205
203-1
203-1
203-1
20 3-1
203-1
203-1
203-1
208

205
206
27 7

GASIFIFR WASTE DOLOnTrE LINE PURGE FLOW IND
SPENT D')LOMITE LT'9 P''IRGE FLOW IND
SPENT DCLOCMITE LIF PURGE FLOW IND
SPENT DOLOMITE LINE PURGE GAS FLOW IND
PROCESS GAS 2 FLCW :NDiCATOR
PRODUCT GAS LINE 2 FLT1W INDICATOR
DFVCLATILIZF C!AR DSCU D/F LINE PUPGE FLOW IND
D?VCLA ILIZEF CHAP PSCIi D/F LINE PURGE FLOW IN
DEVfLATILIZER CrIAF DSCIi D/D LINE PURGE FLUO INL
GASIFIEi SPENT CHAR DSCIi LINE PURGE FLOW IND
SPENT CHAR LINE 'JR(E GAS FLOW IND
GASIFIER LIGNITE TINE PURSE GAS FL')W IND
PURGE GAS B FLOW INDICATOR
DEVOLATILIZER DUMP D/P LINE FLOW IND
GASTFIER/REGENERATOR SPENT CHAR LINE PURGE FL3 i ND
DOL"MITE OUT HOPPER D/P LINE P TRGE FLOW ItD
GASIFIER P/P LINE PURGE FT'Vl INDICATOR
ASH OUT HOPPER k OUTL PURGe GAS FLOW IND
ASH OUT HOPPER B OUTL PURGE GAS FLOW IND
PURGE BLEED FL IND
ASH OUT HOPPER A/B OUTL INFRr GAS PURGE FLJA IND

ASH OUT HOPPER A RELIEF VENT GAS FLO IN!D

ASH OUT HOPPER B RELIEF VENT GAS FLOW INi
REGENERATOR DIFFERENTIAL LINE PURGE FLOW INDICATOR
REGENERATOR DIFFERENTIAL LINE PURGE FLOW INDICATOR
REGENERATOF DIFFFREN7IAL LINE PURGE FLOW INblCAiOi
REGENEFATO F DIFFERENTIAL LINE PURGE FLOW INAIC OR

REGENERATO F DIFFERENTIAL LINE PURGE FLOW iD1 A]Oi

REGENERATOR DIFFERENTIAL LINE PURGE FLOW 1Nili.ATOk
RECYCLE GAS STREAM 2 FLOW INDICATOR
HPC CIPC PUMP 'SCH FLOW IND

STD DEVICE
RG QUENCH COOLER OUTL FLOW IND
GF QUENCHER QUENCH WTR INLT FLOW IND

DV QUENCHER QUENCH WTR INLT PLOW IND
PROCESS WATER-NO PROBLEM

03n



'RDA CnAL CONVEY SION INSTRUMENTATION REVIEW FOP THE C02 ACCE'iO PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CUNL INUa)

DEVICE
I.D. NO.

FI 3329

FI 3032
FI 3033

FI 3034

FI 3038C
Fl 3039
FI 3040
Fl 3041
Fl 3042
FT 3043
Fl 5031
FIC 2028

FTC 2126
FIC 3030

FIC 3036
FIC 3037

MEASUPEMEN^ NAME / COMMENLLFLOW SHEET
SRC

208

206
207

208

208
202
202
203-1
206
205
204-2
208

204-2
207

206
207

202
202
204-1
204-2
202
203-3
203-3
203-3
203-1
20 3-1
203-1
203-1
203-1

HPC ABSORBER QUENCHED FLUE GAS INLEI FLOW IND
STD DEVICE

GF VENTURI QUENCH WTR INLT FLOW IND
DV VENTURI QUENCH WTR INLT FLOW IND

PROCESS WTF-NO PROBLEM
S02 SCRUBBER WST WTR INLT FLOW IND

STD DEVICE
C02 AFTER COOLFR OUTT L FLOW IND
C02 LIGNITE HOPPEP DSCH VLV PURGE FYOW IND
PRG GAS FLOW IND
RECYCLE FLUE GAS IN-LINE FLOW INDICATOR
QUENCF STRIPPER BLR FEED WTR ILNLT. FLOW IND
RG QUENCHER QUENCH W R INLT FLOW IND
RECYCLE GAS 2 FLOW INDICATOR
FIRST STAGE RECYCLE C02 CMPP FUEL GAS INLT FLOW IND CONT

STI VENDOR PKG
RECYCLE GAS 2 IND FLOW CON!
QUENCHED GAS STORM 2 FLOW IND CON?

FLOWS ARE PROBABLY STABLE-NO PROBLEM
D/P CONTROL GENERALLY WELL DESIGNED

QUENCH STRIPPER INLT FLOW IND CONT
DV QUENCH SEPARATOR WSI WTR OUTL FLOW IND C3NI

STD DEVICE
N2 FLOW RCDR
INERT GAS FLOE RCDR
PECICIE GAS CHAF LIFT FLOW RCIR
DV CYCLE COMP D. C i FLO" P DP
QUENCHED FLUE GAS FLOW RCDR
DV JACKET STEAM OUTL FLOW RCDR
RG STEAM DRUM VENT FLOW RECORDER
GF JACKET STEAM OUTL FLOW RCDR
SPENT DOLOMITE LINE VALVE PURGE GAS FLOW RECOrDER
SPENT DOLOMITE LINE PURGE GAS SUPPLY FLOW RLCUAUZR
RECYCLE FLUE GAS FLOW RECORDER
RECYCLE FLUE GAS TO DOLOMITE LINE FLOW RECOAU6R
PURGE GAS FOR SPENT DOLOMITE VALVE FLOW RECOBDE&

t

FR
FR
FR
FR
FR
FR
FR
FF
FR
FR
FR
FR
FR

1005
1007
2015
2027
2029
2119
2120
2121
2130
2131
2132
2133
2135



ERD? COAL CONE? SION INSTRUM NTATI' REVIEW FOP THE C02 ACCEPTOd 23ACr.SS
INSTRUMENTS WHICH APE ACCEPTABLE TN SCALED UP PLANTS (O;Ni'iNU.L5)

DEVICE
I.D. NO.

FR 3000

FR 5046
FRC 1006
FRC 1009
FRC 2000

FRC 2004
FCC 2013
FRC 2014
FRC 2032
FRC 2113
FC 3013

FRC 3014

FSH 2129
FSH 2121
FSL 1039

FSL 2008
FSL 2009
FSL 2016
FSL 2122
'P'SL 2123
'SL 2124
FSL 3015
FSL 3016
FSL 3017

FT 1005
FT 1006
FT 1007
FT 1000
FT 2000
FT 2004
FT 2013

MEASUREMENT NAME / CCM9&NtSFLOW SHEET
SRC

207

204-1
202
202
2'3-1
203-1
204-1
204-1
204-1
204-1
208

208

203-3
203-3
20 1

204-1
204-1
204-1
203-3
203-3
203-3
206
2C5
207

202
202
202
202
203-1
203-1
204-1

WASTE GAS TO FLARE FLOW REC
STD DEVICE

INEPT GAS START-UP CHAR LIFT PLOW R;DR
AIR FLOW PEC"PP1r'G CONTROLLER
PRFHEATER VUN'URI VENT FLOW CD RO!T

DEVOLITI LI' i (C02 SUPPLY FLOW RECORDING CONrOiLLa
C02 GAS RECORDING FLOW CONTROL
DOLOMITE LIFT GAS HTR AIR FLOW REC CONT
RECYCLE FLUF GAS FLOW FEC CONTROL
RECYCLE FI.UE' GAS FLOW ?E: .ONT

AIF HEAEP IIJ.ET A IP FLOW PFC CONTROL
HPC ABSORB EP CARBONATE SOLUTION INLT FLOW RtC CONI

STD DEVICE
REBOILEP STEAM I!LT PLOW REC CONT

SID DEVTrE
PG STEAM DLU" VE"T FLOW SW HI
GP STEAM CONDVNSAT u FLOW SW HI

DPYR FUig AC! COOL T* ATER 3UJPLY FLOW SWiE~d LUW
TIF IF TO ALARM MR ANNUNCIATOR NOT SdOWN

AIR PEATF? INLET LOW FLOW SW

DOLOMITE LIFT HTR LIFT GAS INLT FLOW gW LO
CFAF LIFT HEATER RECYCLE FLUE GAS LO FLO Sw
DV JACKET WTR FLOW SW L1
PG JACKET WATER CIRC PUMP DSCH FLOW SW LO
GASIFIER 3ACKET WTR CIRC PUMPS DSCH FLOW S. O

GF CUENCHEP QUENCH WTR INLT LO FLOW SW
RG Q0FNCH COOLER OUTL LOW FLOW SWITCH

DX. QUENCHER QUENCH WTR INLT LO FLOW SW
NO PROBLEM

PRHTR FURNACE FUEL GAS FLOW XMTR
AIF FLOW TRANSMITTER
INEPT GAS FLOW TRANSMITTER
PREHEATFR VENTURI VENT FLOW XMTR
DEVOLATILIZ E C02 SUPPLY FLOW TRANSMITTER
C02 GAS FLOW TRANSMITTER
DOLOMITE LIFT GAS HTR AIR INLT FLOW XMTR

V



ERDA COAL CONVE SION INSTRUMENTATTON REVIEW FOR THE C02 ACCE'iOd P OCrbS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (COJN iNuEL)

DEVICE
T.D. NO.

FLOW SHEET
SRC

MEASJPE !EN'^ NAME / COMMENTS

FT
FT
FT
FT

FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT

FT

2014
2015
2027
2028

2029
2032
2113 A
2113 B
2119
2120
2121C
2126
2130
2131
2132
2133
2135
3000

FT 3000 A

FT 3013

FT 5046
KC 2102
KC 2109
KC 2112
KC 2144
KC 2149A
KC 21!49B
KC 2149C
KSV 2107
KSV 2108
KSV 2113
KSV 2111

204-1
204-1
204-2
208

202
204-1
204-1
204-1
203-3
203-3
203-3
204-2
203-1
203-1
203-1
203-1
203-1
207

2^7

208

204-1
202
204-1
2C4-2
203-1
2C3-1
203-1
20 3-1
204-1
204-1
204-2
204-2

RECYCLE FLUE GAS FLOW XMTR
RECYCLE GAS CHAR LIFT FLOW XMTR
DV CYCLE COMP RECYCLE GAS FLOW XMTR
FIRST STAGE RECYCLE C02 CMPR FUEL GAS INi. FLOW XMTR

STD VENDOR PKG
QUENCHED FLUE GAS FLOW XMTR
RECYCLE FLUE GAS FLOW XMTR
AIR HEATER AIR INLET FLOW XMTR
AIR HEATER INLET AIR FLOW XMTR
DV STEAM DRUM VENT FLOW XMTR
RG STEAM DRUM VENT FLOW XMTP
GF CONDENSATE DRAIN FLOW XMTR
RECYCLE GAS 2 FLOW XMTR
SPENT DOLOMITE LINE VALVE PURSE GAS FLOi TRANSMITTER
SPENT DOLOMITE VALVE PURGE GAS SUPPLY FLOW TRANSMITTER
RECYCLE FLUE GAS IN-LINE FLOW TRANSMITTER
RECYLE FLUE GAS TO DOLOMITE LINF IN-LINE FLOW XMTR
PURGE GAS FOR SPENT DOLOMITE VALVE FLOW 1 ANS1i EA
WASTE GAS TO FLARE FLOW XMTR

STD XMTRS OK
WASTE GAS TO FLAPF PRESS CONT VLV BY-PASS FLOW AMIi

STD DEVICE
HPC ABSORBER CAPPONATE SOLUTION INLT FLOW XiM i

STD DEVICE
INEPT GAS START-UP CHAR LIFT FLOW TRANSMITTER
C02 DPYER CONTROL TIMER
RECYCLE FLUE GAS LPYE9 REGEN TIMER CONT
B GAS DRYER CYCLE TIMING VALVE
DOL'M'ITE SUPPLY VALVE CONTROL TIMER
DOLOMITE SUPPLY VALVE CONTROL TIMFR
SPENT CHAR LIFT LINE D/P TIMING CONTROL
SPENT DOLOMITE LEVEL CONTROL TIMER
RECYCLE FLUE GAS DRYER CYCLE TIMER SOL VLV
RECYCLE FLUE GAS DRYER PEGFN TIMING SOL VLV
RECYCLE GAS DRYER CYCLE TIMING VALVE
RECYCLE GAS FILTER/DRYER CYCLE TIMING VLV

p.

00



ERDA COAL CCNVE SION INSTRUMENTATION REVIEW FOR THE CO2 ACCEPTOLD PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (COGLTl JUED)

MEASUREMENT NAME / CCMMENTSFLOW SHEET
SRC

LC
LC
LC
LC
IC

20 11
2013
2015
3002
3044

LC 3046

LC 3048

LC 3079
LCV 1016
LCV 2000
LCV 2001
LCV 2002
ICV 2102A1
LCV 2003
LCV 2011
LCV 2013
LCV 2315
LCV 3002
LCV 3010
LCV 3012
LCV 3027

icV 3035

LCV 3044

ICV 3046

LCV 3043

LCV 3078
LCV 3079

cG 1015

203-3
203-3
203-3
205
208

208

208

206
202
203-1
203-1
203-1
20 3-2
203-1
203-3
203-3
203-3
205
206
206
207

2C7

208

208

206
206
202

DV STEAM DRUM LEVEL CONTROL
RG STEAM DRUM LEVEL CONT
GF STEAM DRUM LEVEL CONT
RG QUENCHER QUENCH WTR LVL CONTROLLER
S02 SCRUBBER LEVEL CONTROLLER

STD DEVICE
HPC ABSORBER LEVEL CONTROLLER

STD DEVICE
CO2 KO POT LVL CONTROLLER

STD DEVICE
QUENCH STRIPPER LEVEL CONTROLLER
PREHTR VENTURI LVL CONT VLV
DOLOMITE DUMP HOPPER LEVEL CONTROL VALVE
DEVOLATILIZER SPENT DOLOMITE DSCH LEVEL CONTROL VALVE
COKL DISCHARGE LINE LEVEL CON3'ROL VALVE
GASIFIER SPENT CHAR LEVEL CONTROL VALVE
SPENT DOLOMITE LINE LEVEL CONTROL VALVE
DV STEAM D1UM LEVEL CONT VLV
RG STEAM DRUM LEVEL CONT VLV
GF STEAM DRUM FEEDWATER INLT LEVEL CONT VLV
RG QUENCHER QUENCH WTR LVL CONT VLV
GE QUENCH SEPARATOR WASTE OIL LVL CONT VLV
GF QUENCH SEPARATOR LVL CONT VLV
DV QUENCH SEPARATOR LVL CONT VLV

STD APPLICATION OK
DV QUENCH SEPARATOR LVL CUNT VLV

STD DEVICE
S02 SCRUBBER LEVEL CONT VLV

STD DEVICE-STD APPLICATION
HPC ABSORBER LEVEL CONT VLV

STD DEVICE
C02 KO POT LVI CONT VLV

STD DEVICE
GF VENTURI LEVEL CONT VLV
QUENCH STRIPPER LEVEL CONTROL VALVE
PREHEATER VENTURI LVL GLASS

DEVICE
UD. NO.

tj



EPDA COAL CONVEt SION INSTRUMENTATION REVIEW FOR THE C02 ACCEPTOR PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONItJUED)

FLOW? SHEDT
SRC

MEASUREMENT NAME / COMMENTS

LG
LC
LG
LG
LG
LG
LG
LG
LG

2010
"01214
2012L
2014
2032
3003
3011
3013
3028

LG 3036

IG 3043

LG 3045

LG 3047

LG 3C60

LG 3065
L5 3C74

LG 3075

LG 3090
LG 5020
LHC 200'
LI 1009
LIC 1016
LIC 2') 1
LIC 2002
LIC 2003
LS 3072

203-3
203-3
203-3
203-3
201-3
205
206
206
207

207

208

208

208

203

206
20

208

206
205
203-1
201
202
20 3-1
203-1
203-1
207

LS 3087 205

DV STEAM DRUM IEVEL GLASS
RG STEAM DRUM LEVEL GLASS HIGH
PG STEAM DRUM LEVEL GLASS LO
GF STEAM DRUM LEVEL GLASS
GF CONDENSATE DRAIN LEVEL GLASS
PG QUENCHER QUENCH WTR LVL GLASS
GF QUFNCH SEPARATOR WASTE OIL LEVEL GLASS
GE QUENCH SEPARATOR LVL GLASS
DV QUENCH SEPARATOR LVL GLASS

STD DEVICE
DV QUENCH SEPARATOR LVL GLASS

STD DEVICE
S02 SCRUBBER LEVEL GLASS

STD DEVICE
HPC ABSORBER LEVEL GLASS

STD DEVICE
C02 KO POT LVL GLASS

STD DEVICE
HPC STRIPPER LEVEL GLASS

STD DEVICE
SLOP TANK LEVEL GLASS
H DC INHIBITOR FEED SPLY TNK LEVEL GLASS

STD DEVICE
ANTI-FOAM FEEDER SPLY "NK LVL GLASS

STD DEVICE
QUNFCH STRIPPER LEVEL GLASS
QJENCH INHIBITOR FEEDER LVL GLASS
DOLOMITE POT LEVEL HAND CONTROL
LIGNITE SILO LEVEL INDICATOR
PREHEATER VENTURI LVL IND COJT
DEVOLATILIZEP DOLOMITE POT LEVEL INDICATING CONIROL
SPENT CHAR LINE INDICATING LEVEL CONTROL
GASIFIER SPENT DOLOMITE BED INDICATING LEVEL CONTROL
DV QUENCH SEPARATOR LVL SW

STD DEVICE
RG QUENCHER QUENCH WT LVL SW

DEVICE
I.T. NO.

0



FRDA COAL CONVERSION I STFUMENIATION REVIEW FOR THE C02 ACCEPTOR ROtESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CON2IL4aD)

DEVICE
i.D. NO.

LSF 1017
LSH 1019

LSH 2005
LSH 2018
LSH 2021
LSH 2123
LSP 3008

LSH 3051
LSH 3054
LSH 3056

LSH 3060

.SH 3066
LSH 3070

LSH 3083

LSH 3086B
LSL 2019
LSL 2020
LSL 2022
LSL 2028
LSL 3052A

LSL 3052B
LSL 3171
LSL 3077

LSL 3081
L51 3087

L1 1016
LT 2003A

MEASUREMENT NAME / COMMENTFLOW SHEET
SRC

20 2
201

2C5

203-3
203-3
2C 3-3
207

206
206
207

208

206
208

208

205
203-3
203-3
20 3-3
203-1
206

207
206
208

206
207

202
203-2

PREHEATER VENTURI LVL SW HI
BELT FEEDER PIT SUMP PUMP LEVEL SWITCH HIGH

PROBABLY A STANDARD PACKAGE -- STARTS PUMP
RG CYCLONE LVL SW HI
DV STEAM DRUM LEVEL SWITCH LO
GF CONDENSATE DRAIN TANK LEVEL SW HI
RG STEAM DRUM LEVEL SW HIGH
DV QUENCH SEPARATOR HI LVL SW

STD DEVICE
GF QUENCH SEPARATOR HI LVL SW
GF KO POT HI LVL SW
DV F0 POT HI LVL SW

THIS TYPE OF LEVEL GENERALY OK
RG KO POT HI LVL SW

STD DEVICE
SLOP TANK Hi LEVEL SW
HPC STRIPPER HI LVL SW

STD DEVICE
C02 KO POT HI LVL SW

STD DEVICE
RG QUENCHER QUENCH WTR HI LVL SW
DV STEAM DRUM LEVEL SWITCH LO
RG STEAM DRUM LEVEL SW LO
GF CONDENSATE DRAIN TANK LEVEL SW LO
DOLOMITE LEVEL SWITCH LOW
GF QUENCH SEPARATOR LO LVL SW

STD DEVICE
DV QUENCH SEPARATOR LO LVL SW
GF QUENCH SEPARATOR WASTE OIL LO LVL SW

HPC STRIPPER LO LVL SW
STD DEVICE

QUENCH STRIPPER LO LEVEL SW
DV QUENCH SEPARATOR LO LVL SW

STD DEVICE
PPEHEAT P VENTURI LEVEL XMTR
GASIFIER LEVEL XMTR

U,



ERDA COAL CONVERT SION INSTRUMENTATION REVIEW FOR THE C02 ACCEPT e FiOUad6
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS CONTINUEDE)

DEVICEI. n. NO.

PC 3072
PCV 1000

PCV 1010
'CV 1012
PCV 1013
PCV 1014
PCV 1025
PCV 1029
PCV 1-)34
PCV 1035
PCV 1041
PCV 1046
PCV 2022

?CV 2036
?CV 2037

PCV 2038
PCV 2040
?CV 2041A
r"CV ?141B)
PCV 2052
PCV 2053
PCV 2071
PCV 2071A
PCV 2113
PCV 2159
?CV 2194
PCV 2205

PCV 2206

PCV 3009

PCV 3009A

FLOW SHEET
SRC

206
201

20 2
202
20 1
201
201
201
202
201
20 1
201
207

204-1
20L-1
204-1
20 4-1

204-1
2'u-1
204-2
20 4-2
202
20 2
204-1
202
2014-1
208

208

207

207

MEASUREMENT NAME / COMMENTS

QUENCH STRIPPENt WASTE GAS OUTL PRESS CONE
DRYER FURNACE VENT PRESSURE CONTROL VALVE

INTERLOCKED WITH WILLIAMS MILL DISCHARGE PRESSURE
INERT GAS PRESS CONT VLV
ROOTS AIR COMPRESSOR DSCH TO VENT HDR PRESS CDNT VLV
WILLIAMS M ILL INFRT GAS INLET PRESSURE CONTROL VALVE
DRYER FURNACE FUEL GAS INLET PRESSURE CONTROL WALVE
DRYER FURNACE PILOT GAS PRESSURE CONTROL VALVE
DRYER FURNACE PILOT GAS INTERLOCK TO FtJEL GAS PaESJ CONT VLV
I!ERT GAS PRESS CONT VLV
DRY LIGNITE FEEDER INERT GAS INLET PRESSURE CNTiROL VALVE
DRY LIGNITE FEEDER A INERT GAS SUPPLY PRESSiLn CONTROL VALVE
DRYER FURNACE COOLrNG WATER SUPPLY PRESSURE CJNItUL VALVE
QUENCHED SAS STRM 2 PRESS CONT VLV

STD CONT VLVS OK
AIR SURGE TANK PRESS CONT VLV
AIR HEATER STACK PRESS CONT VLV
DOLOMITE LIFT HEPTEP STACK PRESS CONT VLV
CHAR LIFT HEATER STACK PRESS CONT VLV
RFCYCLE GAS PRESS CONT VALVE A
RECYCLE GAS PRESS CONT VALVE R
RECYCLE GAS 2 PRESS CWNT VLV
DV CYCLE COMP DSCH PRESS CONT VLV
QUENCHED FLUE GAS PRESS CONT VLV
QUENCHED FLUE GAS PRESS CONT VLV
RECYCLE FLUE GAS PRESS CONT VLV
ALT INEPT GAS SPLY PRESS CONT VLV
INSTRUMENT AIR HEADER PRESS CONT VLV
HPC STRIPPER C02 INLT PRESS CONT VLV

STD DEVICE
HPC STRIPPER C02 INLT PRESS CONT VLV

STD DEVICE
9STE GAS TO FLARE PRESS CONT VLV

STD DEVICE OK
WASTE GAS TO FLARE PRESS CONT VLV A

STD DEVICE OK

U'
N~



ERDA COAL CONVt SON I !STRUMENTATION REVIEW FOR THE C02 ACCEPTOR PROCESS
!nSTSUNENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE
I.D. 0.

PCV 3)51kA

'Tv 3051

Prv 3063

PCV 3)72
PCV 5)80

P 1 3009

1031
1003
1E)04
1005
10051045-U

PT 10070
P1 10070

PT 10 )8U

PI 1310J

PT 1013
PT 10130

PT 10160

PI 1017U

MEASUREMFNT NAME / COMMENTSFLOE
SRC

208

200

20 M

201

2:7

201
2C 1
201
2)1
207

2!1
206

2c'3-3

205

201
203-2

20'4-1

202

C02 KO POT OUTL VENT PRESS CONT VLV
STD DEVICE

'IRST STAGE RECYCLE C02 COMPRESSOR SJCT PRESa oNi VLV
STD DEVICE

RECYCLE C02 PRESS C3NT VLV
STD DEVICE

QUF}C 'STRIPEn 'ASCE (AS OtJTL PRESS CONT VLV
FIRST STAGE RECYCLE C02 CrPr INERT GAS INLT PRESS CONT VLV

STD DEVICE
WASTE GAS TO FLISE ?FSS CON'P VLV PRESS dAr4l S

PS GENERALLi RELIABLE
SpCCNDARY FAN SUC'"ON PRESSURE INDICATOR
MAIN FAN OISCHARGE PRESSURE INDICATOR
LIGNITE CYCLONE VENT GAS PRESSURE INDICATOR
LIGNITE CYCLONE INLET PRESSURE INDICATOR
5 UNLISTED' PRESSURE IND

SID DEVICES
AIP FAX DISCHARGE PPESSURF INDICATOR
7 UNLISTED PRESS IND

STD UNITS-NO CONTROL
BCUFDON TUBE LINKED TO POINTER

8 UNLISTED PRESSURE INDICATORS
STANDARD UNITS-NO CONTROL
BCUPDON UBE LINKED TO POINTER

10 UNLISTED PFESS IND
STD UNITS-NO C)NTRIL
BOURDON TUFE LINKED TO POINTER

WILlIAMS PILL INFRT GkS INLET PRESSURE INDiA2Ui
13 PRESS IND UNLISTED

STI) DEVICES NO CONTROL
BOURDON TUBE LINKED TO POINTER

16 UNLISTED PRESS I'D
STD UNITS VERY RELTABLE-NO CONTROL
BOURDON OR DIAPHRAG9 LINKED TO POINT L

17 UNLISTED PRESS IND
STANDARD ITEMS NO CONTROL
BOURDON TUBE MECH LINKED TO POINTER

Pt

Pt

V'



ESDk COAL CONVIISION IT'SrFU2MENIAT ON ??VTEJ F')P THE C02 ACCEPTud PROCESS
INSeRUMENTS W'TCH APE ACCEPTABLt? N SCALF) 'P P1ANrS (CONrINJLU)

DEVICE
I.D. V'.

PI 1318
PI 1019U

PI 1020
PI 1023
P1 1023
P1 1050
PI 2003
P1 2004
PI 2005
P1 2006
PI 2008
PI 2010
PI 2012
PI 2017
PI 2019
PI 2020
P1 2021
PI 2026
P1 2027
PT 2028
PI 2031
PI 2034
PI 2035
PIC 1012
PIC 2036
PIC 2037
PIC 2038
PIC 201 )
PIC 3051

PIC 3063

PR 2001
PR 2002
PP 2007

FLOW SHEET MEASUREMFNr NAME / CO M N&S
SRC

20 1
208

201
201
20 1
201
203-1
203-1
203-1
203-1
203-1
233-1
203-1
203-1
203-1
203-1
203-1
20 3-1
203-1
203-1
203-1
203-1
203-1
202
20u-1
204-1
204-1
204-1
208

203-1
20 3-1
203-1

DRYER FURNACE JEL GAS PRESSURE INDICATOR
1 UNLISTED PRESS IND

STD -DEV ICES
SECONDARY FAN DISCHARGE PRESSURE INDICATOR
DRYFR FURNACE PILOT GAS PRESSURE INDICATOt
DRYER FURNACE PURGE AIR PRESSURE INDICATOR
DRYF? FLFNACE COOLING WATER INLFT PRESSURE 'AtICATOR
DEVOLATILIZER RECYCLE GAS SUPPLY PRESSURE INDICAIO
RECYCLE GAS INLET PRESSURE TNDICATOR
SPENT DOLOMITE LINE PRESSURE INDICATOR
DEVOLATILIZER RECYCLE GAS INLET PRESSURE INiiLIATOR
DUMP HOPPER VENT PRESSURE INLET
DOLOMITE LIN PPESSURE INDICATOR
DOLOMITE OUT HOPPER DSCH PRESSURE INDICATOR
REGENERATOR AIR INLET PRESSURE INDICATOR
SPENT DOLOMITE DSCH LINE PRESSURE INDICATOR
SPENT CHAR DSCH LINE PRESSURE INDICATOR
DOLOMITE SUPPLY PRESSURE INDICATOR
GASIFIER COKE DSCH LINE PRESSURE INDICArOa
GASIFIER SPENT DOLOMITE LINF PRESSURE INDICATOR
SPENT CHAR LIFT GAS PRESSURE INDICATOR
DOLOMITE OUT HOPPER RECYCLE SAS INLET PRESS INL)
PURGE GAS B PRESSURE INDICATOR
SPENT DOLOMITE LIFT GAS PRESSURE INDICATOR
AIP VENT IND PRESS CONT
AIR SURGE TANK IND PRESS COUNT
AIP HEATER STACK IND PRESS CONT
DOLOMITE LIFT HEATER STACK PRESS IND CONT
CHAR LIFT HEATER STACK PRESS IND CONT
FIPST STAGE RECYCLE C02 COMPRESSOR SUCT PR ~ ItD C NTROLLEP

STD DEVICE
RECYCLE C02 PRESS IND CONT

STD DEVICE
DEVOLATILIZER PROCESS GAS DSCH PRESSURE RECORDER
DEVOLATILIZER DOLOMITE POT PRESSURE RECORDER
RECYCLE GAS PRESSURE RECORDER

I



ERDA COAL CONVEY SION TNSTFT MFNTATION REVIEW FOR THE C02 ACCEPTOR PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONIINULD)

DEVICE
I.D. NO.

MEASUREMENT NAME / COMM4NISFLOW SHEET
SRC

pP
PR
PR
PR
PR
PR
PR
PR
PR
DR

PR
PR

2011
2018
2025
2054
2055
2064
2065
2098
2123
2224
2225
3016

PP 3020
PRC 1000
PRC 1010
PRC 2022
PRC 2041
PRC 2052
PRC 2053
PRC 2071
PRC 2113
PRC 3000

PSH
PSH
PSH

1021
1032
2030

PSH 2081

PSHL 2022
pSL 1022
PSL 1024
PSL 1031
DSL 1056
PSL 2011

203-1
20 3-1
203-1
204 -2
204-2
202
202
203-1
203-1
205
205
208

205
201
202
203-1
204-1
204-2
204-2
202
204-1
207

201
20 2
204-2

204-1

203-1
20 1
201
2-)2
202
203-1

DOI.C'ITE OUT HCPFEP DSCH PRESSURE RFCORDiJ
DOLCMITE DSCH PRESSURE RECORDER
GASIFIER SPENT DOLOMITE POT PRESSURE RECORDER
DV CYCLE COMP DSCH PRESS PCDR
QUENCHED FLUE GAS PRESS RCDR
INEPT GAS PRESS RCDR
INEPT GAS PRESS RCDR
ENGAGED POT PRESSURECORDER
ENGAGED POT PRESSURE RECORDER
ASH OUT HOPPER A RELIEF VENT GAS PRESS REC
ASH OUT HOPPER B RELIEF VENT GAS PRESS REC
ABSORBER CONDENSER OUTL PRESS REC

STD DEVICE
RG CYCLONE FLUE GAS OUTL PRESS REC
WILLIAMS MILL DSCH PRESSURE RECORDING CONTROLLER
INEPT GAS PFESS RECORDING CONTROLLER
PROCESS GAS 2 PRESSURE RECORDING CONTROLLER
RECYCLE GAS PRESS REC CONT
DV CYCLE COMP DSC3 PRESS REC CONT
DV CYCLE COMP DSCH REC PRESS CONT
QUENCHED FUEL GAS PRESS RECORDING CONT
FECYCL7 FLUE GAS REC CONT
WASTE uAS TO FLARE PRESS REC COUNT

STD DEVICE
DRYE FURNACE FUEL GAS INLET PRESSURE SWITCH HIGu
PRHTR FURNACE FUEL GAS HI PRESS SW
RECYCLE GAS 2 FILTER PRESS SW HI

NO ANNUNC SHOWN
RECYCLE FUEL GAS COMP DSCH PRESS SW HI

NO TIE TO ANNUNC SHONN
PROCESS GAS PEZSSUFE CONTROLLER HIGH/LOW
DRYER FURNACE FUEL GAS INLET PRESSURE SWITCH LOW
AIR FAN DISCHARGE PRESSURE SWITCH LOW
PRHTR FURNACE FUEL GAS LO PFD SW
PROCESS AIR tO PRESS SW
DOLOMITE OUT HOPPER DSCH PRESSURE SWITCH LOW

V1
U'



ERDA COAL CONVEISON INSTFUMEN!TATION ? EVIEW FOR THE C02 ACCEPTOR P OCESS
INSTUMNTS WHICH AFE ACCEPTABLE IN SCALED UP PLANTS CONTINUEU 'D)

MEASUREMENT NAME / COMMENTSFLOW SE T
SRC

PSL
PSL
PS L
PSL
PS I.
PSL
PSL
PSL
PSL

2380
2105
2106
2114
2143
2144
2165
3034
3118

PSL 3068

PSV
PSV
PSV
PSV
PSV
PSV
PSV
PSV
DS V
PSV
PSV
PSV
PSV
PSV
PSv
PSV
PSV
PSV
PSV
PSV
PSV
PSV
PSV
PSV

1002
1003
1005
1005
1007
1008
2004
2006
2007
2)08
2009
2010
2011
2013
2114
2019-3
2020
2021
2024
2025
2026
2027
2029
2032

202
204-2
204-2
204-1
233-3
203-3
204-1
206
237

208

201
201
202
202
2J2
202
2011 1
204-1
204-1
204-2
204-2
204-2
204-2
202
205
202
203-1
203-1
202
204-2
204-2
204-2
204-2

204-1

C02 PFESS SW LO
QUENCHED FLUE GAS PRESS SW LO
QUENCHED GAS LINE PRESS SW LO
RECYCLF GAS PRESS SW LO
DV STEAM DRUM PRESS SW LO
GF STEAM DRUM PRESS SW LO
MAIN AIR COMPP SSOR Lr!BE OIL PRESS SW Ln
QUHFCF STFIPPFE PMPS rDISCH HDR LO PRESS J'

DV QUENCH IMPS DISCH HDR LO ?FESS SW
S.O.P.

FIRST STAGE RECYCLE C02 COMPRESSOR SUCT LO PL SS SW
STD APPLICATION

WILIIAMS MILL INERT GAS INLET PRESSURE SAFETY VALVE
LIGNITE FINES BIN CONSERVATION VENT PRESSURE SAFETY VALVE
AIR COMPI ESSOP bSCI PRESS SAP VLV
PRHTR FURNACE PROCESS AIP INLT PRESS SAF VLV
INEPT GAS PRESS SAF VLV
ROOTS COMPRESSOR INTR-STAGE PRESS SAF VLV
AIR SURGE TANK P1ESS SAF VLV
RECYCLE FLUE GAS COMP DSCH A PRESS SAF VLV
RECYCLE FLUE GAS DSCH HDR B PRESS SAF VLV
DV CYCLE COMP A DSCH PRESS SAF VLV
RECYCLE GAS 2 DV CYCLE COMP B DSCH PRESS SAE VLV
QUENCHED FLUE GAS COMP A PPESS SAF VLV
QUENCHED FLUE GAS COMP B DSCH PRESS SAF VLV
LIGNITE HOPPER PURGE GAS PRESS SAF VLV
RG QUENCHER QUENCHED FLUE GAS OUTL PRESS SFTY VLV
LIGNITE IN HOPPER B VENT GAS PRESSURE SAFETY VALVE
WATER JACKET PRESSURE SAFETY VALVE
DOLOMITE OUT HOPPER PRESSURE SAFETY VALVE
PRG LINE PRESS SAP VLV
QUENCHED FUEL GAS COMPRESSOR A DSCH PRESS SAP VLV
QUENCHED FLUE GAS COMP B DSCH PRESS SAF VLV
DV CYCLE COMP A CLG WTR RTRN PRESS SAP VLV
DV CYCLE COMP B CLG WTR RTPN PRESS SAF VLV
MAIN AIR COMPRESSOR CLG WTR RTRN PRESS SAF VLV

DEVICE
I.D. NO.

CT3

kwn
(TA



ERIA COAL CONVERSION INSTRUMENTATION REVIEW FOR THE C02 ACCEPTOi PROCESS
INSTRUMENTS WHICH APE ACCEPTABLE IN SCALED UP PLANTS (CON11NUiED)

DEVICE
T.D. NO.

PSV 2033
PSv 2034
PSV 2-135
PSV 2036
PSV 2037
PSV 2038
PSV 2041
PSV 2142
PSV 2043
PSV 2044
PSV 2)45
PSV 2046
PSV 2047
PSV 2048
PSV 2049
PSV 2)50
PSV 2051
PSV 2052
PSV 2053
PSV 2054
P V 2057
PSV 2064
PSV 2)66
PSV 2067
PSV 2071
PSV 2072
PSV 2171
tSV 2075
PSV 2209
PSV 3001
PSV 3003
PSV 3005

PSV 3014

PSV 3015

MEASUREMENT NAME / COMMENTSFLOW SHEET
SPC

204-1
204-1
204-1
204-1
204-1
204-1
20 3-1
203-1
20 2
202
2^4-1
204-1
204-1
2014-2
204-2
2C4-2
205
20c
204 -1
204-1
204-1
2^4-1
204-1
204-1
202
204-1
204-2
204-1
202
205
206
207

208

208

MAIN AIR COMPRESSOR 2ND STA CLG WTR RTRN PRESS SAF VLV
AIP COMPRESSOR DSCH PRESS SAF v LV

MAIN AIR COMP CLG WTR RTRN PRESS SAF VLV
MAIN AIR COMP CLG WTR RTRN PRESS S1F VLV
RECYCLE FLUE GAS COMP CLG WTR RTRN PRESS SAF VLV
RECYCLE FLUE GAS COMPRESSOR CLG WTR RTRN PiRESS SAF VLV
DUMP FOPPFR PUFGF GAS PRESSURE SAFETY VALVE
FLARE LINE PRESSURE SAFETY/RELIEF VALVE
C02 DRYER PRESS SAF VLV
r:2 AFTERFILTEP PPESS SAF VLV
RECYCLE FLUE GAS DRYER PRESS SAF VLV
RECYCLE FLUE GAS DRYER PRESS SAF VLV
RECYCLE FLUE GAS PRESS SAF VLV
RECYCLE GAS DRYER PRESS SAF VLV
RECYCLE GAS LPYER PRESS SAF VLV
COOLING WATER PETURM LINE PRESS SAF VLV
ASH OUT HOPPER A INERT GAS INLET PRESS SFTY VLV
ASH OU0. HOPPFP B INEPT GAS INLET PRESS SFTY VLV
AIR HEATER INLET PRESS SAF VLV
CHAP LIFT HEATER RECYCLE FLUE GAS TNLT PRESS SAF VLV
DOLOMITE LIFT HTR LIFT GAS TNLT PRESS SAF VLV
MAIN AIR COMPRESSOR 1ST STA CLG WTR RTRN PRESS SAP VALVE
MAIN AIR COMP 1ST STA DSCH PRESS SAF VLV
MAIN AIR COMP 2ND SfA PRESS SAF VLV
C02 DRYER PRESS SAF VLV
RECYCLE GAS DRYER DSCH PRESS SAF VLV
RECYCLE GAS DRYER PRESS SAF VLV
ATR SURGE TANK PRESS SAF VLV

PRG LINE PRESS SAF VLV
RG QUENCH CLR CLG WTR RETURN PRESS SFTY VLV
GF QUENCH COOLER CLG WTR RET PRESS SFTY VLV
DV QUENCH COOLER CLG WTR RET PRESS SFTY VLV

S.O.P.
ABSORBER CONDENSER CLG WTR RET PRESS SFTY VLV

IND STD-PELIEF VLVS ON PRESS VESSELS
STRIPPER C)NDENSER CLG WTR RET PRESS SFTY VLV

STD APPLICATION

Lit



ERDA COAL CONVEtISION INSTRUMENTATION REVIEW FOR THE C02 ACCEPTOR PROCESS
INSTRUMENTS WHICH APE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE
I.D. NO.

PSV 3016

PSV 3017

PSV 3018
PSV 3019

PSV 1023

PSV 3024

PSV 3025

PSV 3026

PSV 3027

PSV 3028

PSV 3029

PSV 3030

PSV 3031

PsV 3032

PSV 3033

PsV 3034
PSV 5058
PSV 5059
PSY 5060
PSV 5066
PSV 5068
PT 1000

FLOW
SRC

208

208

206
207

208

208

208

208

208

208

208

208

208

208

207

206
205
205
205
205
205
201

SHEET MEASUREMENT NAME / COMMENTS

3RD STAGE RECYCLE C02 COMPRESSOR DSCH PRESS SFTY VLV
STD APPLICATION

2ND C02 INTERCOOLER CLG WTR RET PRESS CONT VLV
STD APPLICATION

GF QUENCHER OUTL PRESS SFTY VLV
DV QUENCHER QUENCHED GAS OUTL PRESS SFTY VLV

STD DEVICE-COMMON PRACTICE
FIRST STAGE RECYCLE C02 COMPRESSOR DSCH PRESS SFTY VLV

STD APPLICATION
1ST C02 INtERCQOLFR CLG WTR RET PRESS SFTY VLV

STD APPLICATION
FIRST STAGE RECYCLE C02 COMPRESSOR CLG WTR RET P SFTY VLV

STD APPLICATION
3RD STAGE RECYCLE C02 COMPRESSOR CLG WTR RET PRESS SFTY VLV

STD APPLICATION
2ND STAGE RECYCLE C02 COMPRESSOR CLG WTR REl PRESS SFTY VLV

STD APPLICATION
C02 AFTERCOOLER CLG WTR RET PRESS SFTY VLV

STD APPLICATION
2ND STAGE RECYCLE C02 COMPRESSOR DSCH PRrSS SFTY VLV

STD APPLICATION
HPC AESOFPER QUENCHED FLUE GAS INLET PRESS SFTY VLV

STD DEVICE
HPC APSOREFR QUENCHED FLUE GAS OUTL PRESS SFTY VL.V

STL DEVICE
HPC STRIPPER C02 OUTL PRESS SFTY VLV

STD APPLICATION
DV QUENCHER PROCESS GkS STPM 1 INLT PRESS SFTi VLV

STD APPLICATION
QUENCH STFIPPEP WASTE GAS OUTL PRESS SFTi VLV
INHIBITOR INJ PMP B DSCH PRESS SFTY VLV
INHIBITOR INJ PMP C DSCH PRESS SFTY VLV
INHIBITOR INJ PMP C DSCH PRESS SFTY VLV
INHIBITOR INJ PMP A DSCH SFTY VLV
INHIBITOR INJ PMP B DSCH PRESS SFTY VLV
WIILIAMS MILL DSCH PRESSJRE TRANSMITTER

U,
OD



EPDA COaL CONVEY SION INFTRUMENTATION REVIEW FOR THE C02 ACCEPTOR PROCESS
I TPU'EN"S WHICH APE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE
I... NO.

PT
PT
PT
PT
PT
PT
PT
PT
PT
PT
0T

PT
PT
PT
PT
PT
PT
PT

PT

PT
PT

1010
1012
1027
2001
2002A
2t11
2022
2036
2041
2f 52
2053

IS 4
2055
2064
2065
2071
2r9c.
2^9sAh
2113
2123
2224
2225
3C' 9

PT 3128
PT 3 U46

PT 3051

PT 3063

RO
RO

Ro

1030
1035
1036
2184

FASUREMENT NAME / COMMENTSFLOW SHI!T
SF C

232
202
202
203-1
203-2
203-1
203-1
204-1
204-1
204-2
204-2
234-2
204-2
232
202
202
203-1
233-2
204-1
203-1
205
205
2C7

205
2: 9

238

233

202
202
201
201
204-1

QUENCHED FLUE GAS PRESS XMTR
AIR PRESS XMTR
QUENCHED FLUE GAS PRESS XMT?
DEVC1ATILIZFR PROCESS GAS PRESSURE TRANSMITTER
REGENEF'ATOP/DEVOLATILIZER D/P LINE PRESS XHIR
DOLOMITE OUT HOPPER DSCH PRESSURE TRANSMITTR
PROCESS GAS 2 PRESST TE TANS1ITTR
AIF SURGE TANK PRESS XMTR
RECYCLE GAS PRESS XMTR
RECYCLE GAS 2 PRESS XMTR
DV CYCLE COMP DSC9 PRESS XMTR
QUENCHED FLUE GAS LINE PRESS XMTR
QUENCHED FLUE GAS PPESS
INEPT GAS PRESSURE XMTR
PUFGE GAS PRESS XMTR
QUENCHED FUEL GAS PRESS XMTR

ENGAGED POT PRESSURE TRANSMITTER
SPFNT CHAR LINE D/P LINE PRESSURE XMTR
RECYCLE GAS CHAR LIFT PRESS XMTR
EVGAGEP POT PRESSURE TRANSMITTER
ASH OUT HOPPER A BELIEF VENT GAS PRESS XITR

ASH OUT HOPPER B RELIEF VENT GAS PRESS XMTR

WASTE GAS TO FLARE PRESS XMTR
STD DEVICE

RG CYCLONE FLUE GAS OUTL PRESS XMTR
ABSORFEP CONDENSER OUTL PRESS XMTR

STD DEVICE
FIRST STAGE RECYCLE C02 COMPRESSOR SUCT PRESS XMrR

STD DEVICE
RECYCLE C02 PRESS XMTR

STD DEVICE
INEPT GAS RESTRICTION ORIFICE
INERT GAS RESTRICTION ORIFICE
LIGNITE CYCLONE OUTLET INERT GAS SUPPLY RESTRICTION ORIFICE
LIGNITE CYCLONE INLET INERT GAS SUPPLY RESTRICTION ORIFICE
RECYCLE FLUE GAS DRYER RESTRICTION ORIFICE

uL



ERDA COAL CCNVESION INSTRUMENTATION REVIEW FOR THE C02 ACCEPTOR PROCESS
INSTRUMENTS WHICH APE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE FLOW SHE: T MEASUREMENT NAME / COMMENTS
I.D. NO. SRC

RO 2195 204-2 RECYCLE GAS DRYER REGEN RESTRICTION ORIFICE
F0 2186 202 C02 DFYFF RSTPTN ORIF
H0 2190 204-1 AIR HEATER COMBUSTION ELEMENT SPARGE RESTRICTION ORIF
RO 2191 204-1 DOLOMITE LIFT HEATER COMBUSTION ELMT SPARGE REST ORIF
PO 2192 204-1 CHAR LIFT HEATER COMB ELMT SPARGE AIR RESTRICIION ORIFICE
RO 2193 204-1 ATR HEATED INLET INERT GAS RESTRICTION ORIClCE
PO 2217 203-1 DOLOEtITE RECYCLE FLUE GAS INLET RESTRICTION ORIFICE
HO 2218 203-1 DEVCLATILIZER RECYCLE GAS DSCH VLV PURGE GAS RESTRICTION ORF

RO 2219 203-1 WASTE DOLOMITE INLT VLV PURGE GAS RESTRICTION ORIFICE
HO 2220 203-1 SUMP HOPPER WASTE DOLOMITE INLT VLV PURGE RESTRICTION ORIF
PO 2221 203-1 SPENT DOLOMITE LIN VLV PURGE GAS RESTRICTION 3RIFICE
30 2222 203-1 SPENT DOLOMITE DSCH VALVE PURGE RESTRICTION ORIFICE
PO 2224 203-1 CHAP DSCH CV PURGE GAS RESTRICTION ORIFICE
PO 2226 203-1 PURGE GAS B RESTRICTION ORIFICE
RO 2227 203-1 PURGE GAS R RESTRICTION ORIFICE a'
?O 2231 203-1 DEVOLATILIZER HEATER PURGE GAS ,-UPPLY RESTRICTION ORIFICE 0

RO 2232 203-1 DEVOLATILIZEP HEATER PURGE GAS SUPPLY RESTRICTION ORIFICE
'0 2234 203-1 GASIFIEP RECYCLE GAS 2 INLET RESTRICTION ORIFICE
RO 2235 203-1 GASIFIER RECYCLE GAS 2 INLET RESTRICTION ORIFICE
PO 2261 203-1 RECYCLE GAS BY-PASS LINE RESTRICTION ORIFICE
FO 2262 203-1 PURGE GAS B RESTRICTION ORIFICE
PO 2263 203-1 SPENT DOLOMITE CV PURGE GAS RESTRICTION ORIFICE
PO 2266 203-1 RECYCLE GAS WASTE DOLOMITE VALVE PURGE RESTRICTION ORIFICE
R0 2292 205 ASH OUT HOPPER A TNIT CV GAS PURGE RESTRICTIVE OdIFICE
R0 2293 205 ASH OUT HOPPER B INLT CV GAS PURGE RESTRICTIVE ORIFICE
HO 3020 207 DV QUENCH SEPAFATOR BLR FRED WTR INLT RESTRICTIVE ORIFICE

STD DEVICE

90 3021 206 GF QUENCH SEPARATOR PLR FEED WTR INLT PESI&tICTIVE ORIFICE
RO 5034 204-2 QUENCHED FLUE GAS COMP A CLG WTP RTRN RESTRICTION ORIFICE
FO 5035 204-2 QUENCHED FLUF GAS COMP B CLG WTR PTPN RESTRICTION ORIFICE
RO 5036 204-1 QUENCHED FLUE GAS COOLING WATER RTRN RESTRICTION ORIFICE

PO 5037 204-1 QUENCHED FLUE GAS COOLING WATER RTRN RESTRICTION ORIFICE
RO 5038 204-2 DV CYCLE COMP A CLG WTR RTRN RESTRICTION ORIFICE
RO 5039 204-2 DV CYCLE COMP B CLG WTR RTRN RESTRICTION ORIFICE
HO 5047 '201 DOLOMITE SILO A PLANT AIR SUPPLY RESTRICTION ORIFICE
P0 50489 201 DOLOMITE SILO B PLANT AIR SUPPLY RESTRICTION )RIFICE



ERDA COAL CONVEY SION INSTPUMENTATICN PEVIEW FOR THE C02 ACCEPTOR PROCESS
INSTRUMENTS WHICH APE ACCEPTABLE IN SCALED UP PLANTS (COciINUED)

DEVICE
I.D. NO.

SCV 1059
SI 205U
SI 2055
SI 2056
TCV 1000
TCV 1010
TCV 2030
TCV 2047
TCV 2050
TCV 2054
TCV 2073
TCV 2074
TCV 2075
TCV 3012

TE
TE
TE
TE
TE
TE
TE
TE
TE
TE
TE

TE

1002
1006
1007
1008
1009
1010
1012
1013
1014
1015
1020
1023

TE 124

TE 1025

TE 1026

TE 1027

MEASUREMENT NAME / COMMENTSFLOW SHEET
SRC

20 1
202
202
203-1
201
202
203-1
204-1
204-1
204-1
203-3
203-3
203-3
207

20 1
201
201
20 1
201
202
202
202
202
20 2
202
201

201

201

201

201

BAG HOUSE COOLING RATEP SUPPLY SOLENOID VALVE
LIGNITE HOPPER A FEEDER MOTOR SPEED INDICATOR
LIGNITE HOPPER B FEEDER MOTOR SPEED INDICATOR
DOLOMITE HOPPER ROTARY VALVE MOTOR SPEED INDICATOR
DRYFP FURNACE TEMPERATURE CONTROL VALVE
PRHTR FUNACE FUEL GAS TEMP CONT VLV
GASIFIF? DOLOMITE SUPPLY TEMPERATURE CONTROL VALVE
AIP HEATER TEMP CONT VLV
DOLOMITE LIFT GAS TEMP CONT VLV
HOT CHAR LIFT GAS TEMP CONT VLV
DV STEAM DRUM TEMP CONT VLV
RG STEAM DRUM COND TEMP CONT VALVE
GASIFIER JACKET WATER TEMP CONT VALVE
DV QUENCHER PROCESS GAS STRM 1 INLT TEMP CONT VLV

STD STATE OF ART OK
DRYER FURNACE OUTLET TEMPERATURE ELEMENT
MILL SEPARATOR OUTLET TEMPERATURE ELEMENT
MILL SEPARATOR OUTLET TEMPERATURE ELEMENT
LIGNITE CYCLONE INLET TEMPERATURE ELEMENT
LIGNITE CYCLONE VENT GAS TEMPERATURE FLEiENT
WASTE LIGNITE TFP ELMT
LIGNITE PRHTP TEMP ELMT
LIGNITE FRHTR TEMP ELMT
LIGNITE PRHTEP TEMP ELMT
PRHTR FURNACE INERT GAS TEMP ELMT
WASTE LIGNITE TEMP ELMT
INERT GAS INLET TEMPERATURE ELEMENT

TO TR 1001
INFRT GAS INLET TEMPERATURE ELEMENT

TO TR 1001
INEPT GAS INLET TEMPERATURE ELEMENT

TO TR 1001
INERT GAS INLET TEMPERATURE ELEMENT

TO TR 1001
INERT GAS INLET TEMPERATURE ELEMENT

TO TR 1001

aI



ERDA COAL CONVE SION INSTRUMENTATION REVIEW FOP THE C02 ACEPTOd PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINULD)

DEVICE FLOW SHE T MEASUREMENT NAME / COMMENTS
I.D. NO. SPC

TE 1028 201 INEPT GAS INLET TEMPERATURE ELEMENT
TO TR 1001

TE 1029 201 SECONDARY FAN SUCTION TEMPERATURE ELEMENT
TE 2001A 203-1 DEVOLATILIZER VAPOR SPACE TEMPERATURE ELdENT

TB 2000-8
TE 2001B 203-1 DEVOLATILIZER VAPOR SPACE TEMPERATUPE ELEMENT

TR 2000-12
TE 2002 203-1 DEVOLATILIZER VAPOR SPACE T MPERATUPE ELEdENi

TP 20C0-7
TE 2003 203-1 DEVOLATILIZER VAPOR SPACE TEMPERATURE

TB 2000-6
TE 2004 203-1 DEVOLATILIZEP FLUID BED TEMPERATURE ELEMENT

TR 2000-9
TE 2005 203-1 DEVCLATILIF; FLUID BED TEMPERATURE ELEMENT

TR 20'20-13
TE 2006 203-1 DE (OLATI l ]ER FLUID RED TEMPERATURE ELEMENT

TP >0c-10
TE 2007 203-1 DEVOLA' IZER FLUID BED TEMPERATURE ELEMENT

-r rv0O-14

TE 2008 203-1 DEVOLATILIZER RECYCLE GAS SUPPLY TEMPERATURE ELEMENT
TR 2000-16

TE 2009 203-1 DEVOLATILIZER SPENT DOLOMITE POT TEMPERATURE ELEMENT
TB 2000-11

TE 2010 203-1 RECYCLE GAS TEMPERATURE ELEMENT
TR 2000-5

TE 2012 203-1 GASIFIER CHAR DSCH LINE TEMPERATURE ELEMENT
TE 2013 203-1 DOLOMITE LIFT GAS TEMPERATURE ELEMENT

TB 2016-8
rE 2026 203-1 REGENERATOR AIP INLET TEMPERATURE ELEMENT
TE 2027 203-1 SPENT DOLCNITE LINE TEMPERATURE ELEMENT
TE 2028 203-1 SPENT CHAR LINE TEMPERATURE RECORDER

TR 2016-5
TE 2032A 203-1 GASIFIER VAPOR SPACE TEMPERATURE ELEMENT
TE 2033 203-1 GASIFIER VAPOR SPACE TEMPERATURE EI'MENT

TR 2000-7
"E 2035 203-1 GASIFIER FLUID BED TEMPERATURE ELEMENT

C'



ERDA COAL CONVERSION INSTRUMENTATION REVIEW FOR THE C02 ACCEPTOd PROCESS
INSTRUMENTS WHICP APE ACCEPTABLE TN SCALED UP PLANTS (CONTINUED)

DEVICE FLOW SHE3 T MEASUREMENT NAME / COMMENTS
I.D. NO. SRC

TE 2037 203-1 GASIFIEP FLUID RFD TEMPFRA TUBE ELEMENT
TE 2039 203-1 GASIFIER POT TEMPERATURE ELEMENT
TE 2040 203-1 RECYCLE GAS STREAM 2 TEMPERATURE ELEMENT

TR 2000-1
TE 2041 203-1 SPENT CHAR LIFT GAS TEMPERATURE ELEMENT

TP 2016-4
TE 2047 204-1 AIR HEATER TEMPERATURE ELEMENT
TE 2050 204-1 DOLOMITE LIFT HTR TEMP ELMT
TE 2054 204-1 HOT CHAR LIFT GAS TEMP ELMT
TE 2070 202 LIGNITE HOPPERS INLT TEMP ELMT
TE 2071 203-1 WASTE DOLOMITE STORAGE HOPPER SKIN TEMPERATURE ELEMENT
TE 2073 203-3 DV STEAM DEU1 COND DSCH TEMP ELMT
TE 2074 203-3 RG JACKET WATER COND rEMP ELMT
TE 2075 203-3 GASIFIEF JACKET WATER RETURN TEMP ELMT
TE 2079 203-1 DEVOLATILIZER SPENT DOLOMITE POT TEMPERATURE LEMINT

TR 2000-15
TE 2108 205 PG CYCLONE INLT TEMP ELEMENT
TE 2115 204-1 AIF HEATE INLFT TEMP ELMT
TE 2118 204-1 HOT CHAP LIFT GAS TEMP ELMT

UNLISTED - TI 7001

TE 2130 204-1 DOLOMITE LIFT HTF RECYCLE FLUE GAS DSZH TEMP ELMT
TE 2137 203-1 FLUE GAS HEAT TRACE TEMPERATURE ELEMENT
TE 2138 203-1 PIPE JACKET WATEP TEMPERATURE ELEMENT
TE 2160 203-1 WASTE DOLOMITE STORAGE HOPPER TEMPERATURE ELEMENT

FIRST OF SIX ELEMENTS POINT SELECT OR AVG ARE STANDARD
TE 2161 203-1 WASTE DOLOMITE STORAGE HOPPER TEMPERATURE ELEMENT

SEE TE 2160
TE 2162 203-1 WASTE DOLOMITE STORAGE HOPPER TEMPERATURE ELEMENT

SEE TE 2160
TE 216U 203-1 WASTE DOLOMITE STORAGE HOPPER TEMPERATURE ELEMENT

SEE TE 2160
TE 2165 203-1 WASTE DOLOMITE STORAGE HOPPER TEMPERATURd ELEMENT

SEE TE 2160
TE 2166 204-1 AIR HEATER STACK TEMP ELMT
TE 2167 204-1 AIR HEATER INLT TEMP ELMT
TE 2168 204-1 DOLOMITE LIFT HTR STACK TEMP ELMT



ERDA COAL CONVEY SION TNSTPUMENTATION REVIEW FOP THE C02 ACCEP Ott PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE
I.D. NO.

TE 2169
TE 2170
T^ 2171

TE 2201

TE 2202

TE
TE
TE
TE

2212
2215
2216
2217

TE 2218
TE 2220

TE
TE
TE
TE
TE
T E
TE
TE
TE
TE

TE
TE
TE
TE
TE
TE

TE
TE

2278
2279
2280
2286
2287C
2288
2289
2290
2291
2309

2310C
2311C
2312C
2313
2314
2315
2318
2319
3001

MEASUREMENT NAME / COMMENTSFLOW SHEET
SRC

204-1
204-1
20u-1

207

203-1

203-1
202
202
203-1

203-1
203-1

204-1
204-1
204-1
203-1
203-1
203-1
203-1
203-1
203-1
203-1

203-1
20 3-1
203-1
203-1
203-1
203-1
203-1
203-1
205

DOLOMITE LIFT HTR LIFT GAS DSCH TEMP ELMT
CHAR LIFT HEATER STACK TEMP ELMT
CHAR LIFT HEATER HOT GAS OUTL TEMP ELMT

IN HEATER
PROCESS GAS STRM 1 CLG JACKET WTR RET TEMP ELEM

TEMP STDS WELL DOCUMENTED
PROCESS GAS 2 HEAT TRACE TEMPERATURE ELEdEN.

TB 2016-2
DUMP HOPPER TEMPERATURE ELEMENT
LIGNITE HOPPER DSCH TEMP ELMT
LIGNITE FDR B DSCH TEMP ELMT
FLUE GAS TEMPERATURE ELEMENT

TR 2016-6
PROCESS GAS 2 HEAT TRACE TEMPERATURE ELEMENT
PROCESS GAS 2 HEAT TRACE TEMPERATURE ELEMENT

TR 2016-1
HOT CHAR LIFT GAS TEMP ELMT
AIR HEATER TEMPERATURE ELEMENT
DOLOMITE LIFT ITR LIFT GAS INLT TEMP ELMT
ENGAGER POT SPENT DOLOMITE INLET TEMPERATURE ELEMENT
REGENERATOR AIR TEMPERATURE ELEMENT (ROTARY VALVE PURGE)
SPENT DOLOMITE DISCHARG TEMPERATURE ELEMENT
REGENERATOR SPENT DOLOMITE LINE TEMPERATURE ELEMENT
SPENT DOLOMITE TEMPERATURE ELEMENT
REGENERATOR BOTTOM SKIN TEMPERATURE INDICATOR
GASIFIER SPENT DOLOMITE BED TEMPERATURE ELEMENT

TR 2000-3
CV CYCLONE DOLOMITE TEMPERATURE ELEMENT
DV CYCLONE DOLOMITE TEMPERATURE ELEMENT
DV CYCLONE DOLOMITE TEMPERATURE ELEMENT
DV CYCLONE DOLOMITE TEMPERATURE ELEMENT
GASIFIER JACKET TEMPERATURE ELEMENT
DV CYCLONE VAPOR SPACE TEMPERATURE ELEMENT
DOLOMITE VALVE TEMPERATUFE ELEMENT
GASIFIER FLUID BED TEMPERATURE ELEMENT
PG QUENCHER QUENCHED FLUE GAS OUTL TEMP ELLM

to



ERDA COAL CONVEY SION INSTRUMENTATION PEVIEW FIR THE C02 ACCEPTOR PROCESS
INSTRUMENTS WHICH! APE ACCEPTABLF IN SCALED UP PLANTS (CONTINUED)

DEVICE
I.D. NO.

TE 3706
ME 3009

TE 3047

TF 3061

TE 3096

TE 3114
TE 3115
TE 3116

THC 2014

T!TC 2030
TI 1003U
TI 1004U(

TI 1004V

TI 1005-U

TI 1008U

TI 1011U

TI 1017U

TI 1025U

MEASUREMENT NAME / COMMENTSFLOW SHEET
SFC

206
207

207

208

208

20 5
206
207

203-1

203-1
203-3
205

206

207

20 2

204-2

208

204-1

GF QUENCHER OUTL TEMP ELEM
DV QUENCHED QUENCHED GAS OUTL TEMP ELEM

STD DEVICE
DV QUENCHER PROCESS GAS STRM 1 INLT TEMP ELEM

STD DEVICE
ABSORbER CCNDENSEP OUTL TEMP ELEM

STD DEVICES SHO«ILD SCALE UP
HPC STTPPE CAPBONATE SOLUTION OUTL TEMP ELEM

STD DEVICE
RG QUE7CTS PMPS SUCTION HDR TEMP ELEMENT
GF QUENCH PMPS SUCT HDR TEMP ELEM
DV QUEY'CH SEPARATOR QUENCH WTR OUTL TEMP ELM

STD DEVICE
DEVOLATILIZER SOLENOID VALVE MANUAL TEMP CONTcOL

MAY HAVE BEEN FURNISHED FOR A DEVICE NOT CONTROLLED
DOLOMITE SUPPLY VALVE MANUAL TEMPERATURE CONTROL
3 UNLISTED TEMPERATURE INDICATORS
4 UNLISTED TEMP IND

STD UNITS-NO CONTROL
TC/BI-METALLIC

4 UNLISTED TEMP IND
STD UNITS-NO CONTROL
APPEARS AS BI-METALLIC

5 UNLISTED TEMP IND
STD DEVICE

8 UNLISTED TEMP IND
INDICATORS READILY AVALIABLE NO CONTROL
VAPOP FILLED,TCOR BI-METALLIC DEPENDING ON PREFERENCE

11 UNLISTED TEMP IND
STD UNITS-NO CONTROL
COULD BE BI-METALIC fnR HG FILLED

17 UNLISTED TEMPIND
STD DEVICES

25 UNLISTED TEMP IND
READILY AVAILABLE-QUITE RELIABLE-NO CONTROL
MISC/VAPOR FILLED/TC/BI-METALLIC?

V41



ERDA COAL CONVESTOM ItISTFPUMNTATIO ? REVIEW FOR THE C02 ACCEPTOR PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS CONTINUEDD)

DEVICE
I.D. NO.

TI 2001
TI 2142
TI 2143
TI 2210
TISH 1002

TISH 1021
TISH 2071
TISH 2166
TISH 2167
TISH 2168
TISH 2169
TISH 2170
TISH 2171
TISH 2177
TM 110i
T' 1020
TM 2047
TM 2050
Ti' 2054
TM 2073
TM 2074
TM 2075
TR 1001

TR 1001-2
TR 2000-2

1R 2000-3

TR 2016

TR 2016-2

FLOW SHEET MEASUREMENT NAME / COMMENTS
SRC

203-1
203-1
203-1
203-1
201

202
203-1
204-1
204-1
204-1
204-1
204-1
204-1
204-1
202
207
204-1
204-1
204-1
203-3
203-3
203-3
201

202
2C 2

203-1

2! 7

202

WASTE DOLOMITE HOPPER TEMPERATURE INDICATOR
FLUE GAS HEAT TRACE FLUID TEMP IND
PIPE JACKET WATER TEMPERATURE
PROCESS GAS 2 HEAT TRACE TEMPERATURE INDICATOR
DRYER FURNACE OUTLET TEMPER'tTU R INDICATING SWITCH HIGH

ALARM CONNECTION NOT SHOWN
PRHTR FUFACE INERT GAS OUTL TEMP IND SW HI
WASTE DOLOMITE STORAGE HOPPER SKIN TEMP IND SWITCH HIGH
AIR HEATER STACK TEMP I ND SW HI
AIR HEATER INLT TEMP IND SW HI
DOLOMITE LIFT HT? STACK IND TEIIP SW HI
DOLOMITE LIFT GAS HTR RECYCLE FLUE GAS DSCH TEMP IND SW HI
CHAR LIFT HEATER TEMP IND SW HI
:OT CHAP LIFT GAS TEMP IND SW HI
MAIN AIR COMPRESSOR CLG WTR RTRN IND TEMP Si dl
WASTE LIGNITE TEMP CONVERTOR
WASTE LIGNITE TEMP XDZR
AIR HEF"TER TEMP SIGNAL CONVERTER
DOLOMITE LIFT HTR TEMP CNVRTR
HOT CHAR LIFT GAS TEMP CVTP
DV STEAM DRUM COND DSCH TEMP %VTR
RG JACKET WATER COND MANUAL SET POINT TEMP CONT
GASIFIER JACKET WATER TEMP S/CVTR
LOCAL PANEL MOUNTED TEMPERATURE RECORDER MULTI-POINI

13 POINTS THIS DWG
4 PT TEMPFPATIJPE RECORDER
1 PT ON MULTI-PT TEMP RCDR

TEMP PCDPS GENERALLY RELIABLF

'OSSIBLY RTD OR TC
25 MISC TEMP POINTS RCDR

READILY AVAILABLE AND RELIABLE
TC OF VAPOR FILLED DEPENDING ON TEMP RANGE

PROCESS GPS STORM 1 CLG JACKET WTR RET TEMP AE5
STD DEVICE

2 PT ON MULTI-POINT T MP REC
TEMP RECORDERS ARE RELIABLE
CAN BE TC OP RTD

0%

0



ERDA COAL CONWERSIOM INSTRUNETATION REVIEW Pop FZE CO? ACC!PTOa PBOC&SS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (COMTINUEU)

DEVICE
I. . NO.

TR 201'-3

TR
TR
TR
TR

2082
2083
20864
2284

TR 2284A
?R 2284BTR 30'10-A

Tr 300 -B

TR 3306-3

TR 3000-9

TRC
TRC
q*RC
TRC
TRC
TRC
TIC
TRC
TSH
TSH
TSH
TSH
TS H
TSR

1000
1010
2047
2)50
2054
2073
2074
2075
100')
1002
1005
1009
1010
1115

FLOW SHRET NEASUREM?T NAME / CONREW1S
S1C

20 3-1

203-3
203-31
203-1
204-1

204-1
204-1
207

219

203-1

206

201
202
204-1
204-1
2C6-1
203-3
203-3
203-3
201
2"1
201
201
202
202

!EPPERATURE RECORDER R POINTS
FEW PROBLEMS WITH TE"P RCDPS
POSSIBLY TC OR RTD

DFVOLATILIZEP JACKET WATEP VAPOR DS11 TES R,91
RG JACKET CATER VA 1P OUTL ?EiP RCDR
GASIFIER JACKET WATER VAPOR 'ULET !ERP EDC
HOT CHAR LIFT GAS ?'MP PCDR

3 DEVICES
DOLOMITE LIFT H"R RECYCLE FLSE 'A3 ILT I A' Cba
AIR HTP OUTL TEIP RCDR

3 UNLISTFD TEMP PCDR POINTS
STD DEVICET! 3009,30u6 76*114. MS ARE V.-?I5 D-5

1 P!'INT N ISC TERP 3"'DS

S POINT TEMP C0
PRESENT RCDPS RI'' A !tPELTA wE

TC OR VAPOP FILLED RELATED TO TEMP RANS.
Q9IENCE VTR R?R% TEMP RCDP Pt 09 ILT-P

STD UNIT VERY RELIABLE
POSSIBLY TC OR RTD

MILL SEPARATE TE E3%T RC R!CD9IN7 'OThOLL&A
WASTE LIGNITE TEMP PFCOrPD!t COT
AIP REATEP TEMP REKC C'WT
DCOMITF LIFT GAS IIT" "C TeMP CnTRGT
:lcT CH?.R LIFT GAS "E' .EC Cr9T
DY STFAN PUM PEC T'Ms CSCC
RG JACKET WATER VAPP ^NDENSA:r "rMP REC ONr
GASIFIER JACKET WATEP PEFrRN "EMP NEC CONT
MILL SFPARATOR TEMPERATUP' SWITCH MIs"'
DRYER FURNACE OUTLET TEMPRATUPE SIICH iIiGJ
SECONDAR-. FAN SUCTI O "MP ESATURE SWITCH M"i8
LTGPTTL CYCLONE VENT 4AS ?E PEPAPURE SUI CW dI.d
RASTE LIGNITE TEMP SW HI
PRETR FURNACE INERT GS OUTL TEMP SW HI

OP ?R 1001 TO %A-lfl -)



ERDA COAL CONVEY SION ISTPUMENTATION REVIEW FOR THE C)2 ACCEPIOM PJC
INSTRUMENTS WHICH ABE ACCEPTABLE IN SCALED UP PLANTS (C0MtlNUzD)

DEVICE
I.D. NO.

TSH 2027
TSH 2047
TSH 2050
TSH 2054
TSH 2094
TSN 2098
TSH 2102
TSH 2106
TSH 2108
TSH 2133
TSH 2136
TSH 2137
TSH 2139
TSH 2173
TSH 2174
TSH 2175

TSH 2201

TSH 2202
TSH 2203
TSH 2204
TSH 2205
TSH 2206
TSH 2207
TSH 2208
TSH 2214
TSH 2219
TSH 2220
TSH 2223
TSH 3001
TSH 3006
TSH 3009

TSH 3047

TSH 3105

MEAC!PEMENT NAME / CONMNTrFLOW SHEET
SRC

203-1
204-1
204-1
204-1
204-2
204-2
204-2
204-2
205
204-1
204-1
203-1
203-1
204-1
204-1
204-1
207

203-1
204-2
204-2
204-2
204-2
204-1
204-1
204-1
203-1
203-1
204-1
205
206
207

207

208

SPENT DOLOMIT DSCH TEMPERATURE SWITCH HIGH
AIR HEATER TEMPERATU E SW HI
DOLOMITE LIFT GAS TEMP SW HI
HOT CHAP LIFT GAS TEMP SW HI
QUENCHED FLUE GAS COMP A TEMP SW HI
QUENCHED FLUE GAS COMP 3 LSCH TEMP SW LO
DV CYCLE COMP A SUCTION TE9P SW HI
DV CYCLE COMP B SUCTI')N TEMP SW HI
RG CYCLONE INLET TEMP SW HI
RECYCLE FLUE GAS COMP DSCH A TEMP SW HI
RECYCLE FLUE GAS COMP DSCH HDR B TEMP SW dl
FLUE GAS TEMPERATURE SWITCH HIGH
PIPE JACKET WATER TEMPERATURE SWITCH HIGH
MAIN AIR COMP 1ST STA AFTERCOOLER INLT TzNP S4 Hi
MAIN AIR COMP SECOND STAGE TEMP SW HI
AIR COMPRESSOR 3RD STAGE CLG WTR TEMP SW HI
PROCESS GAS STRM 1 CLG JACKET WTR RET HI TEMP SW

STD DEVICES-RELATIVELY STABLE
PROCESS GAS 2 HEAT TRACE TEMPERATURE SWITCH dIGH
QUENCHED FLUE GAS CO9P A CLG WTR RTRN TEMP S HI
QUENCHED FLUE GAS COMP B CLG WTR RTPN TEdP SW HI
DV CYCLE COMP A CLG WTR RTRN TEMP SW HI

DV CYCLE COMP B CLG WTR RTRN TEMP SW HI
RECYCLE FLUE GAS COMP CLG WTR RTRN TEMP SW HI
RECYCLE FLUE GAS COMP CLG WTR RTRN TEMP SW ill
MAIN AIR COMP 1ST STA AFTER COOLER INLT TEIA2 ANNUNC
FUEL GAS HEAT TRACE TEMPERATURE SWITCH HIGH
PROCESS GAS 2 HEAT TRACE TEMPERATURE SWITCH HIGH
2/3 STAGE COMP CLG WTR RTRN TEMP SW HI
RG QUENCHER QUENCHED FLUE GAS OUTL TEMP SW HI
GF QUENCHER OUTL TEMP SW HI
DV QUENCHER QUENCHED GAS OUTL HI TEMP SW

STD DEVICE
DV QUENCHER PROCESS GAS STRM 1 INLT HI TEMP Sr

STD DEVICE
FIRST STAGE RECYCLE C02 COMPRESSOR DSCH HI TEMP SW

STD APPLICATION

to

a'

00



ERDA COAL CONVEt SION INSTRUMENTATION REVIE'1 FOR THE C02 ACCEPTOR PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE
I.D. NO.

TSH 3106

TSH 3107

TSH 3110

TSH 3111

TSH 3112

TSH 3114
TSH 3115
TSH 3116

TSL 1003
TT 2082
TT 2083
TT 2094
WI 20 32
WI 2033
WR 2032
AR 2033
WSL 2032-1
WSL 2132-2
WSL 2033-1
WSL 2199
XA 1000-1

XA 1000-2

XA 2000-A

XA 2000-2
XA 2000-3

FLOW SHEET
SRC

208

208

208

208

2C 8

205
206
207

201
203-3
203-3
20 3-3
202
202
20 2
202
202
202
20 2
202
20 1

202

207

202
203-1

MEASUREMENTT NAME / COMM NTS

2ND STAGE RECYCLE C02 COMPRESSOR DSCH HI TEMP SW
STD APPLICATION

3RD STAGE RECYCLE C02 COMPRESSOR DSCH HI TEMP SW
STD APPLICATION

FIRS' STAGE RECYCLE C02 COMPRESSOR CLG WC RET Hi TEMP SW
STD APPLICATION

2ND STAGE RECYCLE C02 COMPRESSOR CLG WTR RET iI TEMP SW
STD APPLICATION

3RD STAGE RECYCLE C02 COMPRESSOR CLG WTR LEI Hi TEMP SW
STD APPLICATION

RG QUENCH PMPS SUCTION HDR TEMP SW HI
GF QUENCH PMPS SUCT HDR TEMP SW HI
DV QUENCH SEPARATOR QUENCH WTF OUTL HI TEMP SW

STD DEVICE
'TILL SEPARATOR TEMPERATUPE SWITCH LOW
DEVOLATILIZEE JACKET WATER VAPOR DSCH TEMP X ML
RG JACKET WATER VAPOR TEMP XMTR
GASIFIEP JACKET WATER VAPOR OUTLET TEMP XMTR
LIGNITE HOPPER A WEIGHT IND
LIGNITE FEEDER B WEIGHT IND
LIGNITE FDR B WT REC
LIGNITE FDR B WT REC
LIGNITE FDF A FT SW LO
LIGNITE FDR A WT SW LO
LIGNITE FDR WEIGH SW LO
LIGNITE FDP B WT SW LO
17 MISC ANNUNCIATOR POINTS

STD METHOD AND DEVICES FOR ALARM
REMOTE SWITCH OPERATED ALARM

6 MISC ANNUNCIATOR POINTS
STANDARD READILY AVAILABLE DEVICES
REMOTE SWITCH OPERATED ALARM

2 UNLISTED ANNUNC POINTS
STD DEVICE

2 UNLISTED ANNUNCIATOR POINTS
21 POINT MISC ANNUNCIATOR

STANDARD-READILY AVAILABLE
REMOTE SWITCH ACTUATED

O+



ERDA COAL COtVERSION TNSTFUMENTATION REVIEW FOR THE C02 ACCEPTOR PROCkSS
INSTRUMENTS WHICH APE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE
I.D. NO.

XA 2000-5

XA 2000-6

XA 2000-7

XA 2000-8
XA 2105
XA 2106
XA 2118A
XA 2118B
XA 2118C

XA 2118D

XA 2118E
XA 2118G
XA 2118H
XA 21181
XA 2118J
XA 2118K
XA 2133A
XA 21333
XA 2133C
XA 2133D
XA 2133E
XA 2133F
XA 2135

XA 3000-A

XA 3000-B

MEASUREMENT NAME / COMMiN1SFLOW SHEET
SRC

203-3

204-1

204-2

205
202
202
204-1
204-1
204-1

204-1

204-1
204-1
204-1
204-1
204-1
204-1
204-1
204-1
234-1
204-1
204-1
203-3
204-1

207

208

13 MISC ANNUC POINTS UNLISTED
STD METHOD & DEVICES TO ALARM
REMOTE SWITCH OPTD DEVICES

7 MISC ANNUNCIATOR POINTS
STANDARD' READILY AVAILABLE DEVICES
REMOTE SWITCH OPERATED ALARMS

8 UNLISTED MISC AN'JUNCIATO? ?INTC
STD UNITS VERY PELTABLE
REMOTE SWITCH ACTUATED ALARMS

8 UNLISTED ANNUNCIATOR POINTS
FIFTH FLOOR ANNUNC
FLOOR 6 ANNUNC
AIR HEATER INLET LOW FLOW ANNUNC
AIR HEATER OUTLET HIGH TEMP ANNUNC
AIR HEATER FLa'E OUT ANNUNC

2 XH
DOLOMITE LIFT GAS HTR STACK HI TEMP ANNUNC

2 XH
DOLOMITE LIFT GAS HTR INLVT LOW FLOW ANNUNC
DOLOMITE LIFT GAS HTP FLA!E OUT ANNUNC
CHAP LIFT GAS HEATER STACK HI TEMP ANNUNC
CHAP LIFT GAS HE.ATS INLET LO FLOW ANNUNC
CHAR LIFT GAS HEATER OUTLET HI TEMP ANNUNC
CHAR LIFT GAS HEATER FLAME OUT ANNUNC
MAIN AIR COMPRESSOR 1ST STA A HI WTR TEMP ANNUNC
MAIN AIR COMPRESSOR 1ST STA B 4I WTR TEMP
COMP LUBE OIL CLP WTR INLT TEMP HI ANNUC
MAIN AIR COMP 3RD STA CLR TEMP HI ANNUNC
MAIN AIR COMP 2ND STA CLR TEMP HI ANNUNC
2/3 STAGE COMP CLG WTR RTRN TEMP HI ANNUNC
MAIN AIR COMPRESSOR LOW LUBE OIL PRESS AYNUNC

VENDOR PKG
UNLISTED ANNUNC POINTS-13

STD DEVICE
7 MISC ANNUNC POINTS

STD DEVICE - NO PROBLEMS
REMOTE SWITCH OPTD ALARM

w
to



ERDA COAL CONVERSION INSTRUMENTATION REVIEW FOR THE C02 ACCEPTOA dOCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CO IN UED)

DEVICE
I.D. NO.

XA 3000- 8

XA 3000-9

XCV
XCV
XCV
XCV
XCV
XCV
XCV
XCV
XCV
XCV
XCV
XCV
XCV
XCV
XCV
xCV
XCV
XcV
XCV
XCV
XCV
XCV
XCV
XCV
XCV
XCV
XCV
XCV
XCV
XCV

1001
1002
1003
1008
1009
1010
1011
1012
1013
1037
1'38
1039
1041
1042
1044
1045
104 3
1050
1052
1052A
1056
1059
2004
2010
2013
2022
2023
2024
2026
2039

FLOW
SRC

SHE3 T

205

206

20 1
20 1
20 1
201
202
202
202
202
20 1
201
201
201
202
202
202
201
202
201
201
201
20 1
201
203-1
203-1
203-1
204-1
204-1
204-2
204-2
202

MEASUREMENT NAME / COMMENTS

6 UNLISTED MiISC ANNUNCIATOR POINTS
STD UNITS VERY RELIABLE
REMOTE SW ACTUATED ALARMS

11 UNLISTED MISC ANNUNC PTS
STD UNITS VERY RFLiABLE
REMOTE SW ACTUATED AL9S

INEPT GAS SUPPLY CONTROL VALVE
DRYFR FURNACE START-UP STACK AUTO DAMPER
DRYER FURNACE INLET AUT l DAMPER
DRYER FURNACE OUT LET AUTO DAMPER
INERT GAS SOL POSN CfNT VLV
QUENCHED FLUE GAS POSN CONT VLV
QUENCHED FLUE GAS POSN CONT VLV
FURNACE PILOT FUEL GAS SOL CONT VLV
LIGNITE SURGE BIN INLET CZ)NTROL VALVE
WILLIAMS MILL LIGNITE SLUFR RECYCLE LINE CU0iAOL VALVE
DOLOMITE FINES PIN OUTLET CONTROL VALVE
DOLOMITE BIN OUTLET CONTROL VALVE
F'JRNACE FUEL GAS CONT SOL VLV
PNEUMATIC CONT LOOP SOL CONT VLV
INEPT GAS POSN CONT VLV
DRY LIGNITE FEEDER INERT GAS StIPPLY SOLENOID VALVE
IGVITOR AIL LINE SOL VLV
DRY LIGNITE FEEDER A INERT GAS SUDPLY SOLkNJIv VALVE
LIGNITE CYCLONE INLFT INERT GAS SUPPLY CONrRaL VAAV
BAG HOUSE INERT GAS INLET CONTROL VALVE
DRYER FURNACE COOLING WATER SUPPLY SOLENOID VaLVi
BAG HOUSE COOLING WAT:R SUPPLY SOLENOID VALVE
DOLOMITE DUMP INLET CONTROL VALVE
SPENT DOLOMITE DSCH LINE SOLENOID CONTROLLER VALVE
GASIFIER CHAR DSCH SOLENOID CONTROLLED VALVE
AIR HEATER INLET AIR SOL POSITION CONT VLV
CHAP LIFT HEATER RECYCLE GAS INLT SOL VLV
RECYCLE GAS 2 SOL POS CONT VLV
RECYCLE GAS 1 SOL POS CONT VLV
LIGNITE HOPPER DSCH SOL POS VLV



ERDA COAL CONVERSION INSTRUMENTATION REVIEW FOR THE C02 ACCEPTO PdO;k.QS
INSTRUMENTS WHICP ARE ACCEPTABLE IN SCALED UP PLANTS (ZONILNUBLL)

MEASURP.N!NT NAME / CNKEUYFLOW SHEET
SRC

XCV
XCV
XCV
Xcv
XCV
XCV
XCV
XCV
XCV
XCV
XCV
XCV
XCv
xCV
XCV
XCV
XCV
XCV
Xcv
XCV
XCV
XCV
XCV
Xcv
xCV
XCV
XCV
XCV
XCV

2041
2049
2050
2051
2052
2059B
2060B
2073
2085
2086
2087
2088
2090
2095
2096
2097
2099
2114
2120
2126
2127
2128
2129
2130
2131
2132
2150
2151
3002

XCV 5069

XHC
XIC
XHC
XHC

1003
1010
1011
1037

204-1
203-3
203 -3
203-3
20 3 -3
205
205
233-1
20?
2^ 2
202
202
202
202
202
205
205
204-1
202
204-2
203-1
203-1
203-1
233-1
203-1
203-1
205
205
207

208

201
202
202
201

DOLONITE LIFT HTP LIFT GAS INLT SOL POS CONTROL VLV
DV JACKET WTR CIRC PUMP DSCH SOL COWT VLV
DV JACKET WATER CIRC PUMP SUCTION SOL VLV
GASIFIER JACKET WATER CIRC PUMPS DSCH SOL VLV
GASIFIER JACKET WATER CIRC PUMPS SUCT SOL Vi.V
ASH OUT HOPPER A OUTL COUNT VLV
ASH OUT HOPPER B OUTL COLT VLV
WASTE DOLOMITE POSITION CONTROL VALVE
LIGNITE HOPPER INLT ELEC DOSN COUNT VLV
LIGNITE IN HOPPER B INLET CONTROL VALVE
LIGNITE HOPPER PURGE G&S ELEC POSY CON' VLV
LIGNITE IN HOPPER B C02 INLET CONTROL VALV9
LIG FDR B DSCH SOLENOID POSN VLV
LIGNITE HOPPER EQUALIZING VNT POSY CONT VLV
LIGNITE IN HOP?ER B VENT GAS CONTROL VALVz
ASH OUT HOPPER A RELIEF VEN r GAS CONTROL Vai.VE
ASH OUT HOPPER B RELIEF V FM GAS CONTROL VALVE
AIR HEATER INLET INERT GAS SOL POS CONT VLV
Q ENCHED FUEL GAS AUTO/MAN CON' VLV
DV CYCLE COMP SOL CVJT VLV
DEVOLATILIZEP PROCESS GAS SOLENOID CONTROL VAtVi.
PURGE GAS CONTROL SOLENOID VAL7E
DEVOLATILIZER SPENT DOLOMITE DSCH SOLENO1iJ VA:.VL
DOLOMITE SUPPLY SOLENOID CONTrFOL VALV
COFE DISCHARGE L!IN SOL!NOID 7ALVF
GASIFIER SPENT DOLOMITE LINE SOLENOID VALVE
ASH OUT HOPPER A INERT GAS INLET CONT VLV
ASH OUT HOPPER B TNERT GAS INLT CONTROL VALVE
WASTE GAS TO FLARE PRESS CON? VLV SOLENOID VLV

STD DEVICE OK
FIRST STAGE RECYCLE C02 CMPP FUEL GAS INLi CONI VLV

STD VENDOR FURNISHED CONTROL
DRYER FURNACE INLET AUTO DAMPER HAND CONTROLLER
QUENCHED FLUE GAS CV HAND POSN CONT
QUENCHED FLUE GAS CV HAND POSN CONI
WILLIAMS MILL LIGNITE SLURRY COUNT VALVE HAND CONTROL

DEVICE
I.D. NO.

Ix



ERDA COAL CONVE? SION INSTRUMENTATION REVIEW FOR THE C02 ACCEPTOR PR3CzSS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANS (CONT:NU;Z)

DEVICE
I.D. NO.

XHC 1033
XHC 1039
XHC 2073
XHC 2150
XHC 2151
XXH 2134
X1008U
ZI 1002
ZI 1008

FLOW SHEET
SRC

201
2'1
203-1
205
205
204-1
204-2
201
201

MEASUREMENT NAM!E / COMMENiS

DOLOMITE FINES IN OUTLET CONTROL VALVE dAND CONIdOLLER
DOLOMITE BIN OUTLET CONTROL VALVE HAND Cub rKLL.a
WASTE DOLOMITE VALVE HAND POSITION CONTROL
ASH OUT HOPPER A INERT GAS INLT CV HANDLE CONBJLL .i
ASH OUT HOPPER B INERT GAS INLT CV HAND CUNTRa.LdiR
MAIN AIR COMPRESSOR VIBRATION LVL RI
8 UNLISTED PRESS IND
DRYFR FURNACE START-UP STICK AUTO DAMPER P0oSIION INDICATOR
DRYER FJPNACE OUTLET AUTO DAMPER POSITION INDICAiOh

V



ERDA COAL CONVERSION INSTRUMENTATION REVIEW FOP THE HYGAS PROCESS
INSTRUMENTS WHICH APE ACCEPTABLE IN SCALED UP PLANTS

DEVICE
I.D. NO.

AIC 510
AIC 521
AIT 510
AR 405
AR 406
AR 462
AR 463
AR 505
A? 510
AR 521
AR 566
AY 510
AY 521
EL 115
EL 309
EMF/P 321
FE 511
FE 522
FI 3038

FI 3144
FI 3145
FIC 511
FIC 522
FQ 3079
'P 506

FR
FR
FT
FT
FT
FV
FV
FV
FY

511
522
506
511
522
2022
511
522
511

FLOW SHEET
IG T

5.00-1-J
5.00-1-J
5.00-1-J
4.00-1-J
4.00--1-J
4.00-2-J
4.00-2-J
5.(00-1-J
5.00-1-J
5.00-1-J
5.00-1-J
5.00-1-J
5.00-1-3
1.00-1-J
3.00-1-J
3.00-2-J
5.00-1-J
5.00-1-J
3.00-1-J

3.00-2-J
3.00-2-J
5.00-1-J
5.00-1-J
3.00-1-J
5.00-1-J

5.00-1-J
5.00-1 3
5.00-1-J
5. n 0-1-J
5.00-1-J
1.00-1-J
5.00-1-J
5.00-1-7
5.00-1-J

MEASUREMENT NAME / COMMENTS

1ST STAGE QUENCH GAS CO ANALYTICAL IND CONI
1ST STAGE QUENCH GAS CO ANALYTICAL IND CONT
1ST STAGE QUENCH GAS CO ANALYTICAL RCDR
QUENCH TOWER GAS ANALYTICAL RCDR
HYGAS ANALYTICAL RCDR
CAUSTIC & WATER WASH SCRUBBER GAS ANALYSIS i:LR CO
CAUSTIC & WATER WASH SCRUBBER C02 ANALYTICAL RCDt
1ST STAGE QUENCH GAS CO ANALYTICAL RCDR
1ST STAGE QUENCH GAS CO ANALYTICAL RCDR
1ST STAGE QUENCH GAS CO ANALYTICAL RCDR
1ST STAGE QUENCH GAS H2 ANALYTICAL RCDP
1ST STAGE QUENCH GAS CO ANALYTICAL E/P CNVTR
1ST STAGE QUENCH GAS CO ANALYrICAL E/P CNVTR
UNTFEITED COAL FLOW VALVE PILOT LIGHT
FEED SLURRY PUMP MOTOR PILOT LIGHT
HYGAS REACTCP LEVEL E/P ZNVTR
1ST STAGE QUENCH GAS FLOW ELMT
RECYCLE GAS FLOW ELMT
FEED SLUERY PUMP LIGHT OIL SUPPLY FLOW INDICATO

STD DEVICE
HYGAS REACTOR IN-LINE FLOW INDICATOR
HYGAS REACTOR IN-LINE FLOW INDICATOR
1ST STAGE QUENCH GAS FLOW IND CONT
1ST STAGE QUENCH GAS IND FLOW CONT
FEED SLURRY PUMPS SUCTION FLOW REC
1ST STAGE QUENCH GAS FLOW RECORDER

RCDR OK BUT NO PRESSURE CORRECTION
1ST STAGE QUENCH GAS FLOW RCDR
1ST STAGE QUENCH GAS FLOW RCDR
1ST STAGE QUENCH GAS FLOW RCDP
1ST STAGE QUENCH GAS FLOW XMTR
1ST STAGE QUENCH GAS FLOW TRANSMITTER
COAL FLOW VALVE
1ST STAGE QUENCH GAS FLOW CONT VALVE
1ST STAGE QUENCH GAS FLOW CONT VALVE
1ST STAGE QUENCH GAS FLOW SQ RT CNVTR

Od

V



ERDA COAL CCNVERSION INSTRUMENTATION REVIEW FOR THE HYGAS PROCESS
INSTRUMENTS WH TCH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE
I.D. NO.

FY 522
HS 112
HSB 315A
HSL 315A
IE 309
II 309
IIC 321
LR 321
L' 321A
LVZ 321
PDP 3089
PDR 374
PI 3144
PI 3145
P1 533

PV 523IR 112
XA 1002
XD 1001A
XD 10015
XD 1003
XD 1004A
XD 1004B
YD 1004C
XD 1005A
XD 10058
XD 1006
XD 1007
XD 1026
XD 1043
XE 1001
XE 1007
XE 1009A
XE 1009T3
XE 1011
XE 1014A

FLOW SHEET MEASUREMENT NAME / COMMENTS
IGT

5.00-1-J
1.00-1-3
3.00-1-J
3.00-1-J
3.00-1-J
3.00-1-J
3.00-2-J
3. Q02-J
3.00-2-J
3.00-2-J
3.0 0-2-J
3.00-2-J
3.0 0-2-J
3.00-2-J
5. 0,1-1-J
5. 00-1-J

1.00"-1-J
3.00-2-J
61-D
7. 0'-1-
50- 3 5 -E
4.00--2-J
4.00-3-J
6.00-2-J
2.00-2-3
5.0--1-J
1.00-1-J
2.00-1-J
3.00-2-J
3.00- 2-J
3.00-2-J
50- 35-E

61-D
4.00-1-J
4.00-2-J
3.00-1-3

1ST STAGE QUENCH GAS SQ RT CNVTR
COAL WEIGHT INTIGRATOR HAND SWITCH
FEED SLURRY PUMP MOTOR BOARD MOUNTED HAND SWITCH
FEED SLURRY PUMP MOTOR LOCAL HAND SWITCH
FEED SLURRY PUMP MOTOR CURRENT XFRMR
FEED SLURRY PUMP MOTOR CURRENT IND
HYGAS REACTOR LEVEL IND CONT
HYGAS REACTOR LEVEL RECORDER
HYGAS REACTOR LEVEL TRANSMITTER A
HYGAS REACTOR CHAR LINE LEVEL VALVE DRIVE
HYGAS REACTOR D/P RECORDER
HYGAS REACTOR D/P RECORDER
HYGAS REACTOR PRESSURE IND
HYGAS REACTOR PRESSURE INDICATOR
1ST STAGE QUENCH GAS ANZR INLT PRESSURE INI)
1ST STAGE QUENCH GAS D/P CONT VLV
COAL WEIGHT RECORDER
2
1
1
3
4U
4
4
5
5
6
7

UNL 1ST ED
UNLI STED
UNLISTED
UNLI STED
UNLISTED
UNLISTED
UNL IST ED
UNLI STED
UNLISTED
UNLISfED
UNLISTED

ANALYSIS DEVICES
DIFF PRESSURE DEVICE
DIFF PRESSURE DEVICE
DIFFL PRESSURE DEVICES
DIFF PRESSURE DEVICES
DIFF PRESSURE DEVICES
DENSITY DEVICES
DIFF PRESSURE DEVICES
DIFF PRESSURE DEVICES
DIFF PRESSURE DEVICES
DIFF PRESSURE DEVICES

26 UNLISTED DIFFL PRESSURE DEVICES
43 UNLISTED DIFFL PRESSURE DEVICES
1 UNLISTED ELECTRICAL DEVICES
7 UNLISTED ELEC DEVICES
9 UNLISTED ELECTRICAL DEVICES
9 UNLISTED ELEC DEVICES
11 UNLISTED ELEC DEVICES
14 UNLISTED ELECTRICAL DEVICES

V



FRD C04L CONVERSION INSTRUMENTATION REVIEW FOf THE HYGAS PROCESS
I14STRI E11S

FLOW SHEET
IGT

XE
XE
XE
XE
XE
XE
XE
XE
XF
XF
XF
XF
XF
XF
XF
XE
XF
XF
xF

XF

XF

XF
XH

XH
XI
XI
XI
XI
XI
XI
XI
XI
XI
XI
XI

WIIICS ARF ACCEPTABLE IN SCALED UP PLANTS (CONXINUED)

MEASUREMENT NAME / COMMENTS

14 UNLISTED ELEC DEVICES
15 UNLISTED ELECTRICAL DEVICES
20 UNLISTED ELEC DEVICES
20 UNLISTED ELEC DEVICES
25 UNLISTED ELEC DEVICES
36 UNLISTED ELECTRICAL DEVICES46 UNLISTED ELECTRICAL DEVICES
63 UNLISTED ELEC DEVICES
1 UNLISTED FLOW DEVICE
6 UNLISTED FLOW DEVICES
9 UNLISTED FLOW DEVICES

10148
1015
1020A
1020B
1025
1036
1046
1063
1001
1006
1009
1013
1019A
1019B
1020
1022
1023
1024
1027
1043
1051
1065
1067
1009
1012
1022
1002
1003A
1003B
1003C
1005A
1005B
1006
1006A
1006B
1007

4.00-3-J
2.00-'i-J
3.00-3-J.
6.00-2-J
6.00-1-J
2.00-2-J
1.00-1-3
7.00-1-3
6.00-2-J
6.00-1-J

4..)0-2-J
1.00-1-J
2.00-2-J
4. G0-1-J
61-D
5.00-1-J
7.00-1-J
4.00-3-3
3.00-3-J
50-35-E
2.00-1-J
3.0 0-2-J
3.03-2-J
3.00-2-J
3.00-2-J
3,00-1-J
6.00-2-J
3.00-1-J
4.00-2-J
4. 00-3-J
1. 00-1- J
3. 00-3-J
50-35-E
2.00-2-J
5.00-1-J
4.00-1-J

DEVICES
DEVICES
DEVICES
DEVICES
DEVICES
DEVICES
DEVICES
DEVICE S
DEVICES
DEVICES
DEVICES
DEVICES

9 UNLISTED HAND DEVICES
12 UNLISTED HAND DEVICES
22 UNLISTED HAND DEVICES
2 UNLISTED ALARM DEVICES
3 UNLISTED ALAPM DEVICES
3 UNLISTED ALARM DEVICES
3 UNLISTED ALARM DEVICES
5 UNLISTED ALARM DEVICES
5 UNLISTED ALARM DEVICES
6 UNLISTED ALARM DEVICES
6 LISTED ALAFM DEVICES
6 UNLISTED ALARM DEVICES
7 UNLISTED ALAPM DEVICES

DEVICE
I.D. N1o.

13 UNLISTED
19 UNLISTED
19 UNLISTED
20 UNLISTED
22 UNLISTED
23 UNLISTE'
24 UNLISTED
27 UNLISTED
43 UNLISTED
51 UNLISTED
65 UNLISTED
67 UNLISTED

FLOW
FLOW
FLOW
FLOW
FLOW
FLOW
FLOW
FLOW
FLOW
FLOW
FLOW
FLOW

'



ERDA COAL CONVERSION INSTRUMENTATION REVIE FOR THE HYGAS PROCESS
INSTRUMENTS

FLOW SHEET
IGT

XI
XI
XI
XI
xI
XL
XL
XL
XL
XL
XL
XL
XL
XL
XL
XL
XL
XL
XL
XL
XP
XP
XP
XP
XP
XP
XP
XP
XP
XP
XP
XP
XP
XP
XP
XP

WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONIlJEL)

MEASUREMENT NAME / COMMENIS

1008A
10083
1009
1010
1012
1003
1007A
100793
1008A
1008B
1009A
1009B
1013
1014
1018
1019
1022
1024
1024A
1025
1003
1009
1011
1013
1O1IA
1014B
1014C
1018
1020
1024
1028
1030
1036
1039
1041
1045

DEVICE
I.D. NO.

61-D
2.00-1-1
3.00-2-J
7. 00-1-J
3.00-2-J
7.00-1-J
1. 00-1-J
5.03.1-J
3.00-1-J
6.00-2-J
2.00-1-J
3.00-2-J
4.00-3-J
6.00-1-J
2.00-2-J
3.00-2-J
4.00-2-J
50- 35-E
61-D
3.00-3-3
1.00-1-J
2.C0-2-J
1.00-3-J

3.00-1-J
61-D
4.00-2-J
6.00-2-J
4.OC-1-J
4.00-3-J
50- 35-E
6.30-1-J
5.00-1-J
2.00-1-J
3.00-2-J
3.00-2-J
7.00-1-J

8 UNLISTED ,LARM DEVICES
8 UNLISTED A-APM DEVICES
9 UNLISTED ALARM DEVICES
10 UNLISTED ALAR! DEVICES
12 UNLISTED ALARM DEVICES
3 UNLISTED LEVEL DEVICES
7 UNLISTED LEVEL DEVICES
7 UNLISTED FLOW DEVICES
8 UNLISTED LEVEL DEVICES
8 U!-LISTED LEVEL DEVICES
9 UNLISTED LEVEL DEVICES
9 UNLISTED LEVEL DEVICES
13 UNLISTED LEVEL ')EVICES
14 UNLISTED LEVEL DEVICES
18 UNLISTED LEVEL DEVICES
1q UNLISTED LEVEL DEVICES
22 UNLISTED LEVEL DEVICES
24 UNLISTED LEVEL DEVICES
24 U1 LISTED LEVEL DEVICES
25 UNLISTED LEVEL DEVICES
3 UNLISTED PRESSURE DEVICES
9 UNLISTED PRESSURE DEVICES
11 UNLISTED PRESSURE DEVICES
13 UNLISTED PRESSURE DEVICES
14 UNLISTED PRESSURE DEVICES
14 UNLISTED PRESSURE DEVICES
14 UNLISTED PRESSURE DEVICES
18 UNLISTED PRESSURE DEVICES
20 UNLISTED PRESSURE DEVICES
24 UNLISTED PRESSURE DEVICES
28 UNLISTED PRESSURE DEVICES
30 UNLISTED PRESSURE DEVICES
36 UNLISTED PRESSURE DEVICES
39 UNLISTED PRESSURE DEVICES
41 UNLISTED PRESSURE DEVICES
45 UNLISTED PRESSURE DEVICES

V



ERDA COAL CONVERSION INSTRUMENTATION REVIEW FOR THE HYGAS PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS CONTINUEDD)

DEVICE
I.D. NO.

MEASUREMENT NAME / COMMENTSFLOW SHEET
ICT

6.00-1-J
1. 00-1-J
6.00-2-J
3.00-1-J
2.00-2-J
3. 00-3-J
61-D
4.O0-3-J
4.00-1-J
4.00-2-J
50- 35-E
2.00-1-J
3.00-2-J
5.00-1-J
7.00- 1-J
3.00-2 -J
3.00-2-J

6 UNLISTED TEMPERATURE DEVICES
10 UNLISTED
11 UNLISTED
12 UNLISTED
13 UNIISTED
14 UNLISTED
15 UNLISTED
15 UNLISTED
18 UNLISTED
24 UNLISTED
26 UNLISTED
37 UNLISTED
37 UNLISTED
43 UNLISTED
44 UNLISTED
54 UNLISTED

TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
"E MPERATU RE
P EMPERATURE

1 UNLISTED POSITION DEVICE

XT
XT
XT
XT
XT
XT
XT
XT
XT
XT
XT
XT
XT
XT
XT
XT
xz

1006
1010
1011
1012
1013
1014
1015A
10153
1018
1024
1026
1037A
1037B
1043
1044
1054
1001

DEVICES
DEVICES
DEVICES
DEVICES
DEVICE S
DEVICES
DEVICE S
DEV ICES
DEVICE S
DEVICES
DEVICES
DEVICES
DEVICES
DEVICES
DEVICES

00



ERDA COAL CONVERSION INSTRUMENTATION REVIEW FOR THE SFC PROCESS
INSTRUMENTS WHICH AFE ACCEPTABLE IN SCALED UP PLANTS

DEVICE
I.D. NO.

A 105
A 161
P 162
A 166A
A 166B
A 169
A 172
A 175
A 2263
A 2264
A 2287
A 30
A 34
A 37
A 42
A 709
A F 5
A 88
AN 175
AN 703
AN 7041
AN 706
AN 707
AN 755
AN 774
AN 775
AN 807
AN 808
CD 105
CD 158
CD 161
CD 162
CD 167
CD 170A
CD 170B
CD 174

MEASUREMENT NAME / COMMENTSFLOW SHEFT
SEC

P3-'4
P3-10
P3-10
P3- 5
P3-5
P3-s5
P3-5
P3-5
P3-6
P3- 6
P3-4
P3-6
P3-7
P3-7
P3-7
P3-5
P3- 4
P3- 4
P3-5
P3- 5
P3-5
P3-5
P3-5
P3- 5
P3-6
P3-6
P3-6
P3-6
P3-L4
P3-5
P3- 10
P3-10
P3-5
P3-5
P3-5
P3-5

SLURRY PREHEATER OUTLET TEMP ALARM
FLTR A CAKE HOPPER HI LVL TRIP UNIT
FLTR B CAFE HOPPER HI LVL TRIP UNIT
HP FLASH DRUM SLURRY HI LVL TRIP UNIT A
HP FLASH DRUM SLUR3V HI LVL TRIP UNIT B
RECYCLE CONDO SEPARATOR HYDROCARBON VAPOR OUTL Hi PRESS T/U
RECYCLE CONDENSATE SEPARATOR HI/LO LEVEL TRIP UNIT
INT P FLASH DRUM HI LEVEL TRIP UNIT
FLASH COND SEPARATOR 1 HI LVL TRIP UNIT
FLASH COND SEPARATOR 2 HI LVL TRIP UNIT
SLURRY PREHEATER INLET TEMPERATURE ALARM
FILTER FEED FLASH VSL HI/LO LVL TRIP UNIT
PRECOAT SLURRY PRESS VSL HI LVL TRIP UNIT
PRECOAT ROTARY DRUM FLTR A SLURRY HI LVL TRIP UNIT
PRECOAT ROTARY DRUNK FLTR B HI LVL TRIP UNIT
HP FLASH DRUM VAPOR HI TEMP TRIP UNIT
SLURY PREHEATER HIrROGE/SYNTHESIS GAS INLET FLOW ALARM
SLURRY PREHEATER INLET PRESSURE ALARM
INT P FLASH DRUM SLURRY HI LEVEL ANNUNC
HP FLASH DRUM SLURRY HI LVL ANNUNC
HP FLASH DRUM SLURRY HI LVL ANNUNC
RECYCLE CONDENSATE SEPARATOR HI/LO LEVEL ANNUNC
RECYCLE COND SEPARATOR HYDROCARBON VAPOR OUTL HI PRESS ANNUN
HP FLASH DRUM VAPOR HI TEMP ANNUNC
FILTER FEED FLASH VSL HI LVL ANNUNC
FILTER FEED FLASH VSL LO LVL ANNUNC
FLASH COND SEPARATOR 1 HI LVL ANNUNC
FLASH COND SEPARATOR 2 HI LVL ANNUNC
SLURRY PREHEATER OUTLET TEMP SIGNAL CNVTR
RECYCLE COND SEPARATOR LIQ HYDROCARBONS OUTL FLOW SIGNAL CON
FLTR A CAKE HOPPER LVL SIGNAL CONV
FLTR B CAKE HOPPER LVL SIGNAL CONV
HP FLASH DRUM SLURRY TEMP SIGNAL CONVERTER
RECYCLE COND SEPARATOR HYDROCARBON VAPOR OUTL FLOW SQ RT EXT
RECYCLE COND SEPARATOR HYDROCARBON VAPOR OUTL FLOW COMP DEV
INT P FLASH DRUM VAPOR OUTL FLOW SIGNAL CONVERTER

y
'.0



ERDA COAL CONVENTION INSTRUMENTATION REVIEW FOR THE SRC PROCESS
INSTRUMENTS WHICH APE ACCEPTABLE IN SCALED UP PLANTS CONTINUEDD)

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENTS
I.D. NO. SRC

CD 2117 P3-6 FLASH COND SEPARATORS HYDROCARBON VAPOR OUTL FLOW SQ RT EXTR
CD 2239 P3-7 PRECOAT ROTARY DRUM FLTR A SPEED SIGNAL CONV
CD 2241 P3-7 PRECOAT ROTARY DRUM FLTR B SPEED SIGNAL CONV
CD 2287 P3-4 SLUPRY PREHEATER INLET TEMPERATURE SIGNAL CONVERTER
CD 298 P3-7 PRECOAT ROTARY DRUM FLTR A HYDROCARBON VAPOR INA.T PRESS S/CV
CD 299 P3-7 PRECOAT ROTARY DRUM FLTR B HYDROCARBON VAPOR INLI PRESS S/CV
CD 32 P3-6 FILTER FEED FLASH VSL TEMP SIGNAL CONVERTER
CD 33 P3-7 PRECOAT SLURRY PRESS VSL TEMP SIGNAL CONV
CD 36 P3-7 FILTER SOLVENT SPLY EXGR A INLT FLOW SQ T kXRACTOR
CD 40 P3-7 FILTER SOLVENT SPLY EXGR A OUTL TEMP SIGNAL CONY
CD 41 P3-7 FILTER SOLVENT SPLY EXGR B INLT FLOW SQ I x.hiRACTOR
CD 45 P3-7 FILTER SOLVENT SPLY EXGR B OUTL TEMP SIGNAL CONY
CD 709 P3-5 HP FLASH DRUM VAPOR TEMP SIGNAL CONVERTER
CD 85A P3-4 SLURRY PREHEATER HYDROGEN/SYNTHESIS GAS INL FLOW CONVERTER w
CD 85B P3-4 SLURRY PREHEATER HYDROGEN/SYNTHESIS GAS INL FLOW CONVERTER
DPS 2295 P3-10 DRYER EXHAUST BLOWER SUCT/DSCH DIFFL PPESS S
DPT 2295 P3-10 DRYER EXHAUST BLOWER SUCT/DSCH DIFFL PRESS XMTR
E/P 164 P3-10 DRYER CONDENSATE DRUM LYL CONT VLV SIGNAL CNV
E/P 166 P3-5 HP FLASH DRUM SLURRY LEVEL CONT VLV SIGNAL CONVERTER
E/P 167 P3-5 DISSOLVER PRODUCT AIR COOLED EXGR AIR FLOW CONT vAMPEP E/P
E/P 169 P3-5 RECYCLE COND SEPARATOR HYDROCARBON VAPOR OUTL PCV SIGNAL CON
E/P 172 P3-5 RECYCLE CONDENSATE SEPARATOR LVL CONT VLV SIGNAL CONVERTER
E/P 173 P3-5 INT P FLASH DRUM VAPOR OUTL PRESS CONT VLV SiGNAL CONVERTER
E/P 175 P3-5 INT P FLASH DRUM SLURRY LEVEL CONT VLV SIGNAL CONVERTER
E/P 181 P3-6 FILTER FEED SURGE VSL LVL CONT VLV SIGNAL CONV rtTER
E/P 182A P3--6 FILTER FEED SURGE VSL HYDROCARBON VAPOR OUTL PCV SIGNAL CONY
E/P 182B P3-6 FILTER FEED SURGE VSL INERT GAS INLT PCV SIGNAL CONVERTER

E/P 187 P3-6 FILTER FEED FLASH RCIRC EXGR LIQ HYDROCARBONS INLT FCV S/CV
E/P 2195 P3-6 FLASH COND SEPARATORS HYDROCARBON VAPOR OUTL PCV SIGNAL CONV
E/P 2263 P3-6 FLASH COND SEPARATOR 1 LVL CONT VLV SIGNAL CONViRTER
E/P 2264 P3-6 FLASH COND SEPARATOR 2 LVL CONT VLV SIGNAL CONVkRTER
E/P 2268 P3-6 RECYCLE PROCESS WTR TNK LVL CONT VLV SIGNAL CNVERTER
E/P 2310 P3-10 DRYER CONDENSATE COOLER OUTL TEMP CONT VLV SI3NAL CONV
E/P 28 P3-6 FILTER FEED FLASH VSL HYDROCARBON VAPOR OUTL PCV SIGNAL CONY
E/P 30 P3-6 FILTER FEED FLASH VSL LVL CONT VLV SIGNAL CONVEd rR
E/P 32 P3-6 FILTER FEED FLASH VSL TEMP CONT VLV SIGNAL CONVERTER



ERDA COAL CONVEISTON INSTRUMENTATION REVIEW F)P THE SRC PROCESS
INSTRUMENTS t'1HICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENTS
I.D. NO. SRC

E/P 33 P3-7 PRECOAT SLURRY PRESS VSL TEMP CONT VLV SIGNAL CONV
E/P 34 P3-7 PRECOAT SLURRY PRESS VSL LYL ONT VLV SIGNAL CONV
E/P 36 P3-7 FILTER SOLVENT SPLY EXGR A INLT FLOW CONT VLV SiGNA& CONV
E/P 37 P3-7 PRECOAT ROTARY DRUM FLTR A SLURRY LVL CONT VLV SIGNAL CONy
E/P 39 P3-7 PRECOAT ROTARY DRUM FLTR A SLURRY INLT FLOW CNT VLV S/CV
E/P 40 P3-7 FILTER SOLVENT SPLY EXGR A OUTL TEMP CONE VA.V SIGNAL CONY
E/P 41 P3-7 FILTER SOLVENT SPLY EXGP B INLT FLOW CONT VLV SIGNAL CONV
E/P 42 P3-7 PRECOAT ROTARY DFUJM FLTR P SLURR LYL CONI VV SIGNAL CONY
E/P 44 P3-7 PRECOAT ROTARY DRUM FLTR B SLURRY INLT FLOW CONI VLV S/CV
E/P 45 P3-7 FILTER SOLVENT SPLY EXGR R UTL TEMP CONE VLV SIGNAL CONY
E/P 85 P3-4 SLURRY PREHEATER HYDROGEN/SY"THESIS E/P CONVERTER
FC 187 P3-6 FILTER FEED FLASH RCIRC EXGR LIQ HYDROCARBONS INLI FLOW CONT
FC 36 P3-7 FILTER SOLVENT SPLY EXGR A INLT FLOW CONE
FC 38 P3-7 PRECOAT ROTARY DRUM FILTER A INERT GAS SPLY FLOW CONT
FC 39 P3-7 PRECOAT ROTARY DRUM FLTR A SLURRY TNLT FLOd C3NT
PC 41 P3-7 FILTER SOLVENT SPLY EXGR B INLT FLOW CONT
FC 43 P3-7 PRECOAT ROTARY DRUM FLTP B INERT GAS SPLY FLOW CONT
FC 44 P3-7 PPECOAT ROTARY DRUM FLTR B SLURRY TNLT FLOd CNT
FC 85 P3-4 SLURRY PREHEATER HYDROGEN/SYNTHESIS GAS INLET FC
FI 166A P3-5 H'' FIA H DRUM SLURRY HYDFOGEN/SYNTHESIS GAS PJRGE FLOW IND
FI 166B P3-5 H? FLASH DRUM VAPOR HYDROGEN/SYNTHESIS GAS PURGE FLOW IND
FI 166C P3-5 HP FLASH DRUM VAPOR HYDROGEN/SYNTHESIS GAS PURGE FLOW IND
FI 166D P3-5 HP FLASH DRUM SLURRY HYDROGEN/SYNTHESIS GAS PURGE FLOW IND
FI 175A P3-5 I FT P FLASH DRUM VAPOR HYDROGEN/SYNTHESIS GAS PURGE FLOW IND
FI 175B P3-S INT P FLASH DRUM SLURRY HYDROGEN/SYNTHESIS GAS PURGE FLO IND
FI 34A P3-7 PPECOIT SLUFRY LVL XMTP LT-34 HP LG INERT GAS PRG FLOW IND
Fl 341 P3-7 PRFCOAT SLURRY LVL XMTR LT-34 LP LEG INERT GAS PhG FLOW IND
FI 37A P3-7 SLURRY LVL XMTR LT-37 HI PRESS LEG INERT GAS PURGE FLOW IND
FI 37B P3-7 SLURRY LVL XMTR LT-37 LO PRESS LEG INERT GAS PURGE FLOW IND
FI 416 P3-7 PRECOAT ATMOS MIX TNK SLURRY INLT FLOW IND
FI 417 P3-7 PRECOAT SLURRY DSCH PMP DSCH FLOW IND
FI 42A P3-7 SLURRY LVL XMTR LT-42 HI PRESS LEG INERT GAS PURGE FLOW IND
FI 42B P3-7 PRECOAT ROTARY DRUM FLTR B ASH OUTL LIQ HYDROCARBONS SPLY FI
FI L128 P3-7 PPFCOAT ROTARY DRUM FLTR A ASH OUT, LIQ HYDROCAhSONS SPLY FI
FI 454 P3-10 MINERAL RESIDUE COOLER CLG WTR SPLY FLOW IND
FI 457 P3-10 DRYER CONDENSATE DRUM PURGE FLOW IND



ERDA ZOAL CONVEt SION I! STRUMFNTATION REVIEW FOR THE SRC PROCESS
INSTRUMENTS WHICH AE E ACCEPTABLE IN SCALED UP PLANTS (CONrIUUED)

MEASUREMENT NAME / COMMENTSFLOW SHEET
SvC

DRYER CONDENSATE DRUM PURGE FLOW IND
DRYFR CONDENSATE DRUM PURGE FLOW IND
DRYEF CONDENSATE DRUM PURGE FLOW IND
RECYCLE COND SEPARATOR HYDROCARBON VAPOR OUrL FLOd INTEGRATR
FLASH COND SEPARATORS HYDROCARBON VAPOR OUTL FLOW INTEGRATOR
FILTER SOLVENT SPLY EXGR A INLT FLOW INTEGRATOR
FILTER SOLVENT SPLY EXGR B INLT FLOW INTEGRATOR
SLURRY PREHEATER HYDROGEN/SYNTHESIS GAS INL FLOW INTEGRATOR
INT P FLASH DRUM SLURRY OUTL FLOW XMTR
RECYCLE CONDENSATE SEPARATOR LIQ HYDROCARBONS OUT. FLOW XMTR
RECYCLE COND SEPARATOR HYDROCARBON VAPOR OUTL FLOW XMTR
INT P FLASH DRUM VAPOR OUTL FLOW XMTR
FILTER FEED FLASH RCIRC EXGR LIQ HYDROCARBONS INLT FLOW XMTR
FLASH COND SEPARATORS HYDROCARBON VAPOR OUIL FLOW XNTR
DRYER EXHAUST BLOWER DSCH FLOW XMTR
FLASH COND SEPARATOR 1 LIQ HYDROCARBONS OUTL FLOW XMTR
FLASH CON D SEPARATOR 2 PROCESS WST OUTL FLOW XMTR
WATER BOOSTER PMP DISCH FLOW XMTR

SLURRY PREHEATER HYDROGEN/SYNTHESIS GAS INLET FT

FI
FT
FI
FQ
FQ
70

FQ
FQ
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
HIC
HIC
HIC
HIC
LC
LC
LC
LC
LC

470A
470B
743
170
2117
36
41
85
157
159
170
174
187
2117
2121
2199
2275
2316
35
36
38
39
41

43

44
47

49
166
2115
2236
2319

161
162
166
172
175

P3-10
P3-10
P3-10
P3-5
P3-6
P3-7
P3-7
P3-4
P3-5
P3-5
P3-5
P3-5
P3-6
P3-6
P3-10
P3-6
P3-6
P3-6
P3-4
P3-7
P3-7
P3-7
P3-7
P3-7
P3-7
P3-7
P3-7
P3-5
P3-7
P3-7
P3-7
P3-10
P3- 10
P3-5
P3-5
P3-5

DEVICE
I.D. NO.

FILTER SOLVENT SPLY EXGP A
?RECOAT ROTARY DRUM FILTER

PRECOAT ROTARY DRUM FLTR A
FILTER SOLVENT SPLY EXGR B
PRECOAT ROTARY DRUM FLTR B
PRECOAT ROTARY DRUM FLTR B
PRECOAT ROTARY DRUM FLTR A
PRECOAT ROTARY DRUM FLTR B
HP FLASH DRUM LVL XMTR A/B
PRFCOAT ATMOS MIX TNK DSCH

INLT FLOIT XMTR
A INEPT GAS SPLY FLOW XMTR
SLURRY INLT FLOW XMTR
INLT FLOW XMTR
INERT GAS SPLY FLOW XMTR
SLURRY INLT FLOW XMIR
SLURRY OUTL FLOW XMTR
SLURRY OUTL FLOW XITR
OUTPUT SEL SW
PMP VAR SPEED DRIVE HAND IND CONT

PRECOAT SLURRY DSCH PMP VARIABLE SPEED DRIVE HAND IND CONT
PRECOAT SOLVENT CLR PRESS CONT DMPR HAND IND CONI
FLTR A CAKE HOPPER LVL CONT
FLTR B CAKE HOPPER LVL CONT
HP FLASH DRUM SLURRY LEVEL COUNT
RECYCLE CONDENSATE SEPARATOR LEVEL CONT
INT P FLASH DRUM SLURRY LEVEL COUNT

OD
N



ERDA COAL CONV'SION :NSTUMENTATION REVIEW FOR THE SRC PROCESS
INSTRUMENTS WHICH A. F ACCEPTABLE IN SCALED UiP PLANTS (CONIINUED)

DEVICE
I.D. NO.

LC 181
LC 2170
LC 2203
LC 2204
LC 2263
LC 2264
LC 2265
LC 30
LC 34
LC 37
I.C 42
LE 161
LE 162
LE 2301A
LE 2301B
LG 401
LG 418
LG 419
LG 430
.rG 447

LG 448
LI 166A
LI 166B
LIC 164
LIC 2268
LS 2322A
LS 2322B
LS 734
LS 738
LS 739
LT 161
LT 162
LT 164
LT 166A
LT 166B
LT 172

MEASUREMENT NAME / COMMENTSFLOW SHE1 !'
SRC

P3-6
P3-7
P3-7
P3- 7
P3-6
P3-6
P3-6
P3-6
D3-7

P3-7
P3-7
P3-10
P3-10
P3- 10
P3-10
P3-5
P3-7

T)3-7

P3-10
P3-6
P3- 6
P3-5
P3-5
P3-10
P3- 6
P3-10
P3- 10
P3-10
P3-7
P3-7
P3- 10
P3-10
P3-10
P3-5
P3- 5
P3-5

FILTER FEED SURGE VSL LVL CONT
PRECOAT ATMOS MIX TuK SLURRY LVL CONT
FILTER A VAPOR SURGE DRUM LIQ HYDROCARBONS LVL CONI
FILTER B VAPOR SURGE DRUM LIQ HYDROCARBONS LVL CONT
FLASH COND SEPARATOR 1 LEVEL CONT
FLASH COND SEPARATOR 2 LVL CONT
FLASH COND SEPARATOR 2 LVL CONT
FILTER FEED FLASH VSL LVL CONT
PRECOAT SLURRY PRESS VSL LVL CONT
PRECOAT ROTARY DRUM FLTR A SLURRY LVL CONT
PRECOAT ROTARY DRUM FLTR B SL[RRY LVL CONT
FLTR A CAKE HOPPER LVL SENSOR
FLTP B CAKE HOPPER LVL SENSOR
MINERAL RESIDUE COOLER CLG WTR LO LVL SENSOR
MINERAL RESIDUE COOLER CLG WTR HI LVL SENSOR
RECYCLE CONDENSATE SEPARATOR LEVEL GLASS
FILTER A VAPOR SURGE DRUM LIQ HYDROCARBONS LVL GLASS
FILTER B VAPOR SURGF DRUM LIQ HYDROCARBONS LVL GLASS
DRYER CONDENSATE DRUM LVL GLASS
FLASH COND SEPARATOR 1 LVL GLASS
FLASH COND SEPARATOR 2 LEVEL GLASS
HP FLASH DRUM LEVEL IND A
HP FLASH DRUM LEVEL IND B
DRYER CONDENSATE DRUM LVL INS) CONT
RECYCLE PROCESS WTR TNK LVL IND CONT
MINERAL RESIDUE BIN HI LVL SW
MINERAL RESIDUE BIN LO LVL SW
DRYER CONDENSATE DRUM HI LVL SW
PRECOAT ROTARY DRUM FLUR B SLURRY LVL SW
PRECOAT ROTARY DRUM FLTR A SLURRY LVL SW
FLTR A CAKE HOPPER LVL XMTR
FLTR B CAKE HOPPER LVL XMTR
DRYER CONDENSATE DRUM LVL XMTR
HP FLASH DRUM SLURRY LEVEL XMTR A
HP FLASH DRUM SLURRY LEVEL XMTR B
RECYCLE CONDENSATE SEPARATOR LEVEL XMTR

00



ERDA 'OAL CCNVE SION INSTRUMENTATION REVIEW FOR THE SRC PROCdSS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UJP PLANTS (CON4IIUED)

DEVICE
I.D. NO.

LT 175
LT 181
LT 2170
LT 2203
LT 2204
LT 2263
LT 2264
LT 2268
LT 30
LT 34
LT 37
LT 42
PC 169
PC 173
PC 182
PC 2195
PC 28
PC 35
PCD 2319
PI 430S
FT 433S
PIC 2313
PS 740
PS 7u2
PS 758
PS 779

PSV
PSV
PSV
PSV
PSV
PSV
PSV
PSV
PSV

316
414
417
419
420
421
422
456
465

MEASUREMENT NAME / COMMENTSFLOW SHEET
SRC

P3-5
P3-6
P3-7
P3-7
P3-7
P3-6
P3-6
P3-6
P3-6
P3-7
P3-7
P3-7
P3-5
P3-5
P3- 6
P3-6
P3-6
P3-7
P3-7
P3-7
P3-7
P3-6
P3-6
P3-10
P3- 10
P3-4

P3-7
P3-6
P3- 6
P3-7
P3-7
P3-7
P3-7
P3-5
P3-7

INT P FLASH DRUM SLURRY LEVEL XMTR
FILTER FEED SURGE VSL LVL XMTR
PRECOAT ATMOS MIX TNK SLURRY LVL XMTR
FILTER A VAPOR SURGE DRUM LIQ HYDROCARBONS LVL XNTR
FILTER B VAPOR SURGE DRUM LIQ HYDROCARBONS LVL XHTR

FLASH COND SEPARAT')R 1 LEVEL XMTR
FLASH COND SEPARATOR 2 LEVEL XMTR
RECYCLE PROCESS WTP TNK LEVEL XMTR
FILTER FEED FLASH VSL LVL X4TR
PRECOAT SLURRY PRESS VSL LVL XMTR
PRECOAT ROTARY DRUM FLT? A SLURRY LVL XMTR
PRECOAT ROTARY DRUM FLIT B SLURRY LVL XMTR
RECYCLE COND SEPARATOR HYDROCARBON VAPOR OUZL PRzSS CONT
INT P FLASH DRUM VAPOR OUTL PRESS CONT
FIL T ER FEED SURGE VSL HYDPOCARBON VAPOR OUT' PRSS CONT
FLASH COND SEPARATORS HYDROCARBON VAPOR OUTL PhESS CONT
FILTER FEED FLASH VSL HYDROCARBON VAPOR OUTL PRESS CONT
PRECOAT SLURRY PRESS VSL HYDROCARBON VAPOR OUTL PRESS CONT
PRECOAT SOLVENT CLR PRESS CONI DAMPER
PRECOAT FILTER A FILTRATE DSCH PRESS IND
PRECOAT FILTER B FILTRATE DSCH PRESS IND
RECYCLE PROCESS WTR TNK VENT PRESS IND CONT
FLASH COND SEPARATOR 2 HI-HI LVL SW
DRYER CONDENSATE DRUM PURGE PRESS SW
MINERAL RESIDUE COOLER CLG WTR SPLY PRESS Si
SLURRY PREHEATER PRESS SW

PART VENDOR FUEL CONT
PRECOAT SLURRY DSCH PMP DSCH PRESS SFTY VLV
FILTER FEED SURGE VSL HYDROCARBON VAPOR OUTL PRESS SFTY VLV
FILTER FEED FLASH VSL HYDROCARBON VAPOR OUTL PRESS SFTY VLV
PRECOAT SLURRY PRESS VSL HYDROCARBON VAPOR OUTL P SFTY VLV
PRECOAT ATMOS MIX TNK DSCH PMP DSCH PRESS SFIT UL.V
PRECOAT ROTARY DRUM FLTR A HYDROCARBON VAPOR INLT P SFTY VLV
PRECOAT ROTARY DRUM FLTR B HYDROCARBON VAPOR INLT P SFTY VLV
INT P FLASH DRUM VAPOR OUTL PRESS SFTY VLV
FILTER SOLVENT SPLY EXGR A DOWTHERM OUTL PRESS SFTY VLV

00



ERDA COAL CONVEY SION INSTRUMENTATION REVIEW FOR THE SRC PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED U P PLANTS CONTINUEDD)

DEVICE
I.D. NO.

PSV 466
PSV 474
PSV 515
PSV 546
PSv 547
PSV 548
PSV 552
PT 89

DT 89
PT 90
PT 91
PT 92
PT 93
PT 169
PT 173
PT 182
PT 2114
PT 2195
PT 2216
PT 28
PT 298A
PT 298B
PT 299A
PT 299B
R 303
R 304
R 308
P 309
R 310
R 311
R 313
R 314
R 315
R 317
R 319
R 323

MEASUREMENT NAME / COMMENTSFLOT SHEET
SRC

P3-7
P3-7
P3-7
P3- 6
P3-6
P3- 6
P3-10
P3- 4
P3-4
P3-4
P3-4
p3- 4
P3-4
P3-5

P3-5
P3-6
P3-4
P3-6
P3-10
P3- 6
P3-6
93-7
P3-7
P3-7
P3-6
P3- 4
P3-4
P3-4
P3-6
P3- 4
P3-4
P3- 5
P3-5
P3-6
P3-5
P3-5

FILTER SOLVENT SPLY EXGR B DOWTHERM OUTL PRESS SFTY VLV
PRECOAT SLURRY RCIRC EXGR DOWTHERM RETURN PRESS SFTY VLV
PRECOAT SLURRY RCIRC PMP DSCH PRESS SFTY VLV
WATER BOOSTER PUMP DISCH PRESS SFTY VLV
FLASH COND SEPARATOR 1 PRESS SFTY VLV
FLASH COND SEPARATOR 2 PRESS SFTY VLV
DRYER CONDENSATE DRUM PRESS SFTY VLV
SLUPRY PREHEATER INLET PT
SLURRY PREHEATER PT
SLURRY PREHEATER PT
SLURRY PREHEATER PT
SLURRY PREHEATER PT
SLURRY PREHEATER OUTLET PT
RECYCLE COND SEPARATOR HYDROCARBON VAPOR OUJL PRESS XMTR
INT P FLASH DRUM VAPOR OUTL PRESS XMTR
FILTER FEED SURGE VSL HYDROCARBON VAPOR OUTL PRESS XMTR
RECYCLE HYDROGEN SCRUBBER OUTL PT
FLASH COND SEPARATORS HYDROCARBON VAPOR OUTL PRLSS XMTR
DRYER EXHAUST BLOWER DSCH PRESS XMTR
FILTER FEED FLASH VSL HYDROCARBON VAPOR OUTL PRESS XMTR
PRECOAT ROTARY DRUM LTR A HYDROCARBON VAPOR INLT PRESS XMTR
PRECOAT ROTARY DRUM FLTR A COAL SOLN OUTL PRESS XMTR
PRECOAT ROTARY DRUM FLTR B HYDROCARBON VAPOR INLT PRESS XMTR

PRECOAT ROTARY DRUM FLTR B COAL SOLN OUTL PRESS XMTR
WATER BOOSTER PMP DISCH TEMP REC
SLURRY PREHEATER TEMPERATURE RECORDER
SLURRY PREHEATER PRESSURE RECORDER
SLURRY PREHEATER PRESSURE RECORDER (PURGE LINE
WATER BOOSTER PMP DISCH FLOW REC
SLURRY PREHEATER HYDROGEN/SYNTHESIS GAS INLET FLOW RCORDER
SLURRY PREHEATER OUTLET TEMPERATURE RECORDER
DISSOLVER A TEMP REC
DISSOLVER B TEMP REC
FILTER FEED FLASH VSL TEMP REC
HP FLASH DRUM SLURRY TEMP REC
RECYCLE COND SEPARATOR HYDROCARBON VAPOR OUIL FLOW REC

Us
ODl



ERDA COAL CONVERSION INSTRUMENTATION REVIEW FOR THE SRC PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONUMLdUD)

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENTS
I.D. NO. SRC

R 324 P3-5 RECYCLE COND SEPARATOR HYDROCARBON VAPOR OUTL PRESS REC
R 325 P3-5 INT P FLASH DRUM VAPOR OUTL FLOW REC
R 332 P3-7 FILTER SOLVEN" SPLY EXGR A/B OUTL TEMP RC
R 342 P3-6 FILTER FEED FLASH VSL LVL REC
R 343 P3-6 FILTER FEED FLASH VSL HYDROCARBON VAPOR OUTL PR&SS REC
R 346A P3-6 FILTER FEED SURGE VSL TEMP REC
R 346B P3-6 FLASH COND SEPARATOR 1 TEMP REC
R 346C P3-6 FLASH COND SEPARATOR 2 TEMP REC
R 346D P3-7 PRECOAT ROTARY DRUM FLR A/B TEMP REC
R 348 P3-7 PRECOAT ROTARY DRUM FLT A SLURRY INLT/OUTL FLOW REC
R 349 P3-7 PRECOAT ROTARY DRUM FLTR B INLT/OUTL FLOW REC
R 350 P3-7 FILTER SOLVENT SPLY EXGR A/B INLT FLOW REC
R 375 P3-5 RECYCLE CONDENSATE SEPARATOR LIQ HYDROCARBONS OUIL FLOW REC
R 376 P3-5 RECYCLE CONDENSATE SEPARATOR TEMP REC
R 377 P3-6 FLASH COND SEPARATORS HYDROCARBON VAPOR OUTL FLOW REC
R 386 P3-5 INT P FLASH DRUM SLURRY OUTL VISCOSITY REC
R 388 P3-7 PRECOAT ROTARY DRUM FLTRS HYDROCARBON VAPOR INLT PRESS REC
R 391 P3-7 PPECOAT SLURRY PRESS VSL LVL REC
R 399 23-7 PRECOAT SLURRY PRESS VSL TEMP REC
SI 2239 P3-7 PRECOAT ROTARY DRUM FLTR A SPEED IND
SI 2241 P3-7 PRECOAT ROTARY DRUM FLTR B SPEED IND
ST 2239 P3-7 PRECOAT ROTARY DRUM FLTR A SPEED XMTR
ST 2241 P3-7 PRECOAT ROTARY DRUM FLTR B SPEED XMTR
TC 105 P3-4 SLURRY PREHEATER OUTLET TC

TIES INTO VENDORS PKG
TC 167 P3-5 HP FLASH DRUM SLURRY TEMP CONT
T'C 32 P3-6 FILTER FEED FLASH VSL TEMP CONT
TC 33 P3-7 PRECOAT SLURRY PPESS VSL TEMP CONT
TC 40 P3-7 FILTER SOLVENT SPLY EXGR A OUTL TEMP CONT
TC 45 P3-7 FILTER SOLVENT SPLY EXGR B OtTL TEMP COlT
TE 105 P3-4 SLUPRY PREHEATER OUTLET TE
R 315 P3-5 DISSOLVER B TEMP REC
TE 138A P3-5 DISSOLVER A TEMP ELEM A-H
TE 167 P3-5 HP FLASH DRUM SLURRY TEMP ELEM
TE 171 P3-5 RECYCLE CONDENSATE SEPARATOR TEMP ELEM
TE 176 P3-5 INT P FLASH DRUM SLURRY TEMP ELEM



EPDA COAL CONVEtSION INSTRUMENTATION REVIEW FOR THE SRC PPOCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINUzD)

) VICE

I.D. NO.

TE 180
TE 2113
TE 2200
TE 2219
TE 2273
TE 2274
TE 2237
TE 2302
TE 2310
TE 2311
TE 2312
TE 32
TE 33
TE 40
TE 45
TE 46
TE 48
Ti 709
TE 94
TE 95
TE 96
TE 97
TIC 2310
VE 2233
VE 2234
VT 2231
V9 2233
VT 2234
WX 1001
XA 1003
XA 1008
XF 1002
XF 1007
XF 1009
XL 1005
Xl' 1010

MEASUREMENT NAME / COMMENTSFLOW SHEFT
SRC

P3-c
P3-4
P3-6
P3-7
P3- 6
P3-6
P3-4
P3-10
P3-10
P3- 6
P3-4
P3-6
P3-7
P3-7
P3-7
P3- 7
P3-7
P3- 5
p3-4
P3-4
P3-4
P3-4
P3- 10
P3-7
P3-7
P3-5
P3-7
P3 -7
P3-10
P3-7
P3-10
P3-4
P3-5
P3-6
P3- 10
P3-6

FILTER FEED SURGE VSL TEMP ELEM
RECYCLE HYDROGEN SCRUBBER OUTL TEMP ELEM
FILTER FEED FLASH RCIRC EXGR LIQ HYDROCARBONS INLI TEMP ELEM
FILTER SOLVENT SPLY EXGR B INLT TEMP ELEM
FLASH COND SEPARATOR 1 TEMP ELEM
FLASH COND SEPARATOR 2 TEMP ELEM
SLURRY PREHEATER INLET TE
MINERAL RESIDUE COOLER OUT!. TEMP ELEM
REGFNERATOR BED TEMPERATURE ELEMENT
WATER BOOSTER PMP DISCH TEMP ELEM
SLURRY PREHEATER STACK TE
FILTER FEED FLASH VSL TEMP ELEM
PRECOAT SLURRY PRESS VSL TEMP ELEM
FILTER SOLVENT SPLY EXGR A O'JTL TEMP ELEM
FIL TER SOLVENT SPLY EXGR B OUTL TEMP ELEM
PRECOAT ROTARY DRUM FLTR A TEMP ELEM
PRECOAT ROTARY DRUM FLTR B TEMP ELEM
HP FLASH DRUM VAPOR TEMP ELEM
SLURRY PREHEATER STACK TE
SLUPRY PREHEATER INLET TE
SLURRY PREHEATER TE
SLURRY PRE:EATER TE
DRYER CONDENSATE COOLER OUTL TEMP IND CONT
PRECOAT ROTARY DRUM FLTR A SLURRY INLT VISCOSITY ELEM
PRFCOAT ROTARY DPUM FLTR B SLURRY INLT VISCOSITY ELEM
INT P FLASH DRUM SLURRY OUTL VISCOSITY XMTR
P!PECCAT ROTARY DRUM FLTR A SLURRY INLT VISCOSITY I1TR
PRECOAT ROTARY DRUM FLTP B SLURRY INLT VISCOSITY MTR
MISC WEIGH SYSTEMS ILLEGIBLE REPRO- NO ENTRY
3 UNLISTED ANNUNCIATORS
8 MISC ANNUNCIATORS UNLISTED
2 MISC FLOW DEVICES UNLISTED
7 UNLISTED FLOW DEVICES
8 UNLISTED FLOW DEVICES
5 UNLISTED LEVEL DEVICES
13 UNLISTED PRESS DEVICES

00



ERDA COAL CONVERSION INSTRUMENTATION REVIEW FOR THE SRC PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONIINULD)

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENTS
I.D. NO. SRC

XP 1012 P3-13 12 9ISC UNLISTED PRESSURE DEVICES
XP 1015 P3-4 15 UNLISTED COMMON PRESS DEVICES
XP 1015A P3-7 15 MISC PRESS DEVICES UNLISTED
XT 1002 P3- U 2 MISC TEMP DEVICES UNLISTED
XT 1004 P3-10 4 UNLISTED TEMP IND
XT 1007 P3-6 12 UNLISTED TEMP DEVICES
XT 1009 P3-7 9 UNLISTED TEMP DEVICES
XV 1225 P3-10 25 MISC VENDOR FURNISHED DEVICES ON ROTARY KILN
XX 001 P3-3 AREA ?1 COAL RECEIVING & PREPARATION, DEVICES UNLISTED

APPROX 50 DEVICES UNLISTED--PRESS LYL SWS ETC
DRAWING POOR REPRO EST APPROX 40% VENDOR PKGS



ERDA COAL CONVERSION INSTRUMENTATION REVIEW FOP THE SYNTHANE PROCESS
INSTRUMENTS WHICH AFE ACCEPTABLE IN SCALED UP PLANTS

DEVICE
I.D. NO.

AAH 208
AR 208
AR 21'i
FA. 212
FCV 209
FDIC 209
FT 242
FIC 212
FR 209
FRC 210
LAHL 206
LIC 206
LLL 402
PAH 267
PAN 206
PB 228
PC 242
PDI 222
PDI 223
PDT 232
PDT 255
PI 224
PI 225
PI 227
PI 229
PI 267
PIC 206
PS 401

SC
SC
SC
SW
SW
SW
SW

205
208
209
209
254
255
267

FLOW SHEET
LCO

02005E-5
02005E-5
02005E-5
02005E-5
02005T3-4
020 05D-4
02005E-
02005E-5
02005D-4
02005D-4
02005E-5
02005E-5
04005A-4
02005A-4
02005E-5
02005A-4
02005E-5
02005n-4
020 05D- 4
02005E-5
02005A-4
02005D-4
02005D-4
02005n-4
02005D-4
02005A-4
02005E-5
00462A-1

02005 -5
02005E-5
02005E-5
02005D-4
02005A-4
02005A-4
02005A-4

MEASUREMENT NAME / COMMENTS

ACID GAS ABSORBER HIGH C02 ALARM
ACID GAS ABSORBER RAW GAS ANALYSIS FCORDER
ACID GAS ABSORBER PAW GAS ANALYSIS ECORDER
MAJOR P.P.C. CIRC LOW FLOW ALARM
ABSORPFP FEED INLET' FLOW CONTROL VAL"E
ABSORBER FEED DIFFL FLOW INDICA TT!G CONTROLLka
ACID GAS ABSORBER RAW GAS FLOW INDICATOR
MAJOR H.P.C. CIRC FLOW IND CONT
ABSORBER FEED INLET FLOW RECORDER
ABSORBFP FFED INLET FLOW RECORDER CONTROLLER
ACID GAS ABSORBER HIGH LEVEL ALARM
ACID GAS ASORBER LEVEL INDICATING CONTROLLER
CHAP LOCK HOPPER LOW LEVEL LIGHT
PRETREATER HIGH PRESSURE ALARM
ACID GAS ABSORBER RAW GAS PRESS ALARM
GASIFIER CHAP COOLE? EFPLUENI STEAM CONTROL PUSHBUTTON RESET
THERMAL OXIDIZER STACK INLET PRESS CONTROLLER
STEAM FILTER DIFFL PRESS IND
STEAM FILTER DIFFI PRESS INDICATOR
H.P.C FILTER DIFFL PRESS IND
PRETEATER DIFFL PRESS IND
STEAM PILTER PRESS INDICATOR
STEAM FILTER PRESS INDICATOR
ABSORBER FEED INLET IRESS IND
SHIFT CONVEPTE2 DSCH PRESS INDICATOR
ALTERNATE PRETREATER iPESS IND
ACID GAS ABSORBER RA q GAS PRESS IND CON'
CHAR LOCK HOPPER PRESS SWITCH

CHECK PROCESS
ACID GAS ABSORBER SAMPLE COOLER
ABSORBENT REGNTR CORBfNATE LIQUID SAMPLE COOLER
ABSORBENT REGENERATOR SAMPLE COOLER
ABSORBER FEED IWLET SELTCOP SWITTCt!
PRETREATER SELECTOR SWITCH
PRETREATER SELECTOR SWITCH
PRETHEATER SELECTOR SWITCH

bd

00
%D



ERDA COAL CONVERSION INSTRUMENTATION REVIEW FOR THE SYNTHANE PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED 'UP PLANTS (CONTINUED)

DEVICE
I.D. NO.

TAH 215
TE 203 A
TI 2CA
TI 201A
TI 200D4
TR 255
VPL 404EB
XF 10311
XF 106U
XL 103U
XL 106U
xP 103U
XP 106U
XS 103U
XT 1)3U
XT 106U
XX 107;1
XX 112U

FLOW SHEET MEASUREMENT NAME / COMMENTS
TLC 0

02005D-4
02005A-4
02005A-4
02005D-4
020050-4
02005A-4
04305A-4
02005A-4
02005D-4
02005A-4
02005D-4
02005A-u
02005D-4

020 05A-L4
02005D-4
02005E-5
04005A-4

SHIFT CONVERTER HIGH TEMPERATURE ALARM
PRETRFATER TEMPERATURE ELEMENT
PRETREATER TEMPERATURE INDICATOR
SHIFT CONVERTER ATMOSPHERIC VENT TEMPERATURE INDICATOR
SHIFT CONVERTER TEMPERATURE INDICATOR
PRETREATEP TEMPERATURE RECORDER
CHAR LOCK HOPPER FILTER VALVE POSITIONER LIGHI
6 UNLISTED FLOW DEVICES
2 UNLISTED FLOW DEVICES
3 UNLISTED LEVEL DEVICES
3 UNLISTED LEVEL DEVICES
14 UNLISTED PRESSURE DEVICES
8 UNLISTED PRESSURE DEVICES
4 UNLISTED SWITCHES
14 UNLISTED TEMPERATURE DEVICES
8 UNLISTED TEMP DEVICES
48 MISC UNLISTED DEVICES
73 MISC UNLISTED DEVICES

MOST OF THESE DEVICES WILL SCALE UP

to
0



ERDA COAL CONVEISION INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICH ARE NOT ACCEPTABLE IN SCALED UP PLANTS

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENTS
I.D. NO. BKC 2383

AN 203 111-4 FIRST STAGE PYROLYZER FLUIDIZING GAS HI TEMP ANNUNCIATOR
07/18 NEED IMPROVED 02 ANZR

AR 001 111-4 FIRST STAGE PYROLIZER FLUIDIZING GAS OXYGEN ANALYZER RCDR
CHECK PROCESS APPLICATION

AR 002T 112-3 RECYCLE GAS ANALYTICAL TRANSMITTER
FT 001 111-5 PYROLYSIS GAS TO INCINERATOR FLOW TRANSMITTER

CHKD 08/18 INSTRUMENTS OK. SCALE UP SHOULD NAIL MASS FLOW
FT 021 112-3 MAKE-UP HYDROGEN COMPRESSOR DISCHARGE FLOW TRANSMITTER

PROC APPLICATION
FT 208 111-5 SCRUB LIQUOR TO VENTURI SCRUBBER COOLER FLOW TRANSMITTER

SEE FT 001
FT 214 111-5 SCRUB LIQUOR TO GAS LIQUID SEPARATOR FLOW TRANSMITTER

CHK PRDC COND
FT 225 111-6 30 KW RECYCLE GAS HEATER INLET FLOW TRANSMITTER w

INSTRUMENTS OK HEATING ELEMENT NG
FT 235 111-6 30 KW RECYCLE GAS HEATER INLET FLOW TRANSMITTER

INST OK HEATED NG
FT 236 111-6 30 KU RECYCLE GAS HEATER INLET FLOW TRANSMITTER

INST OK HEATER NG.
FT 245 111-7 13 KW RECYCLE GAS HEATER INLET FLOW TRANSMITTER
FT 248 111-7 30 KW RECYCLE GAS HEATER INLET FLOW TRANSMITTER
FT 310 111-A VENTURI SCRUBBER SCRUB LIQUOR INLET FLOW TRANSMITTER

CHK PPOC COND

FT 311 111-R GAS/LTQUID SEPARATOR SCRUB LIQUOR INLET FLOW TRANSMITTER
CHK PROC COND

FT 315 111-8 VENTURI DEMISTER SCRUB LIQUOR INLET FLOW TRANSMITTER
CHK PROC COND

FT 419 112-3 RECYCLE GAS FLOW TRANSMITTER
PROC APPLICATION

FT 437 112-3 PURGE & VENT GAS FLOW TRANSMITTER
PROC APPLICATION

FTT 002 111-8 SECOND STAGE GAS COMPRESSOR SUCTION TOTALIZING FLOW XMTR
CHK PROC COND

LC 217 111-5 OIL/WATER DECANTER LEVEL CONTROL TRANSMITTER
EXISTING SYS WORKS. SALE-UP DOUBTFUL.

LC 330 111-9 OIL/WATER DECANTER HEAVY OIL LEVEL CONTROLLER
CHK INTERFACE



ERDA COAL CONVE SION INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICH ARE NOT ACCEPTABLE IN SCALED UP PLANTS (COTi]XMUii)

DEVICE
I.D. NO.

LC 331

LC 380

LG 001

LG 002

LG 003

LG 004

LIC 217

LT 210

LT 220

LT 230

LT 240

IT 340

LT 350

LT 360

LT 361

PDT 152

PDT 202

PDT 208

FLOW SHEET
BKC 2383

111-9

111-10

111-5

111-5

111-9

111-9

111-5

111-4

111-6

111-6

111-7

111-9

111-9

111-9

111-9

111-4

111-6

111-5

MEASUREMENT NAME / COMMENTS

OIL/WATER DECANTER LIGHT OIL LEVEL CONTROLLER
CHK INTERFACE

ROTARY PRESSURE PRECOAT CRUDE OIL FILTER LEVEL CONTROLLER
CHK PROC

OIL/WATER DECANTER LIGHT OIL LEVEL GLASS
SEE LC 217

OIL/WATER DECANTER HEAVY OIL LEVEL GLASS
SEE LC 217

OIL/WATER DECANTER LIGHT OIL LEVEL GLASS
CHK INTERFACE

OIL/WATER DECANTER HEAVY OIL LEVEL GLASS
CHK INTERFACE

OIL/LEVEL DECANTER INDICATING LEVEL CONTROLLER
SEE LC 217

FIRST STAGE PYROLIZER FLUID BED HI LEVEL TRANSMITTER
CHECK PROC COND

SECOND STAGE PYROLYZER FLUID BED MID LVL LEVEL TRANSMITTER
INST OK SCALE UP SHOULD BE IMPROVED

THIRD STAGE PYROLYZER FLUID BED HI LVL LEVEL TRANSMITTER
INST OK IMPROVE FOR SCALE UP

FOURTH STAGE PYROLYZER FLUID BED LEVEL TRANSMITTER
IMPROVE FOR SCALE-UP

HEAVY OIL DEHYDRATOR LEVEL TRANSMITTER
CHK INTERFACE

OIL DEHYDRATOR LEVEL TRANSMITTER
CHK INTERFACE

OIL STORAGE TANK A LEVEL TRANSMITTER
RELATE TO GENERAL UPDATE REVIEW

OIL STORAGE TANK B LEVEL TRANSMITTER
SEE LT 360

FIRST STAGE PYROLYZER COAL FLOW D/P TRANSMIITER
CHECK PROC. COND

SECOND STAGE PYROLYZER FINES FLOW D/P TRANSMITTER
INSTRUMENTS WORK WELL. IMPROVE FOR SCALE-UP

RECYCLE GAS PRESSURE DIFFERENTIAL TRANSMITTER
INSTRUMENT OK. SCALE-UP DOUBTFUL



ERDA COAL CONVERSION INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICH ARE NOT ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE
I.D. NO.

PDT 209

PDT 211

PDT 212

PDT 213

PDT 214

PDT 215

PDT 216

PDT 221

PDT 223

PDT 227

?DT 231

PDT 232

PDT 233

PDT 235

PDT 236

PDT 237

PDT 241

PDT 242

MEASUREMENT NAME / COMMENTSFLOW SHEET
BKC 2383

111-5

111-4

111-4

111-4

111-4

111-4

11 1-5

111-6

111-6

111-6

111-6

111-6

111-6

111-6

111-7

111-6

111-7

111-7

PYROLYSIS GAS DIFFERENTIAL PRESSURE TRANSMITTER
INSTRUMENT OK SCALE UP DOUBTFUL

FIRST STAGE PYROLYZER FLUID BED MID LVL D/P XMTR
CHECK PROC CONDO

FIRST STAGE PYROLYZER CYCLONE A PURGE D/P I5TH
CHECK PROC. COND

FIRST STAGE PYPOLYZER PURGE LINE DIFFERENTIAL PRESS XMTR

CHECK PROC. COND
FIRST STAGE PYROLYZER FLUID BED LO LVL D/P XNTR

CHECK PROC COND
FIRST STAGE PYROLYZER CYCLONE B LVL D/P TRANSMITTER

CHECK PROC COND
RECYCLE GAS DIFFERENTIAL PRESSURE TRANSMITTER

INSTRUMENT OK SCALE-UP DOUBTFUL
SECOND STAGE PYROLYZER FLUID BED LO LVL D/P TRANSMITTER

INST. OK IMPROVE POP SCALE-UP
EXTERNAL CYCLONE PYROLYSIS GAS INLT FLOW D/P TRANSMITTER

INST OK IMPROVE FOR SCALE-UP
SECOND STAGE PYROLIZER COAL FLOW D/P TRANSMITTER

INST OK IMPROVE FOR SCALE-UP
THIRD STAGE PYROLYZER FLUID BED MID LVL D/P TRANSMITTER

INST OK IMPROVE FOR SCALE-UP
THIRD STAGE PYROLYZER TOP/DSCH D/P TRANSMI TER

INST OK IMPROVE FOR SCALE-UP
SECOND STAGE PYROLYZER FLUID BED GRATE LVL D/P ILANSMITTER

INST OK IMPROVE FOR SCALE-UP
SECOND STAGE PYROLYZER MIXED COAL FLOW D/P TRANSMISTTER

INST OK IMPROVE FOR SCALE-UP
FOURTH STAGE PYROLYZER PYROLYSIS GAS DSCH D/P TRANSMITTER

IMPROVE FOR SCALE-UP
THIRD STAGE PYROTYZER CHAP INLT FLOW D/P TRANSMITTER

INST OK IMPROVE FOR SCALE-UP
F)URTH STAGE PYROLYZER FLUID BED MID LEVEL /P TRANSMITTER

IMPROVE FOR SCALE-UP
FOURTH STAGE PYROLYZER HI LVL DIFFERENTIAL PRESSURE XMTR

IMPROVE FOR SCALE-UP

to
~0



ERDA COAL CONVERSION INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS WHIC I ARE NOT ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE
I.D. NO.

"DT 243

PDT 245

PDT 249

PDT 272

PDT 318

PDT 319

PI 031

PI 037

PT 210

PT 220

"T 230

S 2'5

S 219

S 225

3 235

S 236

S 24 5

S 246

MEASUREMENT NAME / COMMENTSFLOW SHEET
BKC 2383

111-6

S11-6

111-7

111-6

111-8

111-8

111-3

111-6

111-4

111-6

111-6

111-4

111-L4

111-6

111-6

111-6

11 1-7

111-7

THIRD STAGE PYROLYZER FLUID BED LO LVL D/P TRANSMITTER
INST OK IMPROVE FOP SCALE-UP

THIRD STAGE PYROLYZER COAL/CHAR INLT FLOW D/P TRANSMITTER
INST OK IMPROVE FOR SCALE-UP

FOURTH STAGE PYROLYZER FLUID BED LO LVL D/P TRANSMITER
IMPROVE FOR SCALE-UP

SECOND STAGE PYROLYZER CYCLONE B LVL D/P TRANSMITTER
INST OK IMPROVE FOR SCALE-UP

PYROLYSIS GAS DIFFERENTIAL ?RESSURE TRANSMITTER
CHK PROC COND

GAS/WATER SEPARATOR PYROLYSIS GAS LINE D/P TRANSMITTER
CHK PROC COND

VELOCITY SEPARATOR DISCHARGE PRESSURE
CHECK PROC COND

EXTERNAL CYCLONE PYROLYSIS GAS INLT PRESS IND
INST OK IMPROVE FOR SCALE-UP

FIRST STAGE PYPOLYZER CYCLONE B PRESS TRANSMITTER
IMPROVE FOR SALE UP

SECOND STAGE PYROLYZER CYCLONE B LVL PRESSURE TRANSMITTER
INST OK IMPROVE FOR SCALE-UP

THIRD STAGE PYROLYZEP CYCLONE B LVL PRESSURE TRANSMITTER
INST OK I PR)VF FOP SCALE-UP

10 KW RECYCLE GAS HEATER TRIP
RECOMMEND BETTER HTR

1.5 KW RECYCLE GAS HEATER T'IP
RECOMMEND BETTER HTR

30 KW RECYCLE GAS HEATER HIGH SHEATH TEMP TRIP
INST OK RECOMMEND BETTER HEATER FOR SCALE-UP

30 KR RECYCLE GAS HEATER HI SHEATH TEMP ShIECH
INST OK RECOMMEND BETTER HEATER FOR SCALE-UP

30 KW RECYCLE GAS HEATER SHEATH TEMPERATURE HI 6WI1CH
INST. OK REVIEW FOR BETTER HTR

10 KW RECYCLE GAS HEATER ALAq1
RECOMMEND BETTER HTR

25 KR OXYGEN HEATER HI SHEATH TEMPERATURE ALARM
RECOMMEND BETTER HTP

to



ERDA COAL CONVEY SION INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICH ARE NOT ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

E FLOW SHEET MEASUREMENT NAME / COMMENTS
NO BKC 2383

S 247

S 248

TC 205

TC 219

TC 225

TC 235

TC 235

TC 2145

TC 246

TC 247

TC 248

TI 041
mIC 205

TIC 2' 5C

TIC 219

TIC 219C

TIC 225

TIC 225C

TIC 235

111-7

111-7

111-4I

111-4

111-6

111-6

111-6

111-7

111-7

111-7

111-7

111-9
111-4

111-4

111-4

111-4

111-6

111-6

111-6

35 KW STEAM SUPERHEATER HI SHEATH TEMP ALARM
RECOMMEND BETTER HEATER

30 KW RECYCLE GAS HEATER HI SHEATH TEMP ALARM
RECOMMEND BETTER HTR

10 KW RECYCLE GAS HEATER TEMPERATURE CONTROLLER
RECOMMEND BETTER HTR

1.5 KW RECYCLE GAS HEATER TEMPERATURE CONTROLLER
RECOMMEND BETTER HTR

30 KW RECYCLE GAS HEATER SHEATH TEMP CONTROL
INST OK. RECOMMEND BETTER HTR

30 KW RECYCLE GAS HEATER SHEATH TEMP CONTROL
INST OK RECOMMEND BETTER HTR

30 KW RECYCLE GAS HEATER SHEATH TEMPERATURE
INST OK RECOMMEND BETTER HT R

10 KW RECYCLE GAS HEATER TEMPERATURE CONTROL
RECOMMEND BETTER HTR

25 KW OXYGEN HEATER SHEATH TEMP CONTROL

RECOMMEND BETTER H^TR
35 KW STEAM SUPERHEATE' HI SHEATH TEMP CONTROL

RECOMMEND FETTER HTR
30 KW RECYCLE GAS HEATER HI SHEATH TEMP CONT

RECOMMEND BETTER HTF
OIL/WATER DECANTER HEAVY OIL TEMPERATURE INDICATOR
10 KW RECYCLE GAS HEATER OUTLET TEMPERATURE CONTROLLER

RECOMMEND BETTER HEATER
13 KW RECYCLE GAS HEATER INLET TEMPERATURE CONTROLLER

RECOMMEND BETTER HTR
1.5 KW RECYCLE GAS HEATER OUTLET TEMPERATURE ONTROLLER

RECOMMEND BETTER HTR
1.5 KW RECYCLE GAS HEATER INLET TEMPERATURE CONTROLLER

RECOMMEND BETTER HTR
30 KW RECYCLE GAS HEATER OUTLET TEMPERATURE INDICATING CONT

RECOMMEND BETTER HTR
30 KW RECYCLE GAS HEATER INDICATING TEMP CONTROL

RECOMMEND BETTER HTR
30 KW RECYCLE GAS HEATER OUTLET INDICATING IEM2 CONTROL

RECOMMEND BETTER HTR

DEVIC
I.D.

w



ERDA COAL CONVE SION INSTRUMENTATICN REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICH ARE NOT ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE
I.D. NO.

TIC 235C

TIC 236

TIC 236C

TIC 247C

TIC 248

TIC 248C

TIC 350

TIC 360

TIC 361

TT 220

TT 225

TT 23'0

TT 235

TT 236

WS 001

WS 002

WS C03

WrS 005

FLOW SHEET
BKC 2383

111-6

111-6

111-6

111-7

111-7

111-7

111-9

111-9

111-9

111-6

111-6

111-6

111- -
111-

111-3

111-5

111-6

111-9

MEASUREMENT NAME / COMMENTS

30 KW RECYCLE GAS HEATER INDICATING TEMP CONTROL
RECOMMEND BETTER HTR

30 KW RECYCLE GAS HEATER OUTLET INDICATING TEdP CONTROL
RECOMMEND BETTER HEATER

30 KW RECYCLE GAS HEATER INDICATING SHEATH TEMP CONTROL
RECOMMEND BETTER HTR

35 KW STEAM SUPERHEATER SHEATH TEMP INDICATING CONTROL
RECOMMEND BETTER HTR

30 KW RECYCLE GAS HEATER OUTLET TEMPERATURE IND CONTROL
RECOMMEND BETTER HTR

30 KW RECYCLE GAS HEATER HI SHEATH TEMP IND CONTROL
RECOMMEND BETTER HTR

OIL DEHYDRATOR TEMPERATURE INDICATING CONTROLLER
CHK PROC

OIL STORAGE TANK A TEMPERATURE INDICATING CONTROLLER
CHK PROC

OIL SOTRAGE TANK B TEMPERATURE INDICATING CONTROLLER
CHK PROC

SECOND STAGE PYROLYZER FLUID BED HI LVL TEMP TRANSMITTER
IMPROVE FOR SCALE-UP

30 KW RECYCLE GAS HEATER OUTLET TEMPERATURE TRANSMITTER
PECOFMME D SETTER HEATER

THIRD STAGE PYROLYZER FLUID BED TEMPERATURE TRANSMITTER
I'P OVE INSTRUMENTATION FOR SCALE-UP

33 jW RECYCLE GAS HEATER OUTLET TEMPERATURE TRANSMITTER
RECOMMEND BETTER HEATER

3^ KW RECYCLE GAS HEATER OUTLET TEMPERATURE TRANSMITTER
RECOMEND BETTER HEATER

PUT VEE IZED COAL WEIGH HOPPER W-48154
FLOW MEASUREMENT FOR COMMERCIAL PLANTS

FIST STAGE OIL WEIGH SCALE
CONTINUOUS FLOW MSMT FOR COMMERCIAL PLANTS

FINES WEIGH SCALE W-48303
CHECK VOLUME FOR FULL SCALE OPERATION

PRODUCT OIL WEIGH SCALE W-48363
REQUEST VOL/TON FROM COED PILOT PLANT

0



ERDA COAL CONVERSION INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICH ARE NOT ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENTS
I.D. NO. BKC 2383

WS 006 111-10 FILTER FEED TANK WEIGH SCALE W-48393
REQUEST DATA FROM SITE LBS/TON COAL FEED

wS 007 112-1 OIL FEED TANK WEIGH SCALE W-48409A
REQUEST LB/HP/TON COAL FEED

WS 008 112-1 OIL FEED TANK WEIGH SCALE "L-484C9B
REQUEST LB/HP/TON COAL FEED

WS 009 112-2 LIGHT CIL TANK WEIGH SCALE :-48432
ESTIMATE FOR 250 I/D DLANT 3 TO 5 GPH

WS 010 112-3 HEAVY OIL PRODUCT TANK WEIGH SCALE W-48447A
ESTIMATE 250T/D PLANT 7 TO 10 GPM TOTAL FLOW

WS 011 112-3 HEAVY OIL PRODUCT TANK WEIGH SCALE W-48447B
SEE WS 010

WS 012 WASTE WATER TANK WEIGH SCALE W-48470
REQUEST DATA FROM SITE LRS/TON COAL FEED



FRDA COAL CONVEt SION INSTRUMENTATION REVIEW FOR THE C02 ACCEPTOi PROCESS
INSTRUMENTS WHICH ARF NOT ACCEPTABLE IN SCALED UP PLANTS

DEVICE
I.D. NO.

AI 3002

AIT 2001
AIT 2012
AlT 3000

AIT 3001

AM 333')

AM 3001

AR 3^0"f

AR 3001

ASL 3002

AT 3002

DPI T 2079

DPSL 2045

DPSL 2046
DPSL. 20U7
DPSL 2048
DPSL 2049
DPT 1001
DPT 1002
DPm 1003
DPT 2000
DPT 2001
DPT 2001HL
DPT 2002
DPT 2002HL

FLOW SHEET
SRC

20.9

205
20 5
208

208

208

208

208

208

208

208

203-1

203-1

203-1
2^3-1
203-1
2C 3-1
202
202
202
203-1
203-1
203-1
203-1
203-1

MEASUREMENT NAM1E / COMMaNXS

S02 SCRUBBER WST WT OUTL PH ANALYSIS IND
SEE AT 3002

RG CYCLONE FLUE GAS OUTL 02 ANALYSIS IND XMIR
RG CYCLONE FLUE GAS OUTL CO ANALYSIS IND XMTR
RG QUENCHER QUENCHED FLUE GIS OUTL C02 ANALYSIS IND XM"R

CHECK MFP, SERVICE, TROUBLE
ABSORBER CONDENSER OUTL SAMPLE ANALYSIS IND XMTh

CHK MFR,SERVICE,AND TROUBLE ALSO CHECK APPLICATION
RG QUENCHER QUENCHED FLUE GAS OUTL 002 ANALYSIS XDCR

SEE AIT 3000
ABSORBER CONDFNSER OUTL SAMPLE ANALYSIS XDCA

SEE AIT 3001
RG QUENCHED QUENCHED FLUE GAS OUTL C02 ANALYSIS i C

SEE AIT 3000
ABSORBER CONDENSER OUTL SAMPLE ANALYSIS RECORDER

SEE AIT 3001
S02 SCRUBBER WST WTR OUTL LO PH SW

SFE AT 3002
S^2 SCRUBBER VST FTR OU.'L PH ANALYSIS XMIR

SEE IF PARTICULAR DEVICE IS APPLICABLE T0 FLUID
PURGE GAS B D/P INDICATING

INSTRUMENT LINE-UP IS QUESTIONABLE,ESPECIALLY ON H2
DEVOLATILIZEF DIFFERENTIAL PRESSURE SWITCH LOW

CHECK APPLICATION
DEVOLATIJIZFP/CYCLONE DSCH PRESS/RECYCLE GAS D/P SWITCH HIGH
DEVOLATILIZEF/FLUE GAS T/P SWICI LOW
GASIFIPR DOLOMITE L DVEL 0/P S'I'CH
RECYCLE GAS/SPENT CHAR LINE ')tP SWITCH LOW
LIGNITE PRHTR BED LVL D/P XMTR
LIGNITE PRHTR BED LVL D/P XMTR
LIGNITE PHTER BED LVL D/P XMTR
DEVCLATILIZEE TOP/FLUE GAS D/P TRANSMITTER
GASIFIER SPENT DOLOMITE POT LEVEL D/P TRANSMITTE HIGH
DEVOLATILIZER FLUID BED LEVEL D/P TRANSMITTER
DEVOLATILIZEE FLUID BED LEVEL
GASIFIER SPENT DOLOMITE LEVEL D/P TRANSMIT R HI/LO

IO
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ERDA COAL CCNVERSION INSTRUMENTATION REVIE'4 FOR THE C02 ACCEPTOR PROCESS
INSTRUMENTS WHICH ARE NOT ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENTS
I.D. NO. SRC

DPT 2003 203-1 DEVOLATILIZER FLUID BED LEVEL D/P TRANSMITTER
DPT 200 3 HL 203-1 GASIFIER DOLOMITE POT LEVEL HIGH D/P TRANSMITTER
DPT 2004 203-1 DEVOLATILIZER SPENT DOLOMITE POT LEVEL D/P TRANSMITTER
DPT 2005 203-1 DEVOLATILIZER SPENT DOLOMITE POT LEVEL D/P TRANSMITTER
DPT 2005HL 203-1 GASIFIER FLUIDIZED BED LEVEL D/P TRANSMITTER
DPT 2006 203-1 DOLOMITE DUMP HOPPER LEVEL D/P TRANSMITTER
DPT 2007 203-1 SPENT DOLOMITE LINE D/P TRANSMITTER
DPT 2308 203-1 DOLOMITE LINE D/P TRANSMITTER
DPT 2009 203-1 DOLOMITE LINE D/P TRANSMITTER
DPT 2010 203-1 DOLOMITE LINE D/P PRESSURE
DPT 2013 203-1 COKE/CHAR LIFT LINE D/P TRANSMITTER
DPT 2014 203-1 GASIFIER CHAR DISCHARGE LINE DIFFERENTIAL PRESS MTi
DPT 2021 203-1 SPENT DOLOMITE/LIFT GAS D/P TRANSMITTER
DPT 2022 203-1 SPENT DOLOMITE LINE D/P TRANSMITTER
DPT 2025 203-1 DOLOMITE SUPPLY LINE D/P TRANSMITTER
DDT 2026 203-1 DOLOMITE SUPPLY LINE D/P TRANSMITTER
DPT 2027 2(3-1 SPENT CHAR LINE DIFFERENTIAL PRESSURE TRANSMITTER
CPT 2028 203-1 SPENT CHAR LINE DIFFERENTIAL PRESSURE TRANSMITTER
OPT 2029 203-1 SPENT CHAR DSCH LINE PRESSURE TRANSMITTER
DP' 2030 203-1 PROCESS GAS 1/2 DIFFERENTIAL PRESSURE TRANSMITTER
DPT 2031 203-1 GASIFIER FLUID BED LEVEL DIFFERENTIAL PRz5SURx. TRANSMITTER
DPT 2132 203-1 GASIFIEP FLUID BED LEVEL DIFFERENTIAL PRESSURE XITE
DPT 2033 203-1 GASIFIF? FLUID BED LEVEL D/P TRANSMITTER
?PT 2034 20-1 GASIFIER SPENT DOLOMITE BED LEVEL D/P TRANSMITTER HI/LO
rPT 2035 203-1 ASIFTFP SPENT DOLOMITE BED LEVEL D/P TRANSMINER Hl/LO
D?T 2036 233-1 COKE LINE DIFFERENTIAL PRESSURE TPANSMITTER
DPT 2037 203-1 SPENT DOLOMITE LINE DIFFERENTIAL PRESSURE TRANSMITTER
SIPI 2043 203-1 DEVOLATILIZER D/P TRANSMITTER
DPT 2044 203-1 PROCESS GAS 1/2 DIFFERENTIAL PRESSURE TRANSMITLER
DPT 2070 203-1 GASIFIER FLUIDIZED BED LEVEL D/P TRANSMITTER
OPT 2073 203-1 REGENEPATOR FLUID BED LEVEL D/P TRANSMITTER
DPT 2074 203-1 REGENERATOR FLUID BED LEVEL D/P TRANSMITTER
DPT 2075 203-1 PWGENFRATOR FLUID BED LEVEL D/P TRANSMITTER
DPT 2076 203-1 REGENERATOR FLUID BED LEVEL D/P TRANSMITTER
DPT 2077 203-1 REGENERATOR FLUID BED LEVEL D/P TRANSMI'!'TR
D?T 2078 203-1 GASIFIER SPEN T DOLOMITE BED LEVEL D/P TRAN MIaiTr Hl/LO



EBDA COAL CONVE2STON INSTRUMENTATION REVIEW FOR THE C02 A CEPTOR PROCESS
INSTRUMENTS WHICH A F NOT ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE
I.D. NO.

FI 101'

FI 2087

PI 2139

FR 2134
FT 2134
LC 3010
LC 3012
LC 3027
LC 3035
LC 3078
LCV 2000A

LCV 2000A

LSH
LSH
LSH
LSH
LSH

I.SH
L S H

LSH

1000
1002
1004
1006
1011

1014
102
3.2RbA

LIL 1001
LSL 1003
LSL 1005
LSL 1'12
LT 1ioq
LT 2001
LT 2003

FLOW SHEET MEASTJPEMENT NAME / COMMLNIS
SRC

203 -2

203-1

203-1

203-1
203-1
206
206
207
207
206
20 3-2

203-2

201
20 1
201
20 1
201

201
20 1
207

201
20 1
201
20 1
201
20 3-1
203-1

LIGNITE PREHEATED BED LEVEL D/P LINE PURGE FLJW IND

ASSOC INSTRUMENTS ON B201,202 & 203-1 FREQUENTLY SHOW
LOCATIONS DIFFERENT PROM 203-1,INDICATING A CLOSER SCRUTINY
OF PURGE FLOW INDICATORS IN PLANTS

REGENERATOR DOLOMITE DSCH FLOW INDICATOR
SEE TE 2317

PURGE GAS B-H2-FLOW INDICATOR
SEE DPIT 2079

PURGE GAS B FLOW RECORDER
PURGE GAS B FLOW TRANSMITTER
GF QUENCH SEPARATOR WASTE OIL LVL CONT
GF QUENCH SEPARATOR LVL CONTROLLER
DV QUENCH SEPARATOR LVL CONT
DV QUENCH SEPARATOR LVL CONT
GF VENTURI LEVEL CONTROLLER
PYROLIZER FLOW CONTROL VALVE

PART OF PURGE SYSTEM BUT NOT TIED TO OTHER DEVICES
PYFOLIZER FLOW CONTROL VALVE

HOLD AND REVIEW IN RETRIEVAL
DOLOMITE SILO A LEVEL SWITCH
DOLOMITF SILO B LEVEL SNIrCH HIGH
DOLOMITE BIN LEVEL SWITCH HIGH
DOLOMITE FINES BIN LEVEL SWITCH HIG-I
LIGNITE SURGE BIN LEVEL SWITCH HIGH

MOTOR INTERLOCK
LIGNITE CYCLONE LEVEL SWITCH HIGH
LIGNTTE FVNES BIN LEVEL SWITCH HIGH
DV YENTU91 HI LVL SW

MIGHT BE PROBLEM VITH FINES
DOLOMITE SILO A LEVEL SWITCH LOW
DOLOMITE SILO B LEVEL SWITCH LOW
DOLOMITE BIN LEVEL SWITCH LOW
LIGNITE SURGE BIN LEVEL SWITCH LOW
LIGNITE SILO LEVEL TRANSMITTER
DEVOLATILIZER SPENT DOLOMITE POT LEVEL TRANSMITTt&
GASIFIER SPENT DOLOMITE BED LEVEL TRANSMIIIER

THRU LIC 2003 TO XCV 2132

1-I

0
0



ERDA COAL CONVEY SION INSTEUMENTATTON REVIEW FOR THE C02 ACEPTO PROCESS
INSTRUMENTS WHICH ARE NOT ACCEPTABLF TN SCALED UP PLANTS (CNrINULD)

MEASUREMENT NAME / COMMENTSFLOW SHEET
SRC

PT
PT
PT
PT
TE

2002
2007
2018
2025
2317

t'I 2030VI 2031
WR 2030
WR 2031
WSH 2030
WSH 2031
WT 2030

WT 2031

WT 2032
WT 2033

203-1
203-1
203-1
203-1
203-1

209
205
205
205
205
205
205

205

2o2
202

DEVCLATILIZEF DOLOMITE POT PRESSURE TRANSMITTER
RECYCLE GAS PPESSURF TRANSMITTER
REGENERATOR DISCHARGE PRESSURE TRANSMITTER
GASIFIER D/P LINE PURGE PRESS XMTP
REGENERATOR DOLOMITE DSCH TEMPERATURE ELEMENT

DOES TEMP VS FLOW PROVIDE DESIRED ACCURACY?
ASH OUT HOPPER A WEIGHT IND
ASH OUT HOPPER B WEIGHT IND
ASH OUT HCPPE A WEIGHT REC
ASH OUT HOPPER B WEIGHT REC
ASH OUT HOPPEP A WEIGHT SW HI
ASH OUT HOPPER B WEIGHT SW HI
ASH OUT HOPPER A WEIGHT XMTR

SEE WI+WR 2030
ASH OUT HOPPER B WEIGHT XMTR

SEE WI/WR 2031
LIGNITE HOPPER A WEIGH XMTR
LIGNITE FEEDER B WEIGHT TRANSMITTER

DEVICE
I.D. NO.

0



ERDA COAL CONVERSION INSTRUMENTATION REVIEW FOR THE IYGAS PROCESS
INSTRUMENTS WHICH

DEVICE
I.D. NO.

hlIT 405

AIT 416

AIT
AI'T
AIT
AlT
AJV

462
463
505
556
405

AJV 406
FT 3379
FT 668S

L' 321B
LTI U07S

I.WA 112

PDT 3089
PDT 3157S

PUT 374
PI 349S

WIC 112

WT 112

WY 112

XD 1003A

XF 1012

XL 102413

ARE NOT ACCEPTABLE IN SCALED U P PLANTS

FLOW SHEET MEASUREMENT NAME / COMMENTS
IGT

4.00-1-J

4.00-1-J

4.00-2-J
4.00-2-J
5.00-1-J
5.00-1-J
4.40-1-J

4.00-J1-J
3.00-1-J
3.00-3-J

3.00-2-J
4.00-1-J

1. 00-1-J

3.0.:1-2-3
3.00-2-J

3.00-2-3
3.00-1-J

1 .00-1-J

1 .00-1-J

1.00-1-J

3.00-1-J

3.00-1-J

4.00-1-J

QUENCH TOWER GAS ANALYTICAL IND XMTR
SEE AJV 405

QUENCH TOWER GAS ANALYTICAL IND XMTR
SEE AIT 405

CAUSTIC & WATER WASH SCRUBBER GAS CO ANALYTICAL IND XMTR
CAUSTIC & WATER WASH SCRUBBER C02 ANALYTICAL IND XMTR
1ST STAGE QUENCH GAS CO ANALYTICAL IND XMTR
1ST STAGE QUENCH GAS H2 ANALYTICAL IND XMTR
HYDROGASIFIER EFFL QUE GAS OUTL GAS ANALYSIS SCANNING VALVE

CHECK TYPE USED IGT HAS SPENT MUCH TIME ON GAS ANALYZERS
QUENCH TOWER GAS CHROMATOGRAPH SCANNING VALVE
FEED SLURRY PUMPS SUCTION FLOW XMTR
SPENT CHAR SLURRY MIX DRUM DSCH FLOW XMTR

FE IS A VENTURI-QUESTION PROBLEMS
HYGAS REACTOR LEVEL TRANSMITTER B
QUENCH SEPARATOR LEVEL IND XMTR

QUESTION INTERFACE
COAL LEVEL WEIGHT ALARM

DIRECT SCALEUP UNLIKELY
HYGAS REACTOR D/P TRANSMITTER
CYCLONE DIP LEG D/P XM R

CONSIDER MASS FLOW AND TRANSPORT PROBLEMS
HYGAS REACTOR DIFFERENTIAL PRESSURE TRANSMITTER
FEED BLOW DOWN DRUM PRESSURE IND

WILL DECANTER BE REQUIRED FOR SCALE UP
COAL WEIGHT INTEGRATOR CONTROLLER

DIRECT SCALEUP 10 LIKELY
SIZED COAL WEIGHT BELT WEIGHT TRANSMITTER

DIRECT SCALE UP UNLIKELY
COAL WEIGHT INrEGRATOR

DIRECT SCALEUP UNLIKELY
3 UNLISTED DENSITY DEVICES

SLURRY DENSITY MSMT-LIST MFR AND SERVICE RECORD
12 UNLISTED FLOW DEVICES

REVIEW FOR MASS FLOW
24 UNLISTED LEVEL DEVICES

ANY INTERFACE PROBLEMS?

0
N~



ERDA COAL CONVERSION INSTRUMENTATION REVIEW FOR THE SRC PROCESSINSTRUMENTS WHICH ARE NOT ACCEPTABLE IN SCALED UP PLANTS

NONE FOUND

0



ERDA COAL CONVEY SION INSTFUMENTATION PEVIEW FOP THE SYNTHANE PROCESS
INSTRUMENTS WHICH ARE NOT ACCEPTABLE IN SCALED SIP PLANTS

DEVICE
T.D. NO.

AR 239-1

AR 240-2

FIC 215

FIC 222

LAH 401

LAHL 413

LC 203S

LI 413

LIC 405
LLH 402

LSD 402

LSL 402

PDAH 202
PDAH 204
PDAH 259
PDAH 259A
^1)AH 261
PDAL 202

PDC 259
PDI 2034
PDI 2035
PDI 205 A

MEASUREMENT NAME / COMMENTSFLOW SHEET
LCO

02005D-4

02005E-5

02005E-5

04005A-4

04005A-4

02005C-5

04005A-4

00462A-1
04005A-4

00 462A-1

00462A-1

02C05A-4
020O5A-4
02005A-4
00462A-1
02005A-4
02005A-4

02005A-4
02005A-4
02005A-4
02005A-4

TWP FETHANATOR GAS ANALYSIS RECORDER
SEE XX 109U

NED1iJM PRESS STEAM 02 ANALYTICAL RECORDER
INTERESTING APPLICATION-CHECK IF REQD ON SCALE UP

ABSORBENT REGENERATOR INLET STEAM FLOW INDICATING CONTROLLER
CARRIED AS COMPARISON TO FIC 222-THIS WILL SCALE UP BUT
FOR CONTROL DP SHOULD BE LINEARIZED

ABSORBENT REGENERATOR GAS INLET FLOW INDICAFINC CONTROLLER
THIS TYPE OF DEVICE WILL NOT SCALE 13-CNZROL IQ NOT THE
BEST

CHAR LOCK HOPPER HIGH LEVEL ALARM
PART OF PLL 401

LP CHAR SLURRY TANK HIGH LEVEL ALARM
CHECK APPLICATION

DECANTER TAR LEVEL CONTROL
QUESTION TAR/WATER INTERFACE

LP CHAR SLURRY TANK LEVEL INDICATOR
CHECK APPLICATION

CHAP SLURRY TANK LEVEL INDICATING CONTROLLED
CHAR LOCK HOPPER HIGH LEVEL LIGHT

SUSPICION OF LEVEL PROBLEMS
CRAP LOCK HOPPER RI = LEVEL SWITCH

ANY PP.OBLEMS?
CHAP IOCK HOPPER LOW LEVEL SWITCH

SEE LSH 402
GASIFIER FLUID PED HIGH DIFFL PRESS ALARM
CHAR FLUID BED HIGH DIFFL PPESS ALARM
GASIFIER DISTPIBUTOP HIGH DIFF PRESS ALARM
GASIFIEP DISTRIBUTOE HIGH DIFFL PRESS ALARM
CHAP COOLER DISTPIBUT3R HIGH DIFFL PRESS ALARM
GASIFIER FLUID BED LOW DIFFL PRESS ALARM

SEE PDIC 202
GASIFIER DISTRIBUTOR STEAM DIFFL PRESS COUNT
GASIFIER FLUID BED DIFFL PRESS INDICATOR
GASIFIER FLUID BED DIFFL PRESS INDICATOR
CHAR FLUID BED DIFFL PRESS IND

0



ERDA COAL CONVERT SION INSTRUMENTATION REVIEW FOR THE SYNTHANE Pd3CQSS
INSTRUMENTS WHICH ARE NOT ACCEPTABLE IN SCALED UP PLANTS CONTINUED )

DEVICE
I.D. NO.

PDI 205 B
PDI 254
PDI 259
PDI 261
PDIC 202

?DIC 204
PDIC 257
PDM 254 A
PDM 255 A
PLL 401

PM 267 A
TR 245

TRC 203
xx 109U

'FLOW SHEET MEASUREMENT NAME / COMMENTS
LCO

02005A-4
02005A-4
02005A-4
02005A-4
02005A-4

02005A-4
00462A-1
020 05A-4
020054-4
04005A-%I

02005A-4
02005D-4

00462A-1
02005G-4

XX 114U 00462A-1

CHAR FLUID BED DIFFL PRESS INDICATOR
PRETREATER DIFFL PRESS IND
GASIFIER DISTRIBUTOR PROCESS DIFFL PRESS IND
CHAP DISTRIBUTOR DIFFL PRESS IND
GASIFIER FLUID BED DIFFL PRESS IND COUNT

AT 1000 PSI 140'F-BED LEVEL MUST BE A PiOdLEN
"HAP FLUID BED DIFEL PRESS IND CONT
GASIFIEP FLUID BED DIFFL FRESS IND CONT
PRETREATER DIFFL PRESS XMTR
PRETREATER DIFFL PRESS XMTR
CHAP LOCK HOPPER LOW LEVEL LIGHT

CHECK PROCESS AND APPLICATION
PRETREATEP PRESS XMTR
SHIT CONVERTER TEMPERATURE RECORDER

TEMP ELEMENT NOT SHOWN-4T 1000 PSIG/8LuF VESSEL SIZE ON
SCALE-UP MAY REQUIRE SPECIAL THERMOPELLS

GASIFIER DISTRIBUTOR TEMP REC COUNT
35 UNLISTED UNCLASSIFIED INSTRUMENTS

PFOCESS SHOULD BE CHECKED-IS THERE SUFFICIENT INFO?
39 MISC UNLISTED DEVICES

NO ANALYTICAL DEVICES SHOWN
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