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A STUDY OF THE STATE~OF=THE-ART OF INSTRUMENTATION FOR PROCESS
CONTROL AND SAF:TY IN LARCE=SCALE COAL GASIFICATION,
LIQUEFACTION, AND FLUIDIZED-BED COMBUSTION SYSTEMS

by

N. M, O'Fallen, R, A, Beyerlein, W, W, Managan,
H. B. Karplus and T. P, Mulcahey

ABSTRACT

A study nas dbeen carried out to determine the state-of-the-
art of instrumentation which is available for process control
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 into the same few categories for all processes con-
sidered, These categories are presented with associated physical
parameters found 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 Argonnn
National Laboratory for the U.,S. Energy Research and Development Administra-
tion, Fossgil Energy Division. The object of the study war to survey the cur-
rent state-of-the-art in instrumentation and to identify deficiuncies that
will exist in the large scale coal plants unless appropriate new fnstrumencs
are developed,

Much of the information for this study has been collected through con-
tact with operating personnel at pilot and sub-pilot conl conversion and
combustion plants and with engineers involved in the evaluation of these
prucesges 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 instrupents 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



process streams, levels of oil/water interfaces and of fluidized beds, and
temperatures in i1eaction vessels and on vessel walls,

It 15 recommended that development of instruments to meet these defici-
encles be started as soon as possible, The suggested development program
has as its aim the commercial avalilability of necded instruments, compatible
with the requirements of automatic controllers, when the first 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 18 1n the area of control valve development; and the cother 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 gutomatic control of the large scale processes will be pos~
gible,

2.0 PROBLEM INVESTIGATED

This study, carried out by Argonne National Laboratory (ANL) and funded
by the Fossil Energy Division, U.S. Fnergy Research and Development Adminis~
tration, was concerned with an evaluation of the state-of=-the-art of instru-
mentation for procese contrel and safety in large-scale coal gasification,
ligquefaction, and fluidized-bed combustion systems, The object of chis study
was to identify deficiencies which will exist in instrumentaticn for these
systems unless appropriate action is taken, and to recommend 1 program of
research, development, and technology transfer aimed at the timely commercial
availability of needed instruments,

3.0 METROD 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 {n 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 consideved the
instruments shown on piping and instrument diagrams for coal conversion pilet
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
commarcial plant operation.

3.1 The Argonne National laborstory Survey

In order to learn of instrumentation deficiencies in amall scale systems
planned large-scale systems based on these processes, ANL instrumentation
davelopment staf{ made a number of technical visits. They visited the high-
Btu gasification pilot plants for the HYGAS, CO, Acceptor, and Synthane pro-
cesses and consulted with engineers at C, F, Braun and Co., who are concermned
with project evaluation for the high~Btu processes and design of commercial
plants based on these processea. 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



evaluatioa 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 ' ~1 tha needs of fluidized-bed coal combustion
systems came from staff at We -r:. ' .use Research Laboratories and at Foster
Wheeler, These technical visits . e listed in Table I with the date of the
visit and list of persons int.-vin e,

Each instrumentation need found during these technical visits or from a
search of the technical literature was recordsad 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 wae 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 fn pilot plants, ANL engaged Fluor Pioneer, Inc., a
Chicago-based engineering firm with many vears 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 (CCED, SRC,
HYGAS, CO, 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 Ploneer
study,

4,0 CONCLUSIONS

The findings of the ANL and Fluor I'ioneer studies are in agreement. Over
202 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, thera are
up to three rather distinct groupings within which the parameters to bas
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 inutrument diagrams for the
COED, SRC, HYGAS, CO, Accentor, and Synthane pilot plants, 4,569 inatruments



TABLE U, Technical Visits by ANL Instrumentation Staff

Location Date Persons Interviewed
Conversion
Pitteburgh Energy 2=7=74 Bart Forasy, Stan Casier,
Ressarch Center Murray Weintraub, Joe Mimsy
(Synthane, Synthetl,
Hydrane)
*COED 10=5-74 Louis J, Scotti,
Princeton, A, J. Haig D, Terzian
*HYGAS 11=8=74 Frank C, Schora, John W,
Chicago, Ill, Loeding, Jack Huebler,
Bill Bair
*CG, Accaptor 11-22=74 Prank Fink, Irl Zuber,
Rapid Ciey, §.D, Chet Krcil, Marion Vardsmon,
David Clasar, Phi) Boland,
Prank Plut, Frank Batug,
Tarry Towers
C. F. Braun Co, 1=31=-7% Richard Howell, Robert
Alhambra, Calif, Stalnaker, Charies Chao
Pittedbursh Enerpgy =18-73% E. O, Curtiss, Jr., Dale
Research Center Mackey, Dusne Runnels,
{Synthana, Synthoil) MNurray Veintravd
*SEC 6=11-7% Robert Sperhac, Joseph
FT. Lewis, Vash, Maylor, Andrew Danhof,
Robart Custer, Russ
Perrusse], David Schmalzer
Ralph M. Parsons Co. 10=9=7% Andrev Bela, Frank Glemn,
Pasadena, Callf, Eupene Pastrick, George llervey
Cospustjon
Argonne Nations] Lab, Coot inuing Al Jomke, Ervin Carls,
Chicago, Iliinole Walt Podolski, John Vogel,
8ill swife
*Sxzon Research & Eng, =12-7% Dr. Ron NWoke, Melvyn Nuthis,
Lindea, N.J, Ray Yaa Sweringer
*Combustion Power Co. 10=10-7% Michasl O'Hagan, Gordom Wade,
Mem]o Park, Calit. Roast Jachsom, Heory Wigtoa
Iastryneatatics
Morgantowm Enargy =1%=T Dr. Villien Echard, kobert
Research Canter F. Stewert, L., Uayne Shuch,
Weil Coates
Lavrence Liverwore =373 Jach Salisbury, Clarence
Laboratory Calder, Ray Cornel)
Tha Fosboro Compamy =130 Robert Shav, Joha Bermard,

Pozboro, Mass,

Charleos Cooper, Cal Vataon,
Dr. lemme Vigaoa, Or. Peter
Helrae

Plants vith operstiag enperience.



wvere considered., Over 902 of these instrumente 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-
ments reviewed in the Fluor Pioneer study, divided into instruments consjidered
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 11, Mixed phase mass flow needs fall into three categeories: dense
phasc solids mass flow, dilute phasc solids mass flow, and dirty gas flow
(entrained solids mass flow), Composition monitoring deficiencies occur for:
carbon, hydrogen, oxygen, sulfur, and ash content of sclids and liquids in
streams and vessels; elemental corponents such as sulfur, metals, and alkalis
in gas streams; and molecular components of gas streams. Level detection {e
needed for oil/water interfaces aad must be improved for fluidized bed
haights., Detection of tempersture 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 sclved, Appendix A contains details of the
conditions vhere instruments are needed {n the indiviiual plants.

4,2.1 Mixed Phase Mags Flow Rutes

Continuous monitoring of mass flow in the process streams of
sodem coal gasification, liquefaction, and fluidized-bed combuation systems
i{s essential for procesa control. Such measurements are made difficult in
process streams of solids mixed with [luids by the corrosive and rorasive
nature of the streams as well as by their high temperatures and. .r pressures,
In addition, the velocity profile in o muliicomponent flow 1s 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 muss flow is required as well as & separate
determination of the solid fraction,

Flovmmters which rely on difterential pressure measurements (e.g.,
orifice and Venturi meters) are unsatisfactory because of plugging of the
pressure taps., Flovmsters which have cbetructions in the flow stream (e.g.
orifice, targat, turbine wmeters) are subject to excesaive abrasion.

Mixed phase (solids mixed with {luide) mass flow rate instrumen-
tation is the most seriocus fnstrumsntation need in the pilot plants and
process development units visited by ANL, Only in stmospheric fluidized-bed
combustion systems is lack of instrumentation to measurs another variable
(bed temperature) more critical.

4,2.1,1 Dense Phage Solids Maps Flow

This flow system occurs vhen crushed coal is slurried
with oil or wvater for injection at high pressure into a conversion system or
wvhen solid material flows through a standleg to fall through a constriction
into a vessel or fnto a pneumatic transport system, The solids density is
liadted by contact betveen the particles, The msasurement is needed for
process coatrol with high to very high priority rating.
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TABLE 11, ANL Survey of Instrumentation Deficiencies®
p T Particle
max max Density Composition Size

Process Value (psip) (°F)  (1b/fe3) (% = % vol) max (rm)
Dense phase solids mass flow
Gasification 1-10 ft/sec 1500 3000 25=70 >307 char 6
Liquefaction 1-5 ft/sec 4500 2000 20-70 >33% char 3
FBC 3=4 ft/sec 150 1500 35-45 >40% char 3

100 507 alumina
Summary 1-10 ft/sec 4500 3000 25-1C0 30-507 solids 6
Dilute phase nolids mass flow
Gasification 3-10 ft/sec 1500 1800 6=15 10=25% 0.25
Liquefaction ~40 ft/sec 15-25 1600 nl 1-2% 3
FBC 3-70 ft/sec 150 1500 ~1 1-27 char/dolo.l 6
14~60 8-1307 dolomite

Summary 3-70 ft/sec 1500 18600 1-60 1-30% solids 6
Dirty gas flow - entrained solids wass flow
Gasification <10 grains/scf 1000 2000 <1% char/ash 0.06
FBC 0.1-2 gr/acf 150 1600 <1” c¢har/ash 0,01
Summaty <10 grains/scf 4500 2000 <17 solids 0.06
C, H, 0, §, ash content of streams and vessels
Gasification 0,1-907 wt 1500 3000 1-100 char/ash/ 6
Liquefaction 0.1=-907 we 4500 2000 20=70 oll/ 3
FBC 0.1-907 wt 150 1500 35=-100 limestone k|
Summary 0.1-90" wt 45G0 3000 1-100 A

Elements in gas streams

Gasification - metal and § to methanation in ppm range
FBC - alkali metals to turbines in ppb range

Molecular composition of gas streams

1,1:1,0:0,98

co, c0,,50,,
§04,H0" ,CH,,
HCl,0,3H,,
cos,H,

heavy oil:water:light oil

Casification >0,1Y7 wt 1500 3000
Liquefaction >0,17 wt 4500 2000
FBC >0.12 wt 150 500
Summary 0,12 wt 4500 3000
Level of oll/water fnterface

Convers.on 1500 500
Fluidized bed levels and densities

Summary 1.5=15 ft 1500 3000
Temperatures in reactors {(reducing) and combustors
Summary 156:0=-3000°F 1500 3n00
Tomperature o vessel walls (hot lgotnz
Summary >700°F 0

oxidizin

4,50% molids

(rapid response)

“Append!x A contains detalls of the locations and conditionk where there measurements

are needad,




This need was expressed by staff of the HYGAS plant for
two points in the process, CO, 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
gystems, The parameters given are those which are expected to b~ most simi-
lar in pilot scale systems and commercigl 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 pilet scale system,

4.,2.,1,2 Dilute Phase Solids Mass Flow

This flow system uscally 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 so0lids mass flow was given as a serious
need by staff at the HYGAS plant fer 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 1s extremely important for protection of turbines in a pressurized
fluidizec~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 CO, 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 IT gives conditions encountered where these meas-
urements are needed, Particle aizes are generally less than a few tens of
micrometers, and the loading is usually less than 10 grains per standard
cubic foot of gas,



4.,2,2 On=Line Composition Monitoring

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 materlial, Refer to Table II for conditions.

4.,2,2.1 €, H, 0, 5, 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 cowbustion 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, 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 fer
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 general need in this category is for
monitoring of environmentally-harmful trace elements in effluent gases from
theae processes,

442,2,3 Molecular Composition of Gas Streams

Me asurement 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 chromatographs,



infrared, polarographic analyzers) can measure the concentrations of the
molecules of interest, they all require cocling, 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 18 "nothing close to being acceptable” in the area of gas analysis,
This was given as a problem at the CO, Acceptor plant, CCED, SRC, and as
well ag 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 fg for improved instru-
mentation to monitor fluidized-bed heights,

4.2.3.1 Level of 0il/Water Interfaces

Many of the conversion processes include a step where
o0il and warir 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 o0il 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 paramecers,

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

4,2,3,2 Fluidized-Bed Lavels 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 lavels and densities are usually
inferred from measuremsnt 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 tc allow prediction of dif-
ferential pressure readings for given conditions within the bed, but it is
possible to find reliasble correlations between readings and bed conditions by
expsriment on a given system, The biggest problem with the differential
pressure technique of fluidized-bed level detection occurs becsuse of plug~
ging of the pressure taps,

Th’s problem s considered to be of medium priority since
the press':re taps can be designed to allow rodding out in the event of plug-
ging, as han been done at the CO; Acceptor plant. However, the development
of a differential pressure tachnique which is not subject to plugging or the
davelopment of a completely different method for monitoring the bed heights
would be highly destrable according to staff at HYGAS, COED, ANL, Exxon,
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Combustion Power, cnd 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 {s 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 Combustcrs

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 termperature 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 unleass 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
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on-line viscosity measurement, but have not yet tested available instruments.
It i8s 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 atility 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,  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-
t.rol schemes for automatic control, Work on this problem 1s 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 paranmeters 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
erogive and corrosive conditions and which can seat securely in the presence
of ground coa.!, char, or ash against high pressure differentials are not
available, There is a serious need for development of control valves of
sufficlent 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 piant had already been worked on and
solved, at least partially, at another plant. Some areas where this has been
apparent are tenperature 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-
bad combustion processes if the people involved were fully aware of work on
conmon problems being done at other plants,

4,4 Search for Available Altermative 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 meaasurements, but which have not yet been tested in present
small-scale coal plants, A small number of {nstruments were found which may
be able to meet some of Lhe deficlancies 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
accurancy of about 17 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 in‘ection to the gasifier, The HYCAS process usually
slurries the coal with oil, in which case the electromagnetic flowmeter will
not work,

Thermal Instrumen: 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
systems. 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 preumatic transport or in dirty gas
flow cannot be measured by this technique,

4,4,2 Alternative Instruments for Composition

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-
8is, 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 mesec per gas, accuracy 1.5% of reading, and range of 1 ppm
to 100!-

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

e
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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 1s 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 ip large-scalc 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 1s above the li-
quid, but probably would not be able tc detect fluidized bed levels, They
cannot, as stated in Section 4.2,3.1, detect oil/water interfaces,

4.,46.,4 Alternative Instruments for Temperature

A device suitable for monitoring temperature increases of pipes
and vessel walls is a continuous thermistor avallable 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 ultravioclot
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 walla., A
likely scheme would be the installation of the thermistor stripa 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 18 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 averape speed of travel along the pipe of particles in the medium 1is
given by v (ft/sec), then the mass flow through a pipe of cross section of
area A(ft?) is given by pvA (lbs/sec). Several of the techniques described
below are based on measurement of quantities which depend on pv? or v rather
than the product pv,., In these cares, a second measurement =- usually of p =~
can be combined electronically with the firat to pive a computed value of pvA,
the maas {low,
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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 yleld dimensionally-
related quantities such as the velocity of the medium, v (ft/sec), the velo-
city of sound in the medium, ¢ (ft/sec), the Mach number (v/c), and the acous-
tic impedance pc(lb/ftZsec).3** 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 direcct product psv,
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 catepories, some
attention to basic recurring acoustic properties of material systems iIs 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 ¢ = Jigg'where k 18 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 applving
different methods of measurement to the three categories. Refraction follows
Snell's law, c¢;/8in®; = c,/s8in0,, as in optics. Transmission and reflection
at boundaries follow the usual impedance relations which at normal incidence
glve T = & 72,2,/(Z) + Zz) and R = (7 - 7,) /(71 + 7 ), respectively, where
Zy = pyc) and Zp = Pyc; are the acoustic impedances.

These relationships hold in gases and 1iquids, in which
only dilatational acoustic waves can propagate, In salids the concepts must
be extended to account for cther modes, principally shear waves. The latter
are used to advantage in some commercial clamp-on type ultrasonic flowmeters,
The advantages come in terms of {mproved refractive anple (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 larpe 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 mensurements where two
phases exist,

Fluid flow speed can be determined by several active
(1.e., havinp a tranamitter) acoustic/ultrasonic methods: (3}) Differences
in time for propapation of sound over a fixed distance with and against fluid
flow, (2) Dopplnar ahift 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 beam 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 oun the acoustic wave propogation, the
natural period of the forward loop t; = L/(c + vcos®) is less than that of
the backward loop, t; = L/(c = vcos®)., (c is the speed of sound in the flow-
ing medium.) A beat frequency Af = (1/t;) = (1/t;) = (2vcos®) /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 recelvers placed across the
plpe 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
redium and to reduce interference due to pipe-fluid interface effects.

An existing commercial device known as the "clampitron"?
utilizes a direct time-of=-flight measurement and can be strapped to the out=-
aide 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
sufffcient 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 genercted
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 atream 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 "absnlute” traneit time flowmeters just discussed, an acoustic
noige device must be independently calibrated.

Acoustic noise techniques may also be applied to the
detection of leaks. Leaks as small aes 0.1 cc/sec may be detectable by acous-
tic emission sensors.® Thim technique may be applicable to monitoring leaks
of critical valvas in the coal convarsion plants,

An acoustic receiver may be used simply to detect a
change from normal operating conditiona, Crude noise level devices of this
kind are in use at the Synthane gasification plant at Bruceton, Pennsylvania
and at the Exxon fluidized-bed combustion miniplant at Linden, New Jeraey.
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Devices which are based on the concept of acoustic noise
proportional to turbulent flow are now commercially available for moderate
temperaturea up to 300°F,7 Acoustic emission signals over a large, frequency
range (0=-200 kHz) s a function of flow of liguid sodium coolant at EBR-1I
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, vie or v/ic?
2 Reflection (Doppler Scatter) Frequency Shift vic
k| Beam Drift Drift Distance or Angle v/c¢
4 Nolse 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.,10 and Karplus.ll Using lithium niobate piezoelectric crystals, 304
stainless steel housings, and high temperature cables, they have achicved
extended opaeration 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-
bste 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 applicabilitcy
up to 8% solids. The limitations are based on loss of transmitted signal due
to scattering and abaorption by the solids suspended in the slurry. Since
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these svstems were designed for pure fluids, the transducer frequencies may

be higher than necessary. Thus one of the areas to be explored for slurries
18 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 bised on particle 1mpingement.“

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 inefficlent, 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
flowo

Development of acoustic transducers for specific appli-
cations at high temperature and/or high pressure would be required, based on
existing ANL technology.l0,!! .

The comhination most likely to succeed is a passive
noise type ultrasonic fiowmeter coupled with a dielectric constant or gamma
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 oll causes severe attenuation,
However, low frequency clamp-on transducers appear to make transmission type
ultrusonic flowmeters possible for velocity measurement in this requirement.
In order to sssess the feasibility and obtain transducer design parameters,
experimants sre 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 ane
survival at temperatures above 1200°F (700°C).

Passive ultrasonic flowmeters and non-acoustic density
netars rapresent a fallback approach to slurry mass flow measuremant.

Feasibility for Dilute Phase Solid/Gas Flow

Velocity measurement using a low=frequency transmission
type ultrasonic flovmeter measuring phase difference may be feasible for



18

cases in which attenuation due to particulates and/or long path is not exces-
sive, Tests of transducer operation and survival are needed in the tempara-
ture range 12C00-1500°F (700-800°C). Because of impedance mismatch between
transducer and the gas, 1t is difficult to transmit and receive acoustic wvaves
via gas and special attention to transducer desipgn is needed.

Paseive, noise-sensing-type ultrasonic flowneters are
feasible,

Doppler=-type frequency-shifted reflection ultresonic
flovmsters do not appear feasible. Since the velocity measure is based on
raflection from particles for vhich there vill be a velocity dintribution with
particle size and type (different materials), an ambipguous result is likely,
Also, the combinstion of low velocitias vith lov frequencies make the Doppler
shift emall. Hence, this method is considered to have a lower likalihood of
vorking for this requiremant than the transmission or passive types.

Ulcrasonic measuremsent of density via acoustic impedance
is not considered feasible.

Feasibility for Cas-Entrained Particles Flot

Application of active ultrasonic flow and impedance
osasurement to this renuirement does not appear feasible vith exiating tech-
nology, principally because the large density ratio and corresponding imped-
ance snismatch leads to inefficient coupling of acoustic/ultrasonic waves into
the gas.

A pasaive acoustic technique is promising as a very
sisple means of getting information on number of particles (by {requency of
fwpact) and sfze distributfon (by violence of fmpact).

4,5.1,2 Capacitive Density

Unless a flovmeter measures mass flov directly (vhich is
the case for only thermal and angular momentum flovmeteors), a separate neas-
urement, most commonly of density, is needed in order to compute the mans
flow,

Background

Conceptually, the insertion of any material between the
plates of & gas-filled capacitor vill (ncrease the measured capscitance. Por
e dilute concentration of homogeneous particles, vhether metallic, semi-
conductor, or dielectric (insulator) material suspended in a low dielectric
nediun (gas or plastic foam), the chanpge {n capacitance vill be proportional
to the concentration of particles in the field of the capacitor; hence, pro-
port.onal to the maas or deneity, Such a system night be succesaful for
#0lide density measuremsnts in a coal or char in gas line or coal/vater slurry
line vhere the effect of the solid particles on capacitance is very diffevent
from the effect of the vehicle medium, A device based on this principle ie
under development at Oak Ridge National Ladboratory for donru'alng relative
smounts of two liquids having different dielectric constants,.'’?
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Feasibilit

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 s 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

Theare ore two basic methods by which radiocactivity in
the flowving 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
strean. In the first method, the radioactivity is confined to a small region
in the floving 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 radiocactivity 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 tn travel between the two detectors, With the
time calculated, the speed can be found using the known distance.

Feasibilit

The radiocactivity may be introduced by putting pellets
containing a long lived activity into the atream 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
ssconds half-1ife) at o constant rate. If a ssall enough amount of radio-
activity with a short enough half-1life could be used, the amount of radio-
activity exiting the process could be kept negligible, according to a study
by a Polish |roup.l’ An interesting {eature of this study is thact distinct
peaks related to the different flowspeeds of the coarse and fine grained
fractions and of the vater are observed.

Radiocactivity 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 radiocactive
upon absorption of a neutron and decays with a 2.3 minute half life, emitting
a 1,78 MeV gamma ray., There are a number of other possibilities among sle-
aents naturally present in coal, It would also be possible to add traces of
a substance wvhich would not affect the process L:ut which would be readily
activated by neutron bombardment.
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Neutron activation was used by Boswell and Piercel to
measure the flow speed of liquids, solids, and slurries by countcing the in-
duced radioactivity formed in the moving material as a result of 1irradiation,
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 ¢pposite side. The radicactivity 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.!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, 18 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
In 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 1is 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
gample is comparable in magnitude to the attenuation of gammas of similar
energies, It may be possible to devise a density pauge based on attenuaticn
of neutrons from a neutron source.

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

determination,

These methods of density measurement are expected to
work both for dense phase solids flow and dilute phase solide flow streams,



4,5.1.5 Noilse 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 Iif 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 show 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,16 Ashton and Bentley,!”7 and
by Boonstoppel, Veltman, and Vergouwen, The requirements of long measure-
ment time and complicated computing equipment have been sericus disadvantages
of this method, although the last-mentioned group appears to have reduced
these problems, The first two groups viewed the method primarilvy as an
accurate means of checkinp the calibration of existing flowmeters in their
natural environments.

An ultrasonic cross-correlation flowmeter is being
developed at Canadian General Electric.!® It will have the same limitations
with respect to attenuation and “emperature as the acoustic/ultrasonic flow-
meters (4.5.1.1). Accuracies are expected to be 1 to 27 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
yileld 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 porticn of the flowing medium or a parti-
cle suspended in it 1is recognized at an upstream point, often by virtue of
an artificlally imprecsed tag, and 1ts progress downstream is monitored. The
flowrate may be determined from a measurement of the transit rime as in the
particle or pulse tracking technique or from a measurement of cencentration
or radiogctivity 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 1s 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 dovnstream 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 bufldup 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 flowmeter?? 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 coll is adjusted to glve Zero output voltage when there i{s 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 flowmeter was developed at ANL for measuring
flow of liquid sodium at temperatures too high for electromagnetic flowmeters.
It is marketed by Kaman Nuclear,

Feasibilit

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 conductiug
will have to be determined.

This technique is feasible for measurement of rflow in tic
KYGAS 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 deteccors, such as photographic film, yielding
ahadowgraphs21 or holograms, depending upon the optical configuration. The
usual mode of particle detection using a holographic system has of necesaity



23

employed pulsed lasers. The resulting static holographic i{mage can be dis-
played continuously by using a visible spectrum continuous wave {(cv) laser in
the ‘{mags reconstruction process,

The dissdvantege to thin system is that it {s not real
time snd requires a dark-room region vhen making the inftial exposure to asvoid
fogging the film, The advantage is that the hologram records the entire depth
of fiald allowing th. reconstructed image to ba scanned for both in-plane size
end depth of field distribution (assuming the coharence length of the laser is
sufficient to cover the depth of ffeld; typical coherence lengths are in ex-
cess of 1 metar), What {s needed 1is a .cal time system wvhich wvould possess all
the desirable features of the static hologram.

The recently-developed lystcuz’ has been described which
1s an initial attemp. . neet this need. Shadows cast by the light from a
rapidly firing (60 pulses per second) ultraviolet laser are received on a UV
sansitive vidicon camara. The camera output is coupled to both a videotape
deck and a television recaiver. The videstape recording allows the dynamic
sction to be vieved at & later time at a slower rate or in stop action, The
system developed employs a variable focusing mechanisa vhich allows the plane
of viev through the flow field depth to be varied. The fundamental lack of
this systenm is that the dapth of field cannot be tade available at an instant
in time and thus a time dependent action in a cyclone could possibly be missed.
A repidly 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 vould automatically process the film, in fixed segments, would
yield an almost real time syster (approximately 15 minutes delay) with full
depth of field. Rapidly moving holographic film transport mechanisms have
been demor:-trated for holographic movies, The developmant 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 radistion produced by inhouogeneiiies in a moving fluid has
been applied in recent years to the measurement of flow. An experimental
flowvmeter based on the Doppler shift of microwave radiation has been used to
ceasure the motion of s suspension of polystyrene beads in water.?? Such a
device would not have sulficient spatial resolution to be useful in monitoring
particle motion in the asrcsol from a cyclone and would be less 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 cthe laser Doppler velociultnr.2“ a laser beam is
focused into the spot at which the flow is to be investigated. Most of the
incident bram 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 throvih 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 wmade a real time sys-
tem more €asily than can the luser-imaging method, but it cannot be used to
determine particle size.



24

Recent work by engineers at Environmental Systems Cor=~
porationzs has shown that scattered "ight 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 atack gas particulates,

Feagibility

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
tewperatures 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-
pante 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 GCamma 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
gang rays —=- usually in the neighborhood of 3 to 8 MeV (1 MeV = 1,602 x
10~*7 Joules), Each element has a unique set of gamma ray energies
emitted upon capture of a neutron., Therefore a knowledge of the appropriate
characteriscic 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
gampa 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
low’r state of that same nucleus (a process which typically occurs within
1015 gec) 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 nucleil of that ele-
ment in the sample, The number of neutrons absorbed in an element is propor-
tional to the neutron absorption cross se: tion o The number of gamma rays
emitted 18 given in published tables of I,{26~ 28} 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 zlass 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
give7 relative expected gamma ray emission from a sample can be formulated as
ol W/A,

Feasibility for Measurement of C,H,0,S, and Ash Content
of Streams and Vessels

A recent report by the Illincis State Geological Survey29
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, gallfum, 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 energieca, and
regponse 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 1s 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 ig 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 neutrnn energy of 2 MeV.3% sutrons 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 252¢f gource and a
14 MeV neutron generator,S1s33 Sulfur, silicon, iron, hydrogen, and carbon
have been observed, However, there are many interferences among elements of
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TABLE IV, Predicted Response of Elements in
Coal at Mean Concentration to Neutron Capture
Camma Technique

Gamna Energy Respons2 Index
Element (MeV) (Arbitrary Units)
Hydrogen 2,223 163
Boron 1,889 0,980
Carbon 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
2,93 0.840
3.221 1,018
5.420 2,220
*Chlorine 1,951 2,759
6,111 2.03¢8
6,620 1.291
7.414 1,100
Calcium 1.943 0,434
6.420 0,232
Titanium 1,321 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 piven,
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interest which are not easily resclved when using a codium iodide gamma
detector (as the above experiments did) because of its poor resolution.

Preliminary studies at ANL?“ using a high resclution
lithium-drifted germanium detector indicate that the various peaks can be
resolved and unambiguous determinatfon made of hydrogen, carbon, sulfur,
gilicon, iron, aluminum, and calcium,

Neutron activation analysis has proved tc be extremely
valuable for the detection of trace elements,35 but it involves the irradi-
ation (or activation) of a sample for a period of time follcwed by a period of
counting of the gamma rays from the decay=-product nuclsi. This counting is
usually done in a different location from the irvadiation to reduce background
in the detector, Because the original energy has Leen partly carrfed 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-monitcring system for material within a heavy pipe.
An exception 1s 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 MeV 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 must 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 behind 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 i3 referred to &s
an activation process, In many reactions, there is a minimum (threshold)
neutron energy required,

Feasibility for Measurement of C,H,0,S, and Ash Content
of Streams and Vessels

Reasonably small, movable sources of 14 MeV neutrons are
commercially available.36 These operate bg accelerating deuterons (%H nuclet)
onto a tritium (3H) targets The reaction 2H + 3H + “He + n + 17,6 MeV occurs,
The neutron carries away 14 MeV of the 17,6 MeV released.
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Inelastic scattering of neutrons from !4C and 160 may
be useful for coal analysis, The 4,43 MeV gamma from the first excited state
of 12C could be triggered by neutrons of energies abcve 4,80 MeV; the
6.05 MaV gamma from the 180 fi{rst excited state could be triggered by neu-
trone of energies above 6,43 MeV, The scattered neutrcns from these and other
nuclei in the sample would be subject to capture as they thermalized just as
the neutrons from a 232Cf source so that the neutron capture gamma analysis
would be possible for the 14 MeV generator,

The reaction n + 160 » p+ 16N with a threshold at a
neutron energy of 10 24 MeV is a very useful and sensitive method for detection
of oxygen, 377 The 16n 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 procees streams by automatic sampling.aa and its
feasivility for on=line continuous oxygen monitoring of moving streams has been
demonstrated.’® Ihe possibility of using this activity in flow measurement
(see Section 4,1,1) also exists,

The advantages of the 14 MeV generator over the 252¢f
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 avallable which eliminate handling
of the tritium targets by plant personnel,

4.5,3 New Techniques for Level Measurement

6.5.3.1 M

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 intertace 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 interfacee gave easily detectable reflections from the interface.

Non-penetrating high temperature ulttaaonic transducers
based on current Argonne National Laboratory technology 10»31 oan 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,
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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 Heighta

Fluidized bed reactors rrpresent 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 attemptse to establish feasibilicy,

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 1200°F (700°C) at the transducer
location will require study and possible transducer development,

4,5,3,2 Clectrical 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 transwmission in the redia 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 feasibilitg of this technique for fluidized bed height measurement
on small systems.3 Further wotrk is needed to determine if the accuracy
obtainable in larpe scale fluidized beds is satisfactory,

The electrical TDR technique is feasible for determina-
tion of liquid/gas levels and is likely to work for nil/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,

Feasibilit

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 Technigques 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: ¢ = J§7;, k = relevant modulus, p = density. Thus,
if a wire containing sharp acoustic impedance changes is pulsed with properly
selected acoustiec 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 g 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 ,.arameter
of the importance. It should be poluted out there that it is not just the
simple temperature coefficient of expanaion making the wire longer, that
glves 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 5757°F
(3180°c) .40

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."!

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 i¢ desired. One of the more important environmental condi-
tions 15 temperature, The range of materials that can be used at lower
tenperatures is fairly wide but becomes more restrictive as the temperature
increases, Selections from available materials might include the following:
aluminum (to 1G00°F or 540°C), stainless stcel (to 2000°F or 1100°C), sapphire
(to 3000°F or 1650°C), iridium (to 4000°F or 2200°C)., Other refractory metals
useful from 4000°F (2200°C) to 6000°F (3300°C) 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, ercsion, 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-
couplea, A distinct advantage of the use of acoustic techniques over the use
of thermocouples is that the electrical insulation considerations neaded 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, atc., which are functions of size and shape. Some of the con-
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.

¢. Mode conversion of the acoustic energy is
related to size and shape. That {s shear, longitudinal and Rayleigh waves
can be irreversibly and inadvertently interchanged causing loss of signal or
severe arrors 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 transmissefon media; to sccomplish
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 sagnetortrictive devicas wvhich can usually be used as both
transnitters and receivers. Other principles of operation include mechanical
impact or explosrive devices as pulse generators and seismic or accelerometer
devices as receivers., Magnetrostrictive transducers are the principal devices
that have bsan used in the pulsing of thin wires used for TDR measurement of
taspersture., An electromagnetic radio frequency (RF) pulse applied to the
magnetostrictive transducer fnduces an acoustic signal of the sams frequency
in the wire, The principal advantage of this type device is its ruggedness
and capability of producing high powered pulses. In general, piezoslectric
transducers convert alectric 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 piezoslectric material is dependent on the frequency of the sig-
nal, structure of the piezoelectric material and construction of the trans-
ducor, For more general treatment of piezoelectric transducer design and
operation, standard texts and references on piezoele~tric and ferroelectric
transducer materiale and design should be consulted.

In general, electrodynamic and electrostatic devices
have not been used in high frequency (50 kHz to 5 MHz) TDR measurements
involving solids. The mechanical {mpact and explosive devices are usually
used to create low frequency acouvtic signals which are then monitored by
seiexic or accelerometer devices,

There exists another possiblt measuremant technique
vhich can be used in conjunction with acoustic TDR for monitoring temperature
but the accuracy, rapeatability, and reliability are not usually as good as
time base meassurements, The measurement basis of tle mathod relies on mori-
toring and comparing the amplitude of the return scloes to determine the eig-
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 attenus-
tion technique in conjunction with the normal time tase 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, requirirng multiple leads
and averaging are necessary as {s 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 maxioum limits of 20 to 30 ft oL the transducer so
the selection would have tc 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,
frequancy, and the accuracy to which the temperature can be related to the
aspeed of sound, Accuracies of 12 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 cbtained across a flow channel containing a mixture of coal-
oil slurry and gas or along the inside or outaide 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 rhenium, when using the ultrasonic thin
wire tachnique, 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 proceassing without encapsulation in a sheath, For some materials it
may be possible to weld (or seal) the thin wire directly into or through the
wvall of the pressure vessel for leak tightness and then activate the sensor
by an external transducer to asccomplish the temperature measurement.

5.0 RECOMMENDATIONS

In order to make automatic control of large-scale coal gasification,
liquefaction, and fluidized-bed combustion possaible, {t will be necessary te
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 schemres
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 1is necessary to have available representative flow systems for which the
flow rates and makeup of the stream are known and controllable. In order to
ockup up all the situations for which flow measurements are needed, it will
be necessary to construrt two circulating loops: a solid/gas loop and a
solid/liquid lnop. 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 lepg (dilute, actually able to approach dense, phase
solids mass flow), and the solids line to the pneumatic pickup (dense phase
golids mass flow). The gas flow could be controlled by the pump and measured
by an orifice or thermal flowmeter and the solid flcw 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 locp in which the
solid/liquid mixture is pumped from a mixing tank by a positive displacement
pump throupgh 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, etec.), 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 Monitors

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 Sectien
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 1s $1.1 miilion.

5.4 Tenperature 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 1s 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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Valve Development

VYalves 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 Infurmation 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,

3.

b,

5.

7e
8.

10.

11,

12,

6.0 REFERENCES

Optimization cf Coal Gasification Processeg, R & D Report No. 66 -
Interim Report No, 2, West Virginia University, (April 1973),

T. Hadeishi, D. A, Church, R. D, MclLaughlin, B. D. Zak, and M. Nakamura,
Lawrence Berkeley Laboratory Report, LBL-1593,

L. C. Lymnworth, Industrial Applications of Ultrasound - A Review, II.
Measurements, Tecte, and Process Control Using Low-Inteneity Ultrasound,
IEEE Transactions on Soniecs and Ultrasonics, Vol, SU-22, No., 2, pp. 71-
101 (March 1975),

B, G. Liptak and R. K., Kaminski, Instrumentation Technology, pp. 49-59
(September 1974).

S. J. Bailey, Single Ultrasonie Bean Measurcs Liquid Flow, Control
Engineering, p. 53 (December 1974),

4, CGreen, General Manager, Acoustic Emission Technology Corporaticn,
private commmication,

Instrument Technology, pp. 49=59, (September 1974).

T. T. Anderson, A. P, Gavin, and J, P. Bodis, Acoustic Measurements in
the EBR-II Reaetor Primary Sodium Tank, IEEE Trans. on Nuclear Science,
NS-22, 671 (1975).

L, D, Mullins, W. F, Baldwin, P, M. Berry, How Detectors Measure Flow-
line Sand, The 01l and Gas Journal, p. 101, (February 3, 1975).

A, P, Gavin, T. T, Anderson, and J. R. Janicek, Sodiwn Immersible High
Temperature Microphone Design Deseription, Technical Memo, ANL-CT=-75-30,
NTIS §9,75,

H. B. Karplus, Ultrasonie Transducer, Patent Applicatiocu, ERDA File
No. S&é4,342,

Leon Klatt, Oak Ridge National Laboratory, Personal communication (1976).



37

13, K. Przewlocki and P, Nizegorodcew, Fadiometric Measurements of Hydro-
Transport in Industrial Pipe-Lines, LaHouille Blanche 28, 59 (1973),

14, C, R, Boswell and T, B. Pierce, Flowrate Determination by Neutron Acti-
vation Analystis, from Modern Developments in Flow Measurement, p., 264,
ed, G, C, Clayton, publ, by Peter Peregrinus, Ltd,, London (1971),

15, Nuclear Chicago, Industrial Nucleonics, Kay-Ray, Ohmart, Robertshaw,
etc.

16, R, L. Randall, Flow Measurements Using Noise Analyeis Techniques,
NAA~SR-MEMO-9787, (1964),

17. M, W. Ashton and F. G, Bentley, Design Study for On-Line Flow Measurement
by Traneit Time Analysic of Temperature Fluctuations, Conference on
Industrial Measurement Techniques for On-Line Computers, June 11-13, 1968,
London, p. 125 of conference proceedings.

18, F,. Boonstoppel, B. Veltman and F. Vergouwen, The Measurement cf Flow by
Crogs-Correlation Techniques, Conference on Industrial Measurement
Techniques for On~Line Computers, June 11~13, 1968, London, p. 110 of
conference proceedings.

19, R. S. Flemons, Special Instrumentation Engineer, Canadian General Elec-
tric Company Limited, Personal communication (1975),

20, D. W, Wiegand, The Eddy Current Flowmeter, ANL-7554 (1969),

21, V., L, Streeter, Fluid Mechanier, 4th Ed., pp. 413=416, McGraw-Hill,
New York (1966).

22, W, G, Hyzer, Particle Measurement, Research/Development, p. 50, (April
1975).

23, R. L, Parker and F, N, Huffman, A Microwave Doppler Flowmeter, from
Flow, Its Measurement and Control in Science and Industry, p. 999, ed.
by R. B, Dowdell, publ, by Instr. Soc. of America, Pittsburgh (1974),

24, P, D, Iten and J. Mastner, A Laser Doppler Velocimeter Offering High
Spatial and Temporal Resolution, from Flow, Its Measurement and Con-
trol in Science and Industry, p., 1007, ed, by R. B. Dowdell, publ. by
Instr, Soc. of America, Pittsburgh (1974),

25. F, M. Shofner, G, Kreikenbaum, H, W. Schmitt, and B, E. Barmhart,
In=Sttu, Continuous Measurement of Particulate Size Distribution and
Mass Concentration Using Electro-Cptical Instrumentation, presented at
The Fifth Annual Industrial Air Pollution Control Conference, Knoxville,
Tenn, (April 3-4, 1975).

26, D, Duffey, A, El-Kady, and F, Sentfle, Analytical Sensitivities and
Energies of Thermal-Neutron-Capture Gamma Rays, Nuclear Instruments and
Methods, 80, No, 1, pp. 149=171 (1970).



27,

28,

29,

30,

i1.

32,

33,

34,

35,

36,

37,

38.

39,

38

F, E, Sentfle, H. D. Moore, D. B, Leep, A, El-~Kady, and D, Duffey,
Analytical Sengitivities and Energies of Thermal Neutron Capture Gamma
Rays II, Nuclear Instruments and Methods, 93, pp. 425-459 (1971).

V. J. Orphan, N, C, Rasmussen, and T, L, Harper, Line and Continuum
Gamma=Ray Yields from Thermal Neutron Capture in 75 Elements, Gulf
General Atomic Report GA=10248 (July 31, 1970).

R. R. Ruch, H, J. Gluskoter, and N, F, Shimp, Occurrence and Distribu~
tion of Potentiqlly Volatile Trace Elements in Coal: A Final Report,
Illinodls State Geological Survey Environmental GCeoiogy Notss EGN 72
(August 1974).

Neutron Sources and Applications, Proceedings of the American Nuclear
Society National Topical Meeting, April 19-21, 1971, Aupgusta, Georgla,
Savannah River Laboratory Report CONF~710402, 3 Volumes (August 1971).

R. F. Stewart, A. W. Hall, J, W. Martin, W. L, Farrior, and A, M. Poston,
Nuelear Meter for Monitoring the Sulfur Content of Coal Streams, Bureau
of Mines Technical Progress Report 74 (January 1974),

Daniel R, Parsignault, Henry H, Wilson, R. Mineski, and S. L, Blatt,

A Prompt Gamma-Ray Coal Analysis System, Proc. ANS National Topical
Conference on Neutron Sources and Applications, Augusta, Georgla, April
19-21, 1971, NTIS CONF-710402, Vol. III, pp. IV=40 - IV-46 (August 1971).

C. Varren Parker, Jr.,, Troy C. Martin, Kenneth R. Blake, and Ira L.
Morgan, Continuous Nuclear Analysie of Bulk Material, Materials Evalua=
tion, pp. 214-220 (September 1967).

Nancy 0'Fallon, Dick Duffey, and P. F. Wiggins, Use of Microgram %52Cf
Sourees for Capture Gamma Ray Spectral Standards for Ccal Analysis,
Bulletin of the American Physical Society, Series IT1, Volume 21, No. 1,
p. 109, Abstract of a paper given at the APS meeting, New York, New York
(January 1976).

Advances in Activation Analysis, Volume 1, edited by J. M, A. Lenihan
and S, J. Thomson (1969); volume 2, edited by J. M, A. Lenihan, S, J,
Thomson, and V. P, Guinn (1972); Academic Press.

Kaman Sciences Corporaticu, Colorado Springs, Colorado,

Sam S, Nargolwalla and Edwin P, Przybylowicz, Activation Analysis with
Neutron Generators, John Wiley & Sons (1973).

D. E., Wood, P, L. Jessen, and R, E, Jones, New Developments in Neutron
Activation Systems for Analyeie of Oxygen in Steel, Proceedings of the
1966 Pittsburgh Conference on Analytical Chemistry and Applied Spectro=-
scopy (1966).

Walter Fuchs and Paul M, Yavorsky, Bed Level Determingtion with Time
Domain Reflectometry, Chem. Eng., p. 145 (July 24, 1974),



39

40, E, H. Cammevale et al,, Ultrasonic Measurement of Elastic Moduli at
Elevated Temperatures, Using Momentary Contact, J. Acoust, Soc. Am,,
35, 1883, Abstract F6 (1963); 36 1678-1684 (1964); Ultrasonic Determin~
ation of‘EZastzc Moduli to 2006°C Uszng Mbmentary Contact, 36, 1999,
Abstract I2 (1964); Ultrgsonic Measurements in Solide up to 2800°K
presented at the 1965 IEEE Ultrasonics Symposium, Boston, Mass.,
December 1-3 1965; Ultrasonice Thermmometry and Flaw Detection in Steel
Above 2006° F presented at the 24th Nat'l Conv, SNT, Phila, Pa,,
October 19~ 23 19643 T. H. Malim, Ultrasonics Takes Hot Metal Pulse,
Iron Age, 195 (17) 75-77 (April 1965),

41, L. C, Lynnworth, E. P, Papadakis, D, R, Patch, and K., A, Fowler,
R. L. Shepard, Nuclear Reactor Applicatione of New Ultrasonie
Transducers, 1EEE, 1979 Nuclear Science Symposium, IEEE Transactions on
Nuclear Science, Vol., NS~18, (February 1971).

42, E, H, Carnevale, L. C. Lynnworth, and G. S. Larson, Ultrasonic Determin-
ation of Transport Properties of Monatomic Gases at High Temperatures,
J. Chem, Phys, 46(8) 3040-3047 (April 15, 1967); E. H. Carnevale, C,
Carey, and G. Larson, Ultrasonic Determination of HRotatiomal Collision
Numbers and Vibrational Relaxation Timee of Polyatomic Gassee at High
Temperatures, J. Chem, Phys, 47(8) 2829-2835 (October 15, 1967);
E, H, Carmevale, G. S, Larson, L. C, Lynnworth, C. Carey, M. Panaro, and
T. Marshall, Experimental Determination of the Transport Properties of
High Temperature Gases, NASA CR-789 (June 1967); E. H, Carnevale et al.,
Phys, Fluids 10(7) 1495-1467 (July 1967).



40

7.0 ACKNOWLEDGEMENTS

Many people involved in the operation of pilot plants or concerned with
the design of large-scale systems for coal conversion or fluidized combus-
tion contributed freely to the information in this report and/or reviewed it
for accuracy. Among those wio were most helpful are Louis J, Scotti and
Haig D. Terzian of the COED Pilot Plant; Frank C, Schora, John W, Loeding,
Jack Huebler, and Billl Bair of the HYGAS Pilot Plantj; Carl Fink, Irl Zuber,
Check Kreil, Marion Vardamon, David Glaser, Phil Boland, Frank Plut, Frank
Batug, and Terry Towers of the CO, Acceptor Pilot Plant; Richard Howell,
Robert Stalnaker, and Charles Chao of C, F, Braun Co.: E. O, Curtiss, Jr.,
Dale Mackey, and Duane Runnels of the Synthane Pilot Plant; Murray Weintraub
of the Synthoil unit; Robert Sperhac, Josepu Naylor, Andrew Danhof, Robert
Custer, Rues Perrussel, and David Schmalzer of the SRC Pilot Plant; Andrew
Bela, Frank Glenn, Eugene Pastrick, and George Hervey of Ralph M, Farsons Co,}
Al Jonke, Erwin Carls, Walt Podolski, John Vogel and Bill Swift of the
Argonne National Laboratory fluidized bed combustion (FBC) unit; Dr. Ron Hoke,
Melvyn Nutkis, and Ray Van Sweringer of the Exxon FBC unit; Michael O'Hagan,
Gordon Wade, Rossi Jackson, and Henry Wigton of the Combustion Power FBC unit;
R« J. Grace of the BIGAS Pilot Flant: W. C. Corder of the Battelle~Union
Carbide unit; Dr., Dale Keairns of Westinghouse; Richard W. Bryers and
Thomas W. Shults of Foster Wheeler; Robert G. Shaw, Charles V. Cooper, Cal
Watson, Dr. James Vignos, Dr. Peter McCrae, and John Bernard of the Foxboro
Co.; George Weth and William Yeich of ERDA-Fossil Fnergy on the Pope, Evans,
and Robbins FBC unit; and Dr. William Eckard, Robert F, Stewart, L., Wayne
Shuck, and Neil Coates of the Morgantown Energy Research Center. Their
assistance is gratefully acknowledged.



APPENDIX A

Data Sheaets on Instrumentation Needs from the
Argonne National Laboratory Survey

Grouped According to Measurement Category
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SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: __N.Q.,- Date:

10~-28-75

Process; HYGAS

Scale: O PDU Pilot [l Demo [Q 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: 94€nsity by y gauge; flow in 2) and 3) by Venturi's;
flow in 1) by difference.
Evaluation of Present Methnd: y gauge works well, pressure taps on_Venturi's must be

purged and sometimes plug

Range of Possible Variation: 1 _to 5 _ft/sec; solids 30 to 50% wt.;

liquid H_O or C H,
2 60

3 T/hr coal (~1.2 ft/sec)

Physical Conditions Associated with the Quantity
to be Measured

1000-1500 psi

Pressure:

Temperature; _ambient

Composmon; 30-50% wt. coal in H20

or C H,
o U

Density; 20-35 lbslft3 coal, _
70 lbs/ftj slurry
Other: -_llﬁ','ii}mlméﬂ_meﬁ_h____

. (400ym)

RESTRICTIONS ON THE {INSTRUMENT

Accuracy and Precision Requwrements: __ . . __ _ . __ . .

Spatial L'mitations on Packaging: ... _ ___

Impact of [nstrument Malfunction on Process:

Sketch with Container Dimensions/Materials

—Kiquﬁ /coal /

=) \=/3

loop to maintain
sofids In suspension

N(«-Venturi
2

MUD

/’ "i
y density

gauge

PUMP

WL

Venturi

to slurry dryer

2" mild steel pipes .

(scaleup ~12")

|

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation: .

Other Considerations. ____ . _ . e

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN YHIS PROCESS

O Low U Medium d High 3 Very High

AP 123 42 78}
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SURVEY OF COAL PROCESS INSTRUMENTATION

Initiais: N, O, Date:. _10-28-73 __ _ Process: . BYGAS

Scale: [ PDU & Priot O Demo O Commercial
CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _Mass flow in the steam-iron hydragen producer .. .. .

Reason Needed: __ .-

Present Method of Deternwiation.

Evaluation of Present Method: ___ __ . e

Range of Possible Variation: __ ___ _ ______ _ _ e e e
Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Matenials

to be Measured

Pressure. _ 1200 psig o e
Temperature: A§_5_0_0]:'_ e . |
Composition: 50% Fe I
Densay: . . __ ___ -
Other ____ -
RESTRICTIONS ON THE INSTRUMENT
Accuracy and Precision Requirements  _ . _ ... . _ —_ -
Spatial Limitations on Packaging:  _ . . . . .. .
Impact of Instrument Malfuncton on Process: . .. ... .. .. ... e o e el
Accessibility for Maintenance: - e e e e
Reliability and Lifetime Requirements: __ ___ __ __ _ . __ __ - —

Ambient Cond'tions during Operation: . ________ _. ____

Other Considerations: _ ... . _ . _. e e i e

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THiS MEASUREMENT IN THIS PROCESS
L Low (0 Medium L) High i very High

AP "2] 12 78)
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SURVEY OF COAL PROCESS INSTRUMENTATION

fnitials: __N.0O. Date: _ 10-28-75 Process: _CD?_A:ceptnr
Scale: [ PDU 63 Pilot O Dems O Commercial

CHARACTERIZAT.ON OF THE MEASUREMENT

Quantity to be Measured: __Char feed rate to the regeneratar

Reason Needed: _Control of regeneration rate

Present Method of Determination: -

Evaluation of Present Method:

Range of Possible Varistion: . 600 lbs/hr (0,17 lha/gec)

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

Pressure: _ 150 paig

Temperature: 1500°F

Composition: _char

Density:

Other: _<fimm

RESTRICTIONS ON THE INSTRUMENT

Accuracy snd Precivion Requirements:

Spatial Limitations on Packaging:

impact of Instrument Malfunction on Process:

Accessibility for Maintenance: _ __.

Relisbility and Lifetime Requirements:

Ambiant Conditions during Operation:

Other Considevations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
Otlow 0O Medium O High @ Very High

AP (279
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SURVEY OF COAL PROCESS INSTRUMENTATION

N.O,

Initials: Date: _ 10-28-75 Process: _BIGAS

Scale:. O PDU O Pilot 3 Demo Commercial (Braun-source)

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _Coal feed rate to sifier

Reason Needad: _Frocess control

Present Method of Determination:

Evaluation of Present Method:

6
Range of Possible Variation: _~1.2x10° 1bs/hr (6 ec)
Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials

to be Measured

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

3045SS
Temperaturg: _amb, /_
Composition: _coal T"
IF 20"
Density: 28 lbs/fl:3 l

Other: 70%-2

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements: 2=3% tolerahle variation-in mass—Elow-

Spatisl Limitations on Packaging:

impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetima Requirements:

Ambient Ccnditions during Operation:

Other Consideratians:
PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
0 Low O Meadiumn O High B Very High

AP-123 {2-78)
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SURVEY OF COAL PROCESS INSTRUMENTATION

Initials; _N:0. Date: __10-28-75 Process: . BIGAS

Scale: O PDU 1 Pilot 0 Damo KiCommercial (Foster Wheeler-source)

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: __Slag concentration in flow from slag quench vessel

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

o
Temperature: _ 3000 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:

Fieliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
Ol Low O Medium X High O Very High

AP-123 (2 78)



A-8

SURVEY OF COAL PROCESS INSTRUMENTATION

N.O. Date: __10-28-75 Process: __Slurry injection
C.F.
Scale: O PDU O Pitot O Demo fJ Commercial ( Braun)

Initials:

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: __S0lids/liquid ratio

Reasan Needed: Process control

Present Method of Determination: U

Evaluation of Present Method:

Range of Possible Variation:

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

Pressure:

o
Temperature: __200 F(HZO slurry)

Compasition:

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:

Qther Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
O Low O Medium [ High & Very High

AP-133 {2-78)



A-9
SURVEY OF COAL PROCESS INSTRUMENTATION
tnitials: _N-0. Date: _ 10-28-75 Process: _ Solids Mass Flow

F - .
Scale: 0O PDU 0O Pilot 0O Demo BkCommercial (Foster-Wheeler source)

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _ S0lids mass flow in solid/gas stream in gasifiers

Reason Needed: _Process copntrol

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: _200 psig

o)
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
O Low [J Medium O High &d Very High

AP-123 (2-75)



A-10

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: _N:0. Date: __10-28-75 Process: _ SRC

Scale: O PDU [ Pilot 3 Demo O Commercial

CHARACTERIZATION OF THE MEASUREMENT

Ouantitv to be Measufed: SOlidS mass flOW rate on Coﬁl input

Reason Needed: _ Process control and materials balance

Present Method of Determination: __Gravimetric feeder

Evaluation of Present Method: __Unsatisfactory because of small belt size, large wvariation

in coal size

Range of Possible Variation: 1.1 lbs/sec

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

Pressure: 0 psig

Temperature: amb

Ccmposition: _1aw coal

Density:

Other: _Size .6mm

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 Cons'derations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
0O Low £kMedium [J High 0 Ve.y High

AP.123 (2-78)



A-11

SURVEY OF COAL PROCESS INSTRUMENTATION

Process: SRC

Initials: N.O. Date: _1Qm28-75
Scale: 0O PDU G Pilot I Demo O Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Slurry flow rate

Reason Needed: Process control

Present Method of Determination: _L+ _ Rotameter 2. Target meter 3. Ventuyri (horizontal)
Evaluation of Present Method: _UnSatisfactory because of 1) erosion 2) erosion, remperature

sensitivity, inaccuracy 3) plugging of pressure taps

Range of Possible Variation: <.2 ft/sec

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

1000 psig-2000 psig

Pressure:

Temperature: amb.

Composition: 1/3 coal 2/3 solvent T "
by weight —— '5f3

Density: 20 lbs/ft3 coal A 70 lbs/ft:3

total slurry 2" schedule XX
Other: _80%-<--200-mesh—(136m)——

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precisiocn 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 I Medium 0O High L Very High

AP-123 (2-78)



A-12

SURVEY OF COAL PROCESS INSTRUMENTATION

N.O. 10-28-75

Initials: Date:

Process: __ SRC

Scale: O PDU @ Pilot O Demo O Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Percent solids in slurry

Reason Needed: _Frocess control

Present Method of Determination; __None

Evaluation of Present Method:

Range of Possible Variation:

Physical Conditions Associated with the Quantity
to be Measured

1000 psig - 2000

Pressure:
Temperature: amb
Composition: 1/3 coal 2/3 solvent

before dissolving

Density: 0 lbs/ft3 slurry

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Sketch with Container Dimensions/Materials

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibitity 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 G High 0O Very High

AP.123 (2-78)




A-13

SURVEY OF COAL PROCESS INSTRUMENTATION

Initiats: _N:9: Date; __10-28-75 Process: _ SRC
Scale: [JPDU & Pilot O Demo 1 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _Filter breakthrough - {(Percent solids measnrement)

Reason Needed: _ Reduce downtime, contro

Present Method of Determination: _Lab test of filtrate

Evaluation of Present Method: __s 1 hr lag

Range of Possible Variation: _o0_unless breaxthrough .01-.001% wt solids f{insolubles)
Physical Conditions Associated with the Quantity Sketch with Cor.tainer Dimensions/Materials

to be Measured

P-ressure: _130_psig

o
TemperatLie: 600" F . —_

Composition:

Density: ____

Other;

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial itations 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 O High ) Very High

AP-123 (2:78)



A-14

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.Q, Date: 10-28-75 Process: SRC

Scale: O PDU R Pilot 0 Demo O Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Solids flow rate of mineral residue

Reason Needed: ___Materials balance

Present Method of Determination: __ Gravimetric

Evaltuation of Present Method:

Range of Possible Variation: _".23 lbs/sec

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

10 be Measured

Pressure: 0 psig

Temperature: _ambjent
Composition: ash, filteradid (diatomaceousg

earth and asbestos), undissolved coal

Density:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Irpact of Instrumer.. Malfunction on Process:

Accessibility for Maintenanca:

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 Gt High 3 Very High

AP.123 (2-76)



A-15
SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date. 10m28m?5 Process: ___SRG

Scale: JPDU & Pilot {J Demo [0 Commercial
CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measared: ____Solids mass flow rate of SRC output

Reason Needed: __._ ’rocess contrnl & materials balance.

Present Method of Determination: Gravimetric feeder

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: 0O paig

Temperature: ambhient

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
O Low 0 Medium & High [ Very High

AP 123 (2 75}



A-16

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.0O. Date: _10-28-75 Pracess: __ COED

Scale: [ PDU [ Pilot O Bema [ Commercial

CHARACTERIZATION OF THE MEASUREMENT

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

6 streams -—)@—)—

Process control

Reason Needed:

Present Method of Determination:

Evaluation of Present Method:

3
Range of Possible Variation 220 1bs/ft” dense phase in standleg
~l 1b/ft3 in pneumatic transport

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

to be Measu:ed

0-~15 psig

Pressure:

to lst stage 3rd-4th 1000°F

Temperature: 1St_to 2nd 65031" Fromvloth
2nd to 3rd 850 F |1600°F

Composition;

Density: 20 le/fl:3

Other: _LSH_E._QLJ—““_ e e

bituminous ceal

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements: __ _  _ ______ —

Spatial Limitations on Packaging:

impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reuability and Lifetime Requirements:

Ambient Conditions during Operation:

Otner Considerations' ___.

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
J Low 0 Medivm O High (3 Very High

AP 123 12.78)



A-17

SURVEY OF COAL PROCESS INSTRUMENTATION

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

Foster-
Scale: (JPDU  OPilt CIDemo & Commercial (Foster-Wheeler source)

CHARACTERIZATION OF THE MEASUREMENT

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

Reason N=eded:

Present Method of Determingtion:

Evatuation of Present Method:

Range of Possible Var.ation:

Physical Conditions Associated with the Quantity Sketeh with Container Dimensicns/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 Maintanance:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
O Low 0O Mediurn Gl High O Very High

AP.123 (2.78)



A-18
SURVEY OF COAL PROCESS INSTRUMENTATION

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

F - .
Scale: [OPDU DO Pilot 0 Demo g Commercial (Foster-Wheeler source)
CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _Char and ash in product stream

Reason Needed: Quality control of product

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: 4300 psig

(s}
Temperature: 850 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:

Raeliability and Lifetime Requiremants:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
OLow O Medium £ High {J Very High

AP.123 (3-78)



A-19

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.0. Date: __ 10-28-75 Process: _ Liquefaction =

Pars b
Scale. [1PDU 0 Pitot (A Demo 0O Commercial (Parsons)

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _S1urry mass flow - coal, char, or ash in oil or gas

Reason Needed:

Present Method of Determination:

Evaluation of Present Method:

Range of Possible Variation:

Physical Conditions Associated with the Quantity Skeich with Container Dimensions/Materials
1o be Measured

<1500 paig

Pressure:

0
Temperature: g2000°F

Composition:

Density:

Other: _—20 to +200 mesh

(1.3mm to 1,3m)

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accassibility for Maintanance:

Reliability and Lifetime Requiremants:

Ambient Conditions during Operation:

Other Considerations: -—

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
O Low O Medium O High Gk Very High

AP.133 (2-78)



A-20

SURVEY OF COAL PROCESS INSTRUMENTATION

N.O.

Initials: Date; _10--28-75 Process: _CPU

Scale: K POU O Pilot O Demo O Commarcial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _Mass_flow of Alumina spheres ipgranular filter system

Reason Needed: _ Erocess control

Prezent Method of Determination:

Evatuation of Present Method:

Range of Passible Variaticn:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to he Measured -
flvidized bed + rapper £
Pressure: '\-'60 ESi d"'y gus -j/‘
° ash to
Temperature: _12-1300°F T TTF bag house
Composition: _Al,0, + dirt from gas clean gos 1t u .y fibrous
\. 1 } (0, OD} insulation
Alumi L) 5" IDJ alumino-
Izu-Tﬁl%"F ?IBI ichoie filgar
Density: . dense obcock
8 dirty /_phuse Wilcox)
Other: _8-12 mesh (3-2 Seal legs P
controlled by Ap fe— pneumatic lift

RESTRICTIONS ON THE iINSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

impact of tnstrument 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 EMedium O High 0 Very High

AP-123 (2-78)

a4 et



A-21

SURVEY OF COAL PROCESS INSTRUMENTATION
N.O. Date; _ 10-28-75 Process: __Fluid Bed Comb.— ——

Scale: CIPDU 0 Pilat CJ Demo K Commercial (Foster Wheeler source)

Initials:

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _Solids/gas = —_—

Reason Needed: _ Erocess control

Present Method of Determination:

Evaluation of Present Method: __Nothing satisfactory

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Containar 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 Lifatime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
O Low O Medium 0O High X Very High

AP.122 (2-78)



A-22

DILUTE PHASE SOLIDS MASS FLOW



A-23

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: _N.O. Date; __10-28-75 Process: _HYGAS

Scale: O PDU (A Pilot (] Demo O Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _Overflow mass flow from second stage hydrogasifier to char gasifier

Reason Needed: __Process control

Present Method of Determination: —_

Evaluation of Present Method:

Range of Possible Variation: _ 0.9 lbs/sec v %13 ft/aec
Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials

1o be Measureqg

Pressure: _1000 psig

)
Temperature: 1600-1800F N

Composition: char

3

Density: b lhs/ft” {(est)

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of {nstrument Malfunction on Process:

Accessibility for Maintenance: In center of reactor

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPLicNT OF INSTRUMENTATION FOR THIS MEASUREMENT IN TH!S PROCESS
O Low £ Medium High O Very High

AP-123 {2-75)



A-24

SURVEY OF COAL PROCESS INSTRUMENTATION

N.O.

Initials: 202 Date: 10-28-75 HYGAS

Process:

Scale: [1PDUL bd Pilot O Demo 0 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: _p=0_to_15 1bs/fe> 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

0
Temperature: 200 to 600°F

Composition:

Density: _6_to 15 leLft3 solids in gas

Other- size 100 mesh 125Q1,m1 to lym

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

tmpact of instrument Malfunction on Process:

Accessibility for Maintenance: _ 2100 ft vertdical exposed pipe

Reliability and Lifetime Requirements:

Ambient Conditions during Operation: _exposed to outside

Otber Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN TH!S PROCESS
O Low {0 Medium O High Gl Very High

AP-123 (2.75)



A=~25

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: __N.O. Date: __10-28~75 Process: _BIGAS

C.F. Braun r
Scale: [ PDU O Pilot ODeme £ Commercial ( raun source)

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _Char mass flow in cyclone dip leg (4 of them)

Reason Needed: __Process control

Present Method of Determination: __Thermal flowmeter

Evaluation of Present Method:

Range of Possible Variation: 'Q;lhms_lhslhr._(ﬁﬁ_ﬁtispr)
Physical Conditions Associated with the Guantity Sketch with Container Dimensions/Materials
to be Measured
refractor
Pressure: .1500 psi ef 0’('.‘. ory
Q / ﬁ—-ls _.1 Y
Temperature. 800 - 1000°F
i R Z“‘CG(bOﬂ S'EEl

Composition: _83.1%C, 16.2% ash, / ' //
0.7%2 H O by wr. [ N

< 7 "%
Density: _]_ﬂ—ﬁ_lh.sffLB [ ' /
Other: 70%=200 mesh-{<125um)}—— —— — 5"l |

110 £+ drop
1 4
RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliahility and L.ifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
3 Low (0 Medium O High G} Very High

AP.123 (2-75)



226

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: _ N9« Date: _ 10-28-75 Process: _COED

Scale: [JPDU X Pilot {J Demo O Commercial
CHARACTERIZATION OF THE MEASUREMENT

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

6 streams

Reason Needed: Frocess control

Present Method of Determination:

3
Evaluation of Present Method: __ a1 1b/ft

Range of Possible Variation: 40 ft/sec

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

Pressure: 0-15 psig

o
Temperature: amb. - 1600°F
Composition: _char

3
Density: ol 1b/ft

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: __S5€e alternate neasurement in dense phase
PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
O Low O Medium O High Kl Very High

AP-123 {2-75)




A=27

SURVEY OF COAL PROCESS INSTRUMENTATION

fnitials: _ N.O. Date: _10-28-75 Process: ._ANL -
Scale: {IPDU O Pilot [J Demo O Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _Limestone feed mass flow

— pneumatic transport

Reason Needed: __Process control

Present Methad of Determination: _Weigh hopper
Evaluation of Present Method: _Falr, but not applicable to large scale gystems with multiple

feed lines -

Range of Possible Variation: 10 1bs/hr, 70 ft/sec

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

Pressure: 150

Temperature: _amb

Composition; _limestopne == =

3

Density: _14=17 1hs/fr

Other: L2 = 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 DEVELLOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
O Low O Medium 0 High Gi Very High

AP-123 (2-756)



A-28

SURVEY OF COAL PROCESS INSTRUMENTATION

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

Scale: EIPDU 0O Pilot O Demo O Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Coal feed mass flow

_—pneumatic transport

Process control

Reason Needed:

Present Method of Determination: Weigh hopper + pocket feeder

Evaluation of Present Method: Fair, but not applicable to large scale systems with multiple

feed lines

Range of Possible Variation: 125 1bs/hr, 70 ft/sec

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

Pressure: 150

Temperature; _amb.

|\ T

Compositen: ¢coal_ . 21 COGI + air
i T T

3

Density: _16=43 lbsg/ft

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 Lifetitne Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
O Low 1 Medium O High @ Very High

AP-122 {2-78)



A-29

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: __N.0. Date: . 10-28-75 Process: _ CPLI

Scale: EI1PDU O Pilot [ Demo O Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quan:ity to be Measured: _Coal/dolomite mixture mass flow rate in air pneumatic feeder ta

.combustor ___

Reason Needed: _Process controel. . . . .

Present Method of Determination: _Gravimetric .. .

Evaluation of Present Method: .

Range ot Possible Varation: _ 40=50._1bg/min solids, 50-60.1hs/min air {50 ft/sec)

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

Pressure: 4 atm (60 psi) . _ . __ .

"
Temperature: Ambjent = C— i% plpe
Composition: 2/3 coal _1/3 dolomite '.L" —?7/ e (TUY go to

' 2 s TIITII T E B 2 ) buT no
kb—)f—mh-t e e s e e largEr)
Density: o S

Other: Single feed.point = ... _

RESTRICTIONS ON THE {NSTRUMENT
Accuracy and Precision Requirements:

Spatial Limitations on Packaging: .. —_

Impact of Instrument Malfunctinn 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 (2 Medium O High 3} Very High

AP-123 {2.75)



A-30
SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: __N.O. Date: ._10-28-75 Process: _ CPU _
Scale: T PDU {1 Pilot 0 Demeo O Commercial

CHARACTERIZATION OF THE MEASUREMENT

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

Reason Needed: _Process control, turbine protectien . _ _ . o

Present Method of Determinaticn:

Evaluation of Present Method:

Range of Possible Variation: _12=17 lbs/min ___

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

Pressure: _60 psi

Temperature: 1450°F

Composition: _ﬂaSQa_._:t..ASh._____._._

Density:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliabiiity and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations: —

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATICN FOR THIS MEASUREMENT IN THIS PROCESS
0O Low O Medium O High GZ Very High

AP-122 (2.8}



A-31

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: _N.O. Date: __10-28-75 Process: ___CPU

Scale: &kkPDU O Pilot B Demo [J Commercial

CHARACTERIZATION OF THE MEASUREMENT

Ash frouw :lumina spheres in cl 3 : ¥
Quantity to be Measured: n 2lu p e n cleanup section _of granular fil*ter

system —

Reason Needed: _Process control, turbipme protection . . .
Present Method of Determination: _Impactors =

Evaluation of Present Method: _Not on-line, continuous

Range of Possible Variation:

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

Pressure: _60_psi |
o
Temperature: _12-1500°F =~

Composition; ———

Density: . __.

Other; S e

[ -

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 DEVELOPME!T DF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
O Low C Medium & High 0 Very High

AP-123 (2 75)



A-32

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials; _ N.O, Date: ._10-28-25 Process: _EXXON .

Scale: EXPDU O Pilot {J Demo C Commercial
CHARACTERIZATION OF THE MEASUREMENT
Quantity to be Measured: Mas< flcw in dip leg of cyclone separator-crushed sulfatred
Admestone . _. _ S _ N

Reason Needed: _Process contro] - —-

Present Methnd of Determination: _1} Sight glasses 2) Thermacouples -
Evaluation of Present Methoa: _31) & Z) Unsallsfactory L

Range of Possible Variation: JQ:MMIM -

Physical Conditions Associated with the Cuantity Skeatch with Container Dimensions/Materials
to be Measured

Pressure: .130 psig

o
Temperature: _1700°F

Composition: _sulfated Ilimestone 4+ ash

3

Deriity: _30=A0 lbs/ft

Other: <3mm

— b e e

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements: __ — B e

Spatial Limitations on Packaging: _ . - . e e

Impact of Instrument Malfunction on Process; . —_ _ e e e .

Accessibility for Maintenarce: ___ __ . L

Reliability and Lifetime Requirements: _ —

Ambient Conditicns during Operation: ——

Other Considerations: o N

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
O Low (] Medium O High [{ Very High

AP-123 (2 75)



A-33

SURVEY OF COAL PROCESS INSTRUMENTATION

_N.O.  _ ___  Date _10:28

Initiafs:

-15

Process: __ EXXON

Scale: K PDU O Pilot O Demo

CHARACTERIZATION OF THE MEASUREMENT

[} Commercial

Quantity 1o be Measured: Coal-limestone feed mass flow rate . ___ . __

Reason Needed- _ Prucess control, materials balance ... . - e

Present Method of Determination: 1) lLoad cells on injector hopper 2) Pasgive acoustic

Evaluation of Prasent Method: 1) Unsatisfactory for short term fluctuations or multiple lines
from hopper 2) Somewhat helpful, but frequency analysis should be investigated -

Range of Possible Variation: 2480 _lbs/hr cpal ~)00 lbs/hr dulomite 60 ft/sec

Physical Conditions Associated with the Quantity
10 be Measured

10 atm (150 psig)_

Pressure:

amb

Temperature:

<Qal, dolomite, air __

Composition.

, .3
Density: ., 2 lbhs/fr” . . . _

Other: _<3mm . _ . _ . ...

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Frecision Requirements:

Sketch with Container Dimensions/Materials

Spatial Limitations on Packaging. _ ...

Impact of lnstrument 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 O Medium {0 High Gl Very High

AP-123 (2.75)



A-34

SURVEY OF COAL PROCESS INSTRUMENTATION

initials; . N.O. Date: _ 10-28-75 Process. _ Flnid Bed Combystion
(Foster Wheeler-source)

Scale: O PDU O Pilot I Demo Commercial

CHARACTERIZATION OF THE mEASUREMENT

Quantity to be Measured: _Solids mass flow . in dilute phage

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/Mater.als
1o 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:

Reliabihty and Lifetime Requirements: .

Ambient Conditions during Operation:

Other Considerations:, . ... _ ..

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS FROCESS
0 ow (3 Medium O High N Very High

AP 123 (2 T8



A-35

DIRTY GAS FLOW - ENTRAINED SOLIDS MASS FLOW



A-36

SURVEY OF COAL PROCESS INSTRUMENTATION

Initiais: . N.C. Date: _10-28-75 Process: J_QQTAGM______H__W

Scate: [ PDU -t Pilot O Demo [ Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: __.80lids mass flow rate. of the- produet—eas—at-rean

Reason Needed: _Materials balance, gas cleanup equiphent—protection—

Present Method of Determination:

Evaluation of Present Method: ———

Range of Possible Variation: giwwmw% N

Phiysical Conditions Mssociated with the Quantity Sketch with Container Dimensions/Materials
to be Measured _— .

Pressure: 150 psig

o}

Temperature: __1300F
Composition: _¢har, acceptor, ash
Density: .7 _grains/gef
Other: __chllym size .. . . . ..

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:  _ . _ _ __._ ._ -

Spatial Limitations on Packaging: . __ . __ . -

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

Accessibility for Maintenance: _. . _ ____ _ . _ . ______ .

Rebability and Lifetime Requirements. _ . . _

Ambient Conditions during Operation:  ____ . ___ . __ —

Ovher Considerations. - _ . . _ L. L L o e

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
) Low ) Medium iJ High 8 Very High

AP 1232 1%



A-37

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials; N.O. N o Date:,,10'28:7i Process: CO%ACCGDtOI’

Scale: D PDU Gt Priot U Demo ] Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _5011ds loading of the recycle regenerator gas

Reason Needeq: __P:;event accumulation of recirculating acceptor fines

Present Method of Determination: ___ N _

Evaluation of Present Method: _ . _ __ __ P

Range of Possihle Vanation: . _ _

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

Piessure. . e e

Temperature: . e e e m e e -

Composition: e -

Density: e

Othes

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements J— -

Spatial Lymitations on Packaging’

Impact of Instrument Maltunction on Process:

Accessihility for Maintenance:  __ . _ __

Reliability and Lifeume Requirements: ___ .

Ambient Conditioas during Operation: .

Other Conuiderations: .. . R

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
O Low O Medium & High O Very High

AP 123 (2 715}



A-38

SURVEY OF COAL PROCESS INSTRUMENTATION

initials:  N.0. Date: ._10-28-75 . Process: . Gas cleanup
(C.F. Braun)

Scale: O PDU O Pilot ) Demo Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _Particulate loading of gas srreams

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: 1000 psipg

8]

Temperature: _1000-2000°F =
Composition: _char, ash

Density: _ . _ R

Other e .

RESTRICTIONS ON THE {INSTRUMENT

Accuracy and Precision Requirements:

Spatia! Limitations on Packaging: .__ _

Impact of instrument Malfunctionon Process: . . ... _

Accessibility for Maintenance:

Ambient Conditions during Operation: ___

Other Considerations: . . . . ... —

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
O Low U Medium O High [F Very High

aP 12342 76)



A-39

SURVEY OF COAL PROCESS INSTRUMENTATION
10-28-75 COED

) N.O.
Initials: - .. Date. .~ T~ T ______ ___ Process:

Scale: 0O PDU Pilot {1 Demo 0O Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured. ,.I‘,lf‘i,rate in H, recycle stream in the oil hydrotreating plant

Reason Needed: ._Materials balance .

Present Method of Determination: . Pump-displocement—é—rpm

Evatuation of Present Method: ... __.

Range of Passible Variation' ~,25000_SCE/hr

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

Pressure: . o

Temperature: . .

Composition: . . . o e

Density - e e e

Other  _. . el

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requitements: . _ __ . .

Spatial Limitations on Packaging: . _.

Impact of nsttument Malfunction on Process.

Accessibihity for Maintenance: _ _ ___ . . ...  _ .._ .

Rehability and Lifetime Requirements: . _. e

Ambient Conditions during Operation: . _ -

Oth - r Consideratvons: _ . __ _ _ L o -

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
U Low KkMedium U High {1 Very High

AP 17312 76)



A=40

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: _N.,O Date: 10-28-75 Process: _Liquefacrion
P
Scaler [JPDU O Pilot O Dema kd Commercial (Parsons)

CHARACTERIiATION 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; _S+°00 psi
T ) o e e e
emperature: 1800 F .
Composition: l
Jto 4 dia.
Density: ARSI S ARSI A S SIS IS
Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging: ____ ___ __.

Impact of Instrument Maltunction 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 O Medium O High X Very High

AP 123 (2 78)



A-41
SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O.  Pate: _ 10-28-75 Process: __ANIL

Scale: ElPDU O Pilot 0O Demo O Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _Concentration and size of solid particles in gages

Reason Needed:

Present Method of Determination:

Evaluation of Present Method:

.1 grain/SCF

Range of Possible Variation: _s 2y must be .0l grain/SCF
Physical Conditions Associated with the Quantity | Sketch with Container Dimensions/Materials
to be Measured
Pressure: . 130 psig
Temperature:
Compasition:
Density: __
Other: .>99% of particles >2ym must be
remaved fl_w

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 0O Medium O High 4 Very High

AP 122 (275)



A-42

SURVEY OF COAL PROCESS INSTRUMENTATION

N.O.

Initials: Date:

10-28-75

Process; _CPU

Scale: & PDU ] Pilot 1l Demo

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured:

O Commercial

Particulate monitor for stack pas

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

Present Method of Determination:

1) Capacitive impurgement measurement

Evaluation of Present Method: _1) Problems wit

h

pressure across microphone & temperature .

Range of Possible Variation:

Physical Conditions Associated with the Quantity
to be Measured

Pressure: _v0_psig

o (Now 900 F because o
Temperature: 4=300 Flold turbine _

Composition:

Density:

Other: .

RESTRICTIONS ON THE INSTRUMENT
Accuracy and Precision Requirements:

Spatial Limitations on Packaging" ..

j

Impact of Instrument Malfunctionon Process. _. _ . ____ _ . _.

Accessibility for Maintenance: _ ___

Rehability and Lifetime Requirements:

Ambient Conditions during Qperation: . .

Other Considerations: _._ .__ ..

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS . IEASUREMENT IN THIS PRCCESS

Ol Low (] Mediurr ) High O Very High

aAP-123 12 78)



A-43

SURVEY OF COAL PROCESS INSTRUMENTATION

Ininals: _ELQ_'.__.__- e Date:..__ﬂ*_zgfzé*‘,ﬁ___ Process:

CPU

Scale: HxPDU FiPitot {3 Demo O Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Mewcured: . Farticulate loading in flue gas to turbine

Reason Needed: _1urbine protection

Present Method of Determination:

Evaluation of Present Method: . ____ __

6

Range o! Possible Variation. * 1 to 1 1b/10" Btu (~.2 prain/SCF)

Physical Conditions Assaciated with the Quantity Sketch with Container Dimensions/Materiais
to be Measured . —

Pressure: 4_atm (60 psig) i

Q.
Temperature: 1990 ¥ J K

La,S5i,Fe,Al

SS

ool

Composition:

Density

S

Insulation

Other: ¢opm_ most “lim

50% pt 0 ~_7_L1.'IL _

RESTRICTIONS ON THE INSTRUMENT

Ascuracy and Precision Requirements: _

Snatial Limitations on Packaging: .. ..__ .

Irwpact of Instrument Malfunction on Process:

A-cessibility for Maintenance. _ ___

R :liability and Litetime Requirements: .

Ambient Conditions during Operation: __. -

O-her Considerations: . ___ . __ . _ ___

PRIGRITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN TH1S PROCESS
G Low 0 Medium [J High 0§ Very High

AP 123 12 75)



A-44

SURVEY OF COAL PROCESS INSTRUMENTATION

Initia s: __ N.O. Date: 102_2_@,_75 Process: ._ EXXON

Scale PDU 0 Pilot (1 Demo (3 Commercial
CHAACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Particulate loading of combustion gas

Ruason Needed: Erotection of turbine blades, materials balance

Present Method of Determination: __IMpactor sampler

Evaluation of Present Methog: _Unsatisfactory - not continuocus, sampling questionable

Rznge of Possible Variation: __

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

Pressure: 150 psig

0
Temperature: 1700°F

Composition: char, ash, dolomite

Density: . _

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

impact of Instrument Maltunction on Process: __

Accessibility for Maintenance: B

Reliahility and L.ifetime Requirements:

Ambient Conditions during Qperation:

Other Considerations: . __ .

PRIORITY FOR DEVE!.OPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
O Low O Medium O High 3t Very High

AP-123 (2-76)



A-45

SURVEY OF COAL PROCESS INSTRUMENTATION

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

Scale: B PDU J Piiot [J Demo O Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _barticulates in flue gas e

Reason Needed: FLOC@SS_control, environmental prorection

Present Method of Determination: —

Evaluation of Present Method:

Range of Possible Variation: —

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
10 he Measured

Pressure. _

Temperature:

Composition; CaSOx . char

Density: o

Owher: ____

RESTRICTIONS ON THE INSTRUMENT

Accurac s and Precision Requirements:

Spatiai 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 {1 Medium O High I Very High

AP 123 (2.78)



A~46

SURVEY OF COAL PROCESS INSTRUMENTATION

Initiats: N2 Date, _10-28-75

Scale: PDU 3 Pitot J Demo kI Commercial

Pressurized FEBC
{Westinghouse~source)

Frocess:

CHARACTERIZATION UF THE MEASUREMENT

Quantity to be Measured: Particulate leading of flue gas

Reason Needed: Turbine protection

Present Method of Determination: -

Evatuation of Present Method:

Range of Possible Variation:

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

Pressure:

Temperature:

Composition:

Density: —

Other: __ _ —_ |

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements: e

Spatial Limitations on Packaging: __.

Impact of Instrumen Malfunction on Progess: -

Accessibility for Maintenance:

Reliabitity and Lifetime Requirements: ___ e m

Ambient Conditions during Operation: e

Other Considerations: R _

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
1 Low L1 Mediurn ) High A Very High

AP 127 12 TR)



A~47

SURVEY OF COAL PROCESS INSTRUMENTATION

Initiats: _ N:0. Date; __10~28-75 Frocess: _fluid Bed Combustion
{Foster-Wheeler-source)

Scate: [ PDU O Piiot O Demo k! Commercial
CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _Particulate loadipg of gas

Reason Needed: _ Turbine protection

Present Method of Determination:

Ewvaluation 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 \NSTRUMENT

Accuracy and Precision Requirements: ___

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility tor Maintenance: __.

Reliability and Lifetime Requirements:

Ambient Conditions during Qperation:

Other Considerations: ___ _

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IM THIS PROCESS
O Low O Medium O High bd Very High

AP-123 {2-78)



A-48

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



A~-49

SURVEY OF COAL PROCESS INSTRUMENTATION

Initais; . N.Q.

Scale: 0O POU O Pilot (1 Demo k] Commercial

CHARACTERIZATION OF THE MEASUREMENT

(©.F. Braun)

_. N Date. . 10-28-75 ____ ___ Process: .Coal preparation

Quantity to be Measured: C, H, O content of coal pn-line or even rapid lab technique

Reason Needed- _Process. contrpnl .

Present Method of Determination:

Evaluation of Preset Method ™ _.. — . . . . . __.

Range of Possible Vanation:  _ R

Physical Conditions Ass: ~iated with the Quantity
t¢ oe M-asured

Pressure: __ _ _ __ —_

Temperature: . __ e

Composition. _cpal

Density: _ o e

Other: __ 20225000 .T/day— . oo .

RESTRICTIONS ON THE INSTRUMENT

Accuracy anu Precision Requiremenis: _

Sketch with Container Dimensions/Materials

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process: ___ __

Accessibility tor Mgintenance:

Reliability and Litstime Requiremants:

Ambient Conditions during Operation:

Other Considerations: __ S

PRIORITY f JR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

0O Low O Medium & High O Very High

AP123 (2 M)



A-50

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: __N-0.

Date: __ _10-28-75

Process; . HYGAS

Scatle: [JPDU ¢ Pilot {1 Demo

CHARACTERIZATION OF THE MEASUREMENT

O Commercial

Quantity to he Measured: _farbon-to-ash ratio in char stream from lst stage to 2nd. stage.

hydrogasification

Reason Needed: ._Process_control

Present Method of Determination: .

Evaluation of Present Method: __ _ ____

Range of Possible Variatien:

Physical Conditions Associated with the Quantity
to be Measured

Pressure: _1000 psi

Temperature: _1200-1400°F

Composition: _char

Density.

Other:

RESTRICTIONS ON THE INSTRUMENT
Accuracy and Precision Requirementy’

Spatial L'mitations on Packaging:

Impact of Insttument Malfunctionon Process. __ _ .

Accessibility for Maintenance: ___ ___ o

Sketch with Container Dimensions/Materials

Rebability ond Lifetime Requirements:

Ambient Concitions during Operation: ___

Other Constderations. _ . . e e e e

PRIORITY FOR DEVEL.OPMENT OF INSTRUMENTAT!ON FOR THIS MEASUREMENT IN THIS PROCESS

O Low O Medium & High L1 Very High

AP 12) (2 I8}



A-51

SURVEY OF COAL PROCESS INSTRUMENTATION

Imivats: N.O. . ____ _ Dste _ 10=28-73 - Process: HYGAS . .. . _ .. ___
Scaler [ PDU G4 Prlot [ Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT
Quantiiy to be Measurad _Carbon-to-ash ratio in rhar stream from 2nd stage hydrogasifiier
.Lo char gasification .. _ . _ .. ... o L __ ..o
Reason Needed: _. Process control . _ . o . . oL o el e e

Present Method of Determunation. . o o o e e et e mm e mm . e . e

Evatuation of Present Method ____ _ . __ . e e e e e
Range of Possible Vauatwon _ —_— e e i e e = e ——
Physical Conditions Assocrated with the Quantity Sketch with Container Dimensions Materials

10 be Measured

Pressure 100Q psdg - . __ . ...

Temperature 1600-1800°F. -

Composton char .. . __  _ __ _._

Density b lbs!lt]- (ast.) . - - i
Other | e e :
RESTRICTIONS ON THE INSTRUMENT
Accuracy and Precision Requirements. . __ . . _ . _ e e
Spatal Limntations on Packaging. __ __ . _ . .. __ .l o i e o -
impact ot Ingtrument Maltunction an Process: - - e e e ———— —

Accewsibility for Mauntenance: ,ﬂ center of r_gactoi_

Reliabitity and Lifetims Requiremaents: e e e e L
Ambient Conditions durning Operation: _ ——— e e e — —— e e e — =
Othar Conuderations: . ____ - e e+ e - —— e —— o .

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
0O Low 0 Medium & High D Very Hgh

APII (2 7H)



A-52
SURVEY QF COAL PROCESS INSTRUMENTATION

Inihals N.O. e e . Date _)0=28-25 . Piocess HYGAS -
Scate  [1PDU (& Pilot 0 Demo ] Commerciat

CHARACTERIZATION OF THE MEASUREMENT
Quartity to be Measured  Carbon-te-ash ralio ia the rafusy clwe.
Reason Neeaed _ Process control . R
Present Method of Determination ——
Evatuation of Present Method
Range of Posuible Varation o -

Phyiical Conditrons Associated with the Quantity Sketch with Container Dimensions Matenialy
to be Measured .-

Prescure — .- e m—e -

Temperature  1800-1900°F _

Compostion  _ | -

Denuty

Othee C ..
RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements

Spatia! Limitations un Pachaging

Impact of Instrument Malfunction on Process . -

Accessibuhty tor Maintenance - .. -

Reliabihty and Lifetime Requiremaents. e e _ .. - e -

Ambient Conditions d'ring Operstion . ____ el . _

Other Conuderations  _ __ e e e e e - -
PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

() Low 1) Medwum 3 High (1 Very Hygh

AP 1Y) (210



A-53

SURVEY OF COAL PROCESS INSTRUMENTATION

intaly  N-O. Date _10-28-75 _ _ Process: __HYGAS ——

Scale  [1PDU 4 Priot (J Demo {] Commercial
CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured  Sul fur content in the refuge char . . _

Roason Needed _Process conatrel = .

fresent Method of Determvngtion .. . . __. —_— -

Evaluation of Present Method . . e e —_

Range o! Posuble Variation e el S, .

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

10 be Measured e e ——

Pressure . . —— . { *
;

Tempetature l_g'J 90,,005

Compoution  _ . |
Density - -
Other .. .. o e e -

e ; e e

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precipion Requirementy . . _ R
Sostial Limitations on Packagiyg e e e
Impact of Instrument Malfunctwon on Process . L . o o e
Accesubihty for Mantenpnee: .. . . — —
Reliability and Lifetime Requirements: . _ . .
Ambiert Conditions during Operation  _ . . _ —
Other Conpsderations. ___ .. e m e e -

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PRUCESS
O Low O Medium i High O Very Hgh

AP 12212



A~54

SURVEY OF COAL PROCESS INSTRUMENTATION

tnmals: __N.O. ~  pae 10=28-75_ . Process HYGAS _ . R
Scale: [JPDU W Pilot U Demo [ | Commercial

CHARACTERIZATION CF THE MEASUREMENT

Quantity to be Measured. _SLiieam composition in the steam-iron hydrogen . producer Fe,Al,Si

Reason Needed. _ . _ ___ __ . ___ ___.___ .___ ... .. _

Present Method of Determination. .

Evaluation of Present Method ___ _______ _ __ . . e e . .

Range of Possible Varaation: _ . . . . . ... _— . .
Physical Conditions Associated with the Quantity Sketch with Container Dimensions 'Materials
10 be Measured e e e . e .

Pressyre:  ___ _ . .

Temperature . __ .. . . . ..
Composition. _ 2.50% Fe i
e e e ———— |
Density- e e e
Other _ ... '

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements . _ ___ __ . . oL L

Spatial Limitavons on Packaging .. . . e e e el e -
impact of Instrument Malfunction un Process e e e - B, -
Acceswbiity tor Maintenance. .. _ .. __ e e e e e
Relgbility and Litetvme Requrements . . _ — ———— e
Ambient Conditions during Operstion . . _ . _. e

Other Conuiderations  _ . . ___ . o ol e ik e e
PRICRITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
U Low 0 Medium (d High C Very High

AP 2] 12 18)



A=55

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date: . 11-4-75 Frocess: C02_Acceptnr

Scale: O PDU @3 Pilot [J Demo O Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quentity 1o be 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 Varniation . .

Physical Condit.ons Associated weth the Quantity Sketch with Container Dimensions/Materals
to be Measured B ——— . _
brosswre 150 PSLE /-refracio.-y Va 3 Hy0 jocket
, y |
Temperature. l_SOOOF_ﬂ__ I ! J’-— A'_Qi.ﬂ..q: g I |
Composition. ¢har/1imestone ___ —~ "_|2'|4" - Commercial
S J 59'ID

100" height
8" steel wall

Density. _ . ____. P \;

Other . . e il i e i e

e e e e e e L .)

RESTRICTIONS ON THE INSTF’UMENT
Accuracy and Precision Requirements e

Spat:al Limitations on Packaging: — — et e e e e

Impact of Instrument MalfunctiononProcess . . _ __ ___

Accessibility for Mmintenance: _ _ . _ e e - .

Reluabihty and Lifetime Requirements: _ _ _ __ . _ ——

Ambient Conditions dur:ng Operation: —_— N

Other Conuiderations: . __ . . __ ——— - -
PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THISE MEASUREMENT IN THIS PROCESS
0O Low O Medium U High O Very High

AP 123 (2 76}



A-56

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: _ N.O. __ Date:. 11=6-=75 __  ___ Process. C._Q?_i\ifﬁpt_(l!’ e
Scale: [ PDU & Pilot 0O Demo [ Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _Chemical compusition of materials in gasifier and regenerator

Reason Needed® __ - - e oo -
Present Method of Determination: . - et e e e
Evaluation ot PresentMethod: . ____ I
Range of Possible Variation: _.___ .. ___ . S e e = s
Physical Conditions Associated with the Quantity Sketch with Container Dimensions ‘Materials
to be Measured U L Ll e
Pressurer 130 psig c_—— I :
Temparature Jﬁﬂﬂgﬂﬁ_ e !
Compostion:  ____ . _ . __ j
e e ‘
Denuity e e e
Othee . __ - ‘

!
e l L j

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Rogquirementy . . - oL .
Spar.ol LimitationsonPackagng: ...~ . . __._ _ . e e e e
Impact of Instrument Mallunction on Process e e e
Accessibibty for Maintenance. e e e i e
Reliability and Lifetime Requirements: _ _— - - e e
Ambient Conditions during Qperation: . - e e e et e —— e ———— e
Other Consderations: _ e S

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT (N THIS PROCESS
O Low 0) Medium 0] Hign 03 Very Hgh

AP 12312 18



A-57

SURVEY OF COAL PROCESS INSTRUMENTATION

Inmpats. . NO,

Scale  [1PDU O Pilot

U Demo

Date: __11=4=75 _ .. Process: _BIGAS

[ZCommercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity 1o be Measured

Reason Needed __ _ _ _

Present Method of Determination

Evaluatiun ut Present Methtd

Range ot Possible Variation -

Physical Conditions Associated with the Quantity

to be Measured

Pressure  200-1500 psig -
0

Temperature  1000°F .

Compﬂ‘.lhnn

Density

Uther e -

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requiremanits

Spatial L'imitations on Packaging. _—.

impact of Instrument Mallunction on Process:

Accessibility for Maintenance: _ _ .

Carbon to ash ratio in ash slurry

(C.F. Bruun, source)

Sketch with Container D mensions Matenials

i
i

Rehabidity and Lifetime Requirements:
Ambient Conditions during Operation:

Other Considerations. _

O Low (1 Medium U High

AP 123 (2 18}

D Very High

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS



A-58

SURVEY OF COAL PROCESS INSTRUMENTATION

N.O. 11-4~75

Initials: .. _ Date. _ _11=3=73 .. Process COED

Scale: 0O PDU Pilot L1 Demo T Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured. Volatile content of coal and char_

Reason Needed: Process control - agglomerating temperature related to volatile content

Present Method of Determination. __. e e e e e e

Evaluation ot Present Method: P o _ ) I

Range of Possible Variation: ____ — —_— e

Physical Conditions Associated with the Quantity Sketch with Container Dimensions‘Maternials
to be Measured e

U-15 psig

Pressure: .

Temperature, __2@b. = 1600°F

Composition: . o

Density: —— . —

Other: e

e — . —_—— - !

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements: - e — -

Spatial Limitations on Packaging: _ — _.

Impact of Instrument Malfunction on Process: S

Accessibility for Maintenance

Reliability . nd Lifetime Reguirements: _—

Ambient Conditions during Operation:

Other Considerations: __More important to this process they fixed C_

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

OLow O Medium 0O High {J Vary High

AP 123 (2 78)



A-59

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials N.O Date

{J Demo

Scale. [ PDU & Piiot

CHARACTERIZATION OF THE MEASUREMENT
0

Quantity to be Measured lumtﬂ}t _i.n the ti.f,!.;.t_ Stage reac_rgr (pretr_e_‘?.?.?_r..’.._

Reason Needed
Present Method of Determination

Evaluation of Present Method

Range of Possiblie Variation

Physical Conditrons Assor.ated with the Quantiny
1o be Measured

Pressure: ¢35 prig- - — - -
o50°F. — ..

Temperature

Compositon. . - _ . .

Density

Othar

RESTRICTIONS ON THE INSTRUMENT
Accuracy and Precision Requirements:

Spatial Limitations on Packaging. .

 Unsatisfactory

letm?5 .

7 Commercial

——_ Process. __EOED

..Q'J must he sufficient to prevent caking, but decreases oi] yield

Sketch with Container Dimensions/Matenals

Impact of Instrument MaltunctiononProcess: . ___

Accessibihty for Maintenance: ____

Reliabity and Litetime Requirements:

Ambient Conditions during Qperation:

Other Considerations: . _ _ __ __ __ _

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

d Low O Medium O High

AP 123 (2 1B}

Gl Very High



. N.
Initials: ___

Scale: [ PDU

A--60

SURVEY OF COAL PROCESS INSTRUMENTATION

Date: 11"4”.15 Process: _SRC

(B Pilot

(O Demo {1 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measuied:

Sulfur content in process streams

3
-

v
Reason Neeged: _l-_rncess control, environmental protection

Present Method of Determination: _Laboratory analysis of samples

_y:

Not on line

Evaluation of Prasent Method: _ _

Range of Pos:ible Variation:

Physical Condi‘ions Associated with the Quantity

to be Measured

Pressure:

Temperature:

Composition: __._

<1000 »sig

0.1 - 107

Sketch with Container Dimensions/Materials

<600°F

Density*

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Lirnitations on Packaging: _._

Impact of Instrument Malfunction on Process: __ —

Accessibility for Maintenance: _
Reliability and Lifetime Requirements. __ —
Ambient Condhtions duning Operstion: . _ . __
Other Consideratians: .

PRIORITY FOH DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

OLow

AP (2 M

(1 Medium

{3 High 2} Very Hgh




A-61
SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: _NC- Date: _11-4-75 Process: _ANL

Scale: PDU O Pitot 2 Demo T Commercial
CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measu.ed: _S in regenerated limestone stream (future)

Reason Needed, _ Frocess 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 e

Pressure; _ 130 psig

o
Temperature: 1700 F

Composition.

Density: _

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatisl Limitations on Packaging:

Impact of Instrument Malfunction on Process.

Accessibility tor Maiatenance:

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 £ High 0O Very High

AP 123 (2 78]



A-62
SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: _N:0. Date: _ 11-4-75 Process: ___ANL
Scale: PDU 3 Pilot {0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: MLMEMMW -

Reason Needed: __Processg 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 ne Measured

Pressure: _ 30-150 psig

Temperature: __amb, -1700°F

Composition:

Density: _

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitatinns 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 ¥ .ASUREMENT IN THIS PROCESS
O Low 0O Medium kHigh O Very High

AP-123 (2-78)




A-63

SURVEY OF COAL PROCESS INSTRUMENTATION

Initiats: _ N.O. _ Date: _11=4-75 Process: __EXXON

Scale: £l PDU I Pilot ] Demo O Cornmercial

CHARACTERIZATION GF THE MEASUREMENT

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

Reasnn Needed: _Process control

Present Method of Determination:

Evatuation of Present Method:

Range of Pocsible Variation:

Physical Conditions Associated with the Quan‘ity Sketch with Container Dimensions/Materials
to be Measured

Pressure: _150 psig

0
Temperature: Al700°F

Compuosition:

Qensity: . . __ .__

Other;: __ _ ___ ___

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Peckaging:

Impact of Instrument Mslfunction 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 00 Megium O High D Very High

AP 12) (2 18}



A~64
SURVEY OF COAL PROCESS INSTRUMENTATION

initials: _N.O. Date: _11-4-75 Process: __CPU

Scale: (@ PDU O Pilot O Demo 00 Commaercial

CHARACTERIZATION OF THE MEASUREMENT

On line Ca, Ca/$, perhaps S & Fe content of dolomite

Quantity to be Measured:

recirculating loop (future)

Pro
Reason Needed: cess 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: 60 psig

Temperature: A1700°%F

Composition: Dolomite

Density:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requiremants: .

Spatial Limitations non Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance: _

Reliability and Lifetime Requiraments:

Ambient Conditions during Operation:

QOther Considerations:
PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
OLow O Medium Gt High O Very High

AP12] {2 78)



A-65

SURVEY OF COAL PROCESS INSTRUMENTATION

initigls: ___ N0+ Date; . 11-5-75 Process: _CPU

Scale: & PDU O Pilot J Demo O Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _On line Ca, Ca/S, perhaps S & Fe content in cyclone dip leg. __

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 b» Measured

Pressure: 60 _psig |,¥'
0
Temperature: 1450°F :%/
Composition; Sulfated dolomite, ash /j
]
”
Denuty e e e e ’ .
12-17 Ibs/min
Other. ___ . ____ ... —

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements  __ __ . _ . __ . __ _

Spat:al Limitations on Pachaging: el e e e e

impact of Instrument Maltunction on Process e e

Accesuibility lor Maintenance: e e e e e e e

Relupbibity and Lifetime Requiremerty: __

-—— e T ——————— e s e

Amt-ent Conditions during Operation e e o .

Othei Consderations  _ A e e e e
PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
‘1 Low . | Medium i Hgh L Very Hgh

AP I3 M



A-66

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: N.O. Date: _11-3-75
Scale: EIPDU O Pilot O Demo C Commercial

- Process: PER _  __ _ ___ .. _ ________
(W. Yelch-ERDA-FE)

CHARACTERIZATION OF THE MEASUREMENT
Quantity to be Measured: _Carbon to ash ratio in satack precipitators - especially from . _
_carbon byrpup cell 0 o —

Reason Needed: _Process control

N S S

(ORI PR

Present Method of Determitation:

Evaluation of Present Method: - S

Range of Possible Variation: — }

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
1o be Measured

Pressure: __0 psig

o
Temperature: <2000 F

Composition:

Density:

Othar:

RESTRICTIONS ON THE INSTRUMENT

Arcuracy and Precision Requirements:

Spatial Limitations on Packaging: -

Impact ot Instrument Malfunction on Process:

Accesubility for Maintenance: ___ —_— .

Reliabnility and Lifetime Requ rements:

Ambient Conditions during Operation:

Other Conuderations: _ __ ___ . ... -

PRIORITY FOR DEVELOPMENT OF INS FRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
() Low [ Medium ® High 0 Very Hgh

AP 12312 10

<



A-67

SURVEY OF COAL PROCESS INSTRUMENTATION

N.O. 11-5-75 PER

Process:

Initials: Date:

Scale: kkPOU O Pilot O Deme O 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: O Psig

0
Temperature: 1550°F

char

Composition:

Density:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact ot Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Anmbient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
O Low & Medium O High [J Very High

AP 12) (278)



A-68

ELEMENTS IN GAS STREAMS



A-69

SURVEY OF COAL PROCESS INSTRUMENTATION

initials: _N.O. Date: __11-4-75 - Process: Methanatdon

Scale: O PDU A Pilot O Demo OO Commercial (C. F. Braun - Source)

CHARACTERIZATION OF THE MEASUREMENT

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

Reason Needed: _Pratection of catalyst

Present Method of Determination;

Evaluation of Present Merthod:

Range of Possible Variation:

Physical Condit:ons Associated with the Quantity Sketch with Container Dimeny dns/Materials
1o be Measured

Pressure: _

Tem.perature:

Composition:

Densiy: . ———

Other: ___ _ ____ —

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements;

Spatial Limitations on Packaging: . —

Impact of Instrument Malfunction on Process:

Accessibility for Manmenance. ___

Religbility and Lifetime Requirements: - —

Ambiem Conditions duning Operation. . _ . __ . __ .. — —-

Other Conmderations. . _ . ___ ____ . .. o __. _

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THISE MEASUREMENT IN THIS PROCESS
(J Low () Medium L] High {0 Very High

AP 12312 D)



A-70

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: _N.0. Date: ___11-4-75 Process: _EXXON =
Scale: B PDU O Pilot C1 Demo O Commercial

CHARACTERIZATION OF THE MEASUREMENT

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

Reason Needed: _Environmental protectijon - S

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: .20 psig -

Composition:

|

|

. 0 |

Temperature: _~1000"F |
|

|

|

Density:

Other: ‘
[

— — e ]

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Reguirements: P -

Spatial Limitations nn Packaging’

Impact of Instrument Malfunction on Process. _ _ __ _ N

Accessibility for Maintenance: —

Reliability and Litetime Requirements: —_ — . -

Ambient Conditions during Operation:

Other Convuderations: ____ . . B —_— - .

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
OLow O Medium i) High 1 Very High

AP 12V (2 )



A-71

SURVEY OF COAL PROCESS INSTRUMENTATION

initiats: _N»0. Date: __11-5-75_____ _ Proces.. _ CPU
Scale: B3 PDY O Pilot [0 Demo 0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: __Alkalil vapors in rurbine input

Reason Needed: MmauELhy_umuaLof_am:m—He—aﬂmﬁrwmles

Present Method ot Determination:

Evatuation of Present Method:

Range of Possible Variation: __pph_range

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

Pressure. 00 psig

Temperature. 14 5Q°F

+ 4+
Composition: _Na K

Density:

Other: _

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements: .

Spatisl Limitations on Packaging: __

Iimpact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Liletime Requirements:

Ambiam Conditions during Operastion: —

Othes Considarstions:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIE MEASUREMENT IN THIS PROCESS
OLow 0 Medium O High X Very High

AP 13 L2



A-72

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials; _N+0- Date: _11-5-75 Pracess: .__Pregssurized FRBC
Scale: 0O PDU 0O Pilot O Demo & Commercial (West inghouse)
CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _#1kali ion content of flue gas

Aeason Needed: __Lurbine 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: £2000

+ o+
Composition: _Ha ,K

Density:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Mzlfunction on Process-

Accessibility for Maintenance: ___

Reliability and Lifetime Requireinents:

Ambient Conditions duriny Opsration:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
OlLlow O Medium O High & Very High

AP.123 (2-78)



A-T73

MOLECULAR COMPOSITION OF GAS STREAMS



A-74

SURVEY OF COAL PROCESS INSTRUMENTATION

N.O. Date: _ 10-28-75 Process: CO2 Acceptor

Initials:

Scale: I PDU Pitot 0O Demo 0O Commercial

CHARACTERIZATION OF THE MEASUREMENY

Quantity tn be Measured: _G&88 Mmolecular composition

Reason Needed: __Frocess control and materials balance

Present Method of Determination: __Ga8 chromatographs

Evaluation of Present Method. __Unsatisfactory because of cali lon difficulty, fouling by

entrained fines

Range of Possible Variation:

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

Pressure: 120 psig

(4]
Tcmmra[ure; 1500 F

Composition.

Density

Other: —

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

impact of Instrument Malfunction on Process:

Accesnibility for Maintenancs:

Reliability and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
OLow O Medium O High O Very High

AP 12312 781



A-75
SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: _N.O. Date: __11-4-35 Process: __C0, Acceptor

Scale: [ PDU Gl Pilot 0O Demo O Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: Steam content of product gas

Reason Needed: _ 1aterials balance

Present Method of Determination: _

Evaluation of Present Method:

20-40% by volume

Range of Possible Variation:

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

Pressure: 150 . psig

Temperature: 15000.]:__..5__

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 Considarations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
O Low O Medium O High X3 Very High

AP-12) (278}



A-76

SURVEY OF COAL PROCESS INSTRUMENTATION

Initiats: __N.0. Date: __11-4-75 Process: __COED

Scale: O PDU & Pilot O Damo O Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _Molecular f ~H,S, €08

Reason Needed:

Present Method of Determination: _None

Evaluation of Present Method:

Range of Possibia 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:

Roliability and Lifetime Requirsments:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
Olow 0 Medium £kHigh O Very High

AP.123 (2-75)



A-77

SURVEY OF COAL PROCESE INSTRUMENTATION

Initials: N.O. Date: 11-4-75 Process: .. COED
Scale: O PDU {4 Pilot 0 Demo [0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

i . 5 i
Quantity to be Measured: ""‘Q2— n_stack gas

Reason Needed: _EPA requirements

Present Method of Determination:

Evaiuation of Present Method: __Unreliable

Range of Possible Variation:

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

Pressure: _0 psig

)
Temperature: 1600 F

Composition:

Density:

Other:

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements.

Spatiai Limitations on Packaging:

Impact of tnstrument Malfunction on Process:

Accessibility for Maintenance:

Relisbility and Litetime Requirements:

Ambient Conditions during Operation:

Other Considerations: -
PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
O Low 0 Medium £l High J Very High

AP-123 12 78)



A-78

SURVEY OF COAL PROCESS INSTRUMEMNTATION

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

Scale: OPDU = Pilot O Demo 0] Commercial

Initials:

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _Gas composition - hydrogen recycle . _ __ .. ...

Reason Needed: _Process control, materials balance ... .. _ .

Present Method of Determination 1) On-line gas chromatoegraph, Beckman 6200, 2) Infrared €Q,CO
(Beckman), 3) 0, (lockwood & Mclorie) 2

Evaluation of Present Method: 1.2,3_Satis(actory results if sample remains gas at ambient

conditions, but time lag in analysis and calibration are disadvantages . _ .

Range of Ppssible Variatio: _____ —_ ——— e e

Physical Conditions Associaunu with the Quantity Sketch with Contar »r Dimensions/Materials
to be Measured S

Pressure: 1700 psig =
0
Temperature: 100°F =

Composition: ____ _ ___ __ _ _ .. _.. ._ ___

Density

Other: e o

|
|
B : |

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements: __ _

Spatial Limuitations on Packaging:

Impact of Instrument Malfunction on Process. ___ . _ ______

Accessibility for Maintenance:

Reliability and Lifetime Requiremants:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEABUREMENT IN THIS PROCESS
O Low [ Medium O High i Very High

AP 12) (2 18



A-79

SURVEY OF COAL PROCESS INSTRUMENTATION

N.U. Date 1-4-75 Process  EXXON

Imitigls

Scate  §: POU Lo Prbent L. Doma i.. Commacul
CHARACTERIZATION OF THE MEASUREMENT

Quantity 1o be Measwred (a8 composit fon ,’5_0‘.4..50?;- <o, .04_; e e

Aesson Needed | TOUCHH_control, environmental protection
Present Method of Determiration 1) Infrared 2) Polaragraphic | .
Evaluation of Present Method °_Binute cycle, continuous sappling, peviodic update by recorder,

sample questionable afrer clcanup, cooling (1500°F_to 200°F), and_seisture removal

Range of Posuble /atation - . e e e - e
Physcal Condrtions Associated with the Quantity Sketch with Container Dimensions Materialy
10 be Measured I e e e e .
Pressure 150 paig e

(4]
Temperature 1_50_0,.". e

Compostion <1000 ppm

Density . _ . N - o - |

Other o ‘

el ———— L . e - . —
RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requerements . . . o et o e e e

Spatial Limitatians on Packaging: e e e e

Impact of Imtcumert MattunctiononbProcess. . .

Accessibility for Mantenance; e e e . - _ — .

Reliability and Lifetime Requirements. _ e e

Ambient Conditions during Operation e e e e o e

Other Conwderaions _ . . . __ . __ . ...

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR YHIS MEASUREMENT IN THIS PROCESS
UJ Low () Medium & High 0] vev High

AP 120 12 15}



A-80

SURVEY OF COAL PROCESS INSTRUMENTATION
Inituals. NoQeo . . o Date: _11a5-75%— ... —__ Process: e
Scale  KXPDU 23 Pilon il Demo [} Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured MOIL‘LUIJI’ Lompo-altion of of gas_ 502_,_ , 3, co, CO%,_ hydrocarbons,
Qg HCy el

Reason Needed: _PTVCESS control, environmental protection

Evaluation of Present Method Nothing cluse to being acceptable with problems o

-
"
Igs
1=
"
=
=
[
L

H,Q and particle removal and cooling and depressurization

Range ot Possible Varation . _ . _ .. . _— I ——

Physical Conditions Assaociated with the Quantity Sketch with Container Dvmensions/Materiats
10 be Measured . e —

60 psig

Pressure - F32'S ..

Temperature 11‘50 F |

Composition.  __ ______  _ __ .. . _

Density . e e e i

Other e

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements | -

Spatiat Lrmitations on Packaging  _ . e e e — e —

impact of Instrumem Malfuncteon Process _ . . L L ——
Accesuibility 1or Maintenance S .
Reliab ity and Litetime Requirements, e e -

Ambient Condstions during Operatiun .- e e . -
Other Considerations,. . __ - e e e — e

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
(. Low (! Midwum & High [ | Very High

AP 12312 1%



A-81

LEVEL OF OIL/WATER INTERFACE



A-82

SURVEY OF COAL PROCESS INSTRUMENTATION

limtidls N.U.

Scale

Date

: PDU & Pilot o) Demo

CHARACTERIZATION OF THE MEASUREMENT

CA-3-

75 HYCAS

Process

[ Commercial

Quantity to be Measured  Oll-water interface level io_separatuor tor. sater and. oil

_condensed out of the product gas

Reason Needed

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: _oi.l_liahmr_thanﬂzo L

Other.

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Sketch with Container Dimensions ‘Matenials

Spatial Limitations on Packaging -

Impact of Instrument Malfunction on Proress: _ __

Accessibility for Maintenance:

Rehability and Lifetime Requirements;

Ambiem Conditions during Operation:

Cther Considerations: ___ _

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

) Low k! Medium O High {1 Very High

AP 120 (2 18}



Initials

Scale [ PDU

N.O,

% Pilot

A-83

SURVEY OF COAL PROCESS INSTRUMENTATION

Date 11-5-75 . Process. COEL . .

.. Demy;

.. Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measunod

Ofl-water interface level {p decauter (where condensed liguids

from process separate)

Reasan Nioeded

_Separate oil trom water

Present Aethod of Determination

Evaluatian of Present Method

Range ot Passible Vaniation

Physical Condmions Associated with the Quantity

to be Measured

Pressure
Temperature

Composition

Other

Specific gravityﬂ
Density .98 _light _1.1 heavy. _.

Sketch with Containet Dimensyions Mater:als

P e = . - e —

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requwrements: __ _ _ . . ___ __

Spatial Limitations on Packaging: _

linpact of instrument Malfunction on Process: —_—

Accessibility tor Maintenance: _ __._ . e

Reliability and Lifeume Requirements:

Ambient Conditions during Operation:  _ ______ __ _ . —_ —

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

[])Low

AP 2D 02 My

1] Modum

£] High

] Very High



A-84

SURVEY OF COAL PROCESS INSTRUMENTATION

Imuals  N.Q.. . . - Date  }}=5=75% - - . —— Process. . SRC

Scale. IPDUL i Piot v Demo i | Commercia)

CHARACTERIZATION OF THE MEASUREMENT
Quantity 1o be Measwred =€V ol water-oil dnterface
Reason Needed PYOCE8S8 control e e e -
Present Method of Determination. 1) Floats 2) Level glass

Evaluation of Present Method A11 unsatisfactory because of similarity of vil_and water in

1) densaty, 2) appearance

Range of Possible Variation . . . e - e

Physical Conditions Associated w.th the Quantity Sketch with Container Dimensiony Materals

10 be Measured P e e e e el
|

Pressure  _ . ____ _._ ... _ l
I

Temperature.  _ . _ _. .. - !

Composstorr  _ __ __ ____._ ... _.._

Density S e

Other Conductiviey of oil & water

differ greatly U

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements. | _ —_— L
Spatial Limitations on Packaging . . _ e e
Impact of Instrument Malfunztion on Process e el i e e e
Accessibility lor Mantenance, e N e e e e
Reliability and Lifetime Requirements: _ _ . _ _ e _ e
Ambient Conditions duning Operation:  ___ .. .. . . . o e
Other Considerations: _ .. . . . . .. .. oo e emr m e e

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
O Low L] Medium & High U} Very High

AP 1232 M)




A-85

FLUIDIZED-BED LEVELS AND DENSITIES



A-B6

SURVEY OF COAL PROCESS INSTRUMENTATION

Initals: _N-0. oo ._._ Date: . 11-5-75 _  ___ Processs . HYGAS
Scale. OJPDU 3@ Pilot U Demo ! Commercial

CHARACTERIZATION OF THE MEASUREMENT

Cuantity to be Measured. _Fluid bed_levels in hydrogasifier . _ .

Reason Needed: __Process control

Present Mathod of Determination: _Differential pressure —

Evaluation of Present Method: Fair, woyld like greater reliability and accuracy .

Range of Possible Variation: . _ __

Physicat Conditions Associated with the Quantity Sketch with Container Dimensions/Matenals
10 be Measured

e ——————— e

Pressure; 1000-1500 DSiE

Temperature: _16= 1800°F

Composition: _char

Density:

Other: _

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging: __

Impact of instrument Malfunction an 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 & Medium O High O Very High

AP 123 (2 78)



A-87

SURVEY OF COAL PROCESS INSTRUMENTATION

tnitials: _N.Q,_. - Date: 11'6._:.-"5

Scale: JJPDU 3 Pilot L} Demo

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: __Fluld bed levels in the steam-iron hydrcgen producers (future).

O Commercial

Reason Needed: ____ S

Bresent Method of Determination: ___

Evaluation of Present Method:

Process: _HYGAS

Range ~f Possible Variation: .. ____

Physical Conditions Associated with the Quant ty
1o be Measured

Pressure: .1_200 psi

(s}
Ternperature ‘650 F

Composition.

Density: . __

Other. ___

RESTRICTIONS ON THE INSTRUMENT
Accuracy and Precision Reguirements:

Spatial Lumstations on Packaging:

Sketch with Container

Impact of Instrument Malfunction on Process. _
Accessibihty ftor Maintenance.

Reliability and Lifetime Requirements:

Dimensions/Materials

Ambiemt Conditions during Operation

Other Conudwmations. .

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

ClLow (2 Medium [ High

AP 123 (2 7B)

O Very High



A-88
SURVEY OF COAL PROCESS INSTRUMENTATION

Initiats: _N.0. . Date: _11-6-75 Process: __COED
Scale: [OPDU 4 Pilot O Demo O Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _Fluldized bed heights and densities . _

Reason Needed: Process control - aveid carryover S

Present Method of Determination: Differential pressure hetween top and bottom . .
Evaluation of Present Method: Works fairly well, could he impraved o

Range of Possible Variation: __ _

l .
Ehys}c%ilégr?tﬁllgr?ssAsséclglgé iﬁﬁ'\ the Quantity Sketch with Container Dimensions/Materials

to be Measured

Pressure: O-15 psig =~ . .
Temperature 650-1600°F . __

Compostwen. char = _ ... _ _ _ _

Density - -

Other. Vossel walle A31/2V, L.D'& .

.5 L L § VU LIS & L AL S - —
In commercial-refractory lining of 1) & 4)
RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:  _ __ _ ____ _ ___ _ . __ .. S U,

Spatial Limitations on Packaging e e

Impact of Instrument MaltunctiononPracess.  _ __  _ __ _ . . -

Accessibiliiy for Maintenance: . - —

Reliability and Lifetime Requirements: . -_— _—

Ambient Conditions during Operation: _______ = —_— -

QOther Considerations. — _— — -

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT I'N THIS PROCESS
O Low & Medium O High O Very High

aP 12) 2 18



A-89
SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: _N.0O. Date: __11=h-75 Process: AN

Scale: POU O Pilot Ll Demo 1 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _Fluidized bed helght and-dersity- —

Reason Needed: Process control

Present Method of Determination:

Evaluation of Present Method: _

Range of Possible Variation: _al0_ £t

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

Pressure: 10 atm

Temperature: 1.500-1700°F

Composition: CafS X 1.2 to 1.9 wt.

Density:

"
Other: v £lu < 10 ft/see

e R R

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Pracision Requirements: B

Spatial Limitations on Packaging: o

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 3 Medium O High O Very High

AP.123 {2 75}



A-90

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: __N.,Q _ Date:

11-6-75

Process: EXXON

Scale: KIPDU O Pilot {0 Demo

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured:

[ Commercial

Fluidized bed height in combustor (& regenerator)

Reason Needed: Process control

Present Method oi Determination:

Differential pressure

Evaluation of Present Method: _oatisfactory except for plugpging pressure taps

Range of Possible Variation:

v fluidizing (superficial) 10 ft/sec in comb., 5 ft/sec in reg.

Physical Conditions Associated with the Quantity
to be Measured

Pressure: _120 Ppsig -
o
Temperature: 170031? comb
2000 F reg.
Composition: _Char/limestone ~ 5/l wt

in comb.; sulfated limestone in veg.

Density:

Other:

RESTRICTIONS ON THE INSTRUMENT

Sketch with Container Dimensions/Materials

Comba;ter Regeneratc;r_ ]
. 24 ’ 1g" g steel
1 g ’ REE |
-H o 4 4 |
7 7 11 ¥
?:}f l é '_:':'.Vé
/ ¥|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 Reguirements: _______

Ambient Conditions during Operation:

Other Considerations: __ . __ ..

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

O Low Medium L} High

AP 123 (2 75)

3 Very High



A-91
SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: _N.Q. Date: __11=6:=75 Process: __CpU

T

Scale: H®PDU O Pilot [J Demo [] Commercial
CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _Fluidizad bed levels

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 he Measured

60 psig

Pressure:

1450°F

Temperature: —

Composition: coal/dolomite n 2/1 wt

in combustor

Densisv:

Other: -

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliahility and Lifetime Requirements:

Ambient Conditions during Operation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
O Low I Medium O High O Very High

AP-123 (2-75)



A=92
SURVEY OF COAL PROCESS INSTRUMENTATION

Initials; _N.O. Date: ___11-6-75 ~ _ __  Processs Fluid bed combustion . _.
(Foster-Wheeler source)

Scale: [ PDU {1 Pilot 0 Demo Commercial
CHARACTERIZATION OF THE MEASUREMENT

Quantity 10 be Measured: _Fluidized bed level measurement . ... ..

Reason Needed: - _ R - —

Present Method of Determination: e

Evaluation of Present Method: ___. . e

Range of Possible Variation: __ __ — R

Physical Conditions Associnted with the Quantity Sketch with Container Dimensions/Materials
to be Measured _ _ — R

Pressure: . __

Temperature:

Composition: .

Density:

Other: .

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Pracision Requirements: -

Spatial Limitations on Packaging: . ——

Impact of Instrument Malfunction on Process:

Accessibility for Maintenance: e —_

Reliability and Lifetime Requirements: _

Ambient Conditions during Operation: ___ —_

Other Considerations: _ - -

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
O Low (% Medium O High tJ Very High

AP-123 {2 78)



A-93

TEMPERATURES IN REACTORS AND COMBUSTORS



A-94

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: _N.O., . A _ Date: 17675  process: _ BIGAS
C.F. Bra )
Scale: O PDU O rilot O Demo Kl Commercial ( raun source)

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Meured: _1eMPerature of stage 1 gasifier

Reason Needed: _ Lrocess control, safety

Present Method of Determination: e

Evaluation of Present Method: . __ . S

o
Range of Possible Variation: __~3000 F, cannot deviate >200°F from set pt. .

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured - . —— — — =
: 0 |
Pressure: 1650 psig — /HZO plpes 500 F ‘L
Temperature: 3000°F— v __ " L STUge 1 [
5 —» - by
- gasifier :

Composition: chag _

Density: _ e P . ) . ‘
Lo N |
Other: refractory <1 refractory |

sieel |

—_— ————— 0 O S I

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements: ___ _ __ __ _. _— e L

Spatial Limitations on Packaging: __ . e O

Irmpact of instrument Malfunction on Process: - .- e B

Accessibility for Maintenance' e e e .

Reliabwlity and Lifetime Requirements: ... . . . . e _.

Ambient Conditions during Operation. ____ . _ U

Other Considerations: —_ e e

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
O Low 00 Medium 0 High {8 Very High

AP 123 (2 78B)



A-95

SURVEY OF COAL PROCESS INSTRUMENTATION

11-6-75 Process: _BIGAS
(C.F. Braun-source)

N.O. Date: __.

Scale: O PDU & Pilot 3 Demo O Commercial

Initials:

CHARACTERIZATION OF THE MEASUREMENT

Quantity tc be Measured: _Jemperature in gasifier with rapid response for AT o 200°F )

Reason Needed: Frocess control, safety

Present Method of Determination. __lhermocoupies . —

Evaluation of Present Method: _ _Response H)P_.Slow —

Range of Possible Variation: —— - —_

Physical Canditions Associated with the Quantity Sketch with Container Dimensions/Materials
10 he Measured - - -

Prossure:  _. — \

Temperature: .

Composition: . ——

Density: ..

Other . o o e e

B S

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements: .. ___ ——

Spatial Limitations on Packaging: _ _ S

Impact of Instrument Malfunction on Process: . _. —

Accessibility for Maintenance:  _ . _  ___ __ _ __ ___. e

Reliability and Lifetime Requirements: — e o

Ambient Conditions during Operation: .

Other Considerations: N e — _

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
O Low 0 Medium O High & Very High

AP-123 {2.18)



A-96

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: __N.O. ) _ Date: _11-6=72 - Process: . HYGAS =~ _  _ .

Scale: OPDU & Pilot O Demo ) Commercial

CHARACTERIZATION OF THE MEASUREMENT
Quantity to be Measured: _ Temperature of stage 2 hydrogasifier . __. . .
Reason hizeded: _Process control, safery. . e o
Present Method of Determination: . e e L
Evaluation of Present Method: .. .. . _ ... _._ e e
Range of Possible Variation:  ___ __ . L . e e
Phys: al Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured e e e e = e e -
Pressure ___..1000-1500 psig . . .
Temperature. 1800°F
Composition: .
Density o
Other: _ - _—

RESTRICTIONS ON THE INSTRUMENT
Accuracy and Precision Requirements: e e e S 7 e
Spatial Limitations on Packaging: e e e e
Impact ot Instrument Malfunction on Process: _____ . __ _ _.__ . __ . e e
Accessibility for Maintenance: __ _ R o e e m e _
Rehability and Lifeum# Requirements: ___ _ — e -
Ambiant Conditions dunng Operation. __ __ __ . __ __ _____  _ o _ ... . -

Other Considarations. . _ _ . o o o e e e e e e
PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
L) Low L] Medium b8 High L1 Very High

AP 123 (2 8}



A-97

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: _N.O. Date: . 11-6=75 Process: __ EXXON

Scale;: KkIPDU O Pilot ] Demo 3 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity 1o be Measured: _Bed temperarure in combustor (& regsnerator when operational)

Reason Needed: _Process control, safety
Present Method of Determination: _Thermocouples (sheathed)
Evaluation of Present Method: _Satisfactory except for frequent fajlure 2.20=30 brs avg. time

Range of Possible Variation:

Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured C=combustor R=regenerator
Presswre: 10 atm (150 psig)
0 0o
Temperature: _1700 F{C)2000 F{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: o

Other Considerations: —

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
O Low O Medium B High (3 Very High

AP-123 (2 76)



A-98

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: _N.Q Date: __ 1l=f=25. . Process: _PER . . __
Scale: O PDU Pilot O Demo O Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _Lemperature in furnace

Reason Needed: _Erocess control

Present Method of Determination:

Evaluation of Present Method:

0 o
Range of Possible Variation: _1700-2000 F set pt. maintained to :200 F

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

Pressure:

1550°F except 2000°F in
Temperature: _earbon—burpup—eell———

Composition:

Density:

Other: _oxidizing atm.

~minute response

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

Impact of Instrument Malfunction on Process: .

Accessibitity for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Oparation:

Other Considerations:

PRIORITY FOR DEVELOPMENT OF {INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
D Low 0 Medium & High O Very High

AP.123 (2-75}



A-99

TEMPERATURE OF VESSEL WALLS (HOT SPOTS)



A-100
SURVEY OF COAL PROCESS INSTRUMENTATION

tnitials: _N.Q. Date: _11mg-35 _ Process: _Gasification

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

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: ot SPots on unjacketed vessels _

Reason Needed: Safety

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 PRCCESS
O Low O Medium G High (1 Very High

AP-123 (2 78)



A-101

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials; _N:0. Date: __ 11-6-75 Process: _CPU

Scale: O PDU 4 Pitot 0 Demo [0 Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _Hot _spots on and in vesasls

Reason Needed: _Safety

Present Method of Determination: llﬂmmwummmim_
Evaluation of Present Method: 1) Limited by area to he covered 2) Slow—and—strengly-atfeeted

by ambient conditjions

Range of Possible Variation:

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

Pressure: 60 _psig interpal =~~~
Temperature: 14 50° -

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
Otow O Medium GtHigh O Very High

AP 123 12 78}



A-102

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: __N.Q. Date: __11-6-75 Process: _ EXXON
Scale: EIPOU 0O Pilot 0 Oemo 0 Commercia!

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 siow, depends alsc on external conditions

Range of Possible Variation:

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

Pressure: _150 pate—dntermat———
Te nperature: 1700-2000°F internal

Composition: .

Density:

Other.

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements:

Spatial Limitations on Packaging:

tmpact of Instrument Malfunction on Process:

Accessibility for Maintenance:

Reliability and Lifetime Requirements:

Ambient Conditions during Oparation:

Jther Considerations:

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
i Low O Medium & High C1 Very High

AP 123 1308,



A-103

OTHER INSTRUMENTATION DEFICIENCIES



A-104

SURVEY OF COAL PROCESS INSTRUMENTATION

N.O.

Initials: Date:

11-6-75

_ Process: ._ SRC

Scale: T PDU ® Pilot O Demo

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _Pressure in vessels & heaters (real problem) ... .. ... __

O Commercial

Reason Needed: _Process control . .. _

Present Method of Determination: .Bourdon tubes, moving .diaphragm .. . __ ——

Evaluation of Present Method: _Unsatisfactory because of plugping and solidification .
Range of Possible Variation: _1000-2000 psi

Physical Conditions Associated with the Quantity
to be Measured

Pressure: _1000-2000 psig .. _ .. .

Temperature; R

Compostion: e

Density: . —. —

Other: _ _ . .. . —_

RESTRICTIONS ON THE INSTRUMENT
Accuracy and Precision Requirements: __ .. . _
Spatigl Limitations on Packaging: _ .

Impact of Instrument Malfunction on Process: .

Accessibility for Maintenance: ____

Sketch with Container Dimensions/Materials

Reliability and Lifetime Requirements: ____. _ . . . —

Ambient Conditions during Operation: ____ ________ .

Other Considerations. Process streams solidify at. w400 F. .

PRIOCRITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS

O Low O Medium @ High O Very High

AP 13312 1%



A=105

SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: _ -0« Date: __11-6-75 Process: __ SRC

Scale: [JPDU & Pilot {1 Demo O Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _E1quid 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 satisfactory, .

_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 _

Prassure:  9-1000 psig

0
Temperature: _amb - 850°F

Composition: _S01id_particles <25,m_ '
Density. . ____ e

Other: ol e

RESTRICTIONS ON THE INSTRUMENT
Accuracy and Precision Requirements: . _ il
Spatial Limitations on Packaging: . _____ . ___ . e il el
Impact of Instrument Maltunction on Process: _ __ . e e

Accessibility for Maintenance: ____ e R —— e -

Reliability and Lifetime Requirements: . —_— —- . N -

Ambient Conditions during Cperation: .. _____ e e e e e

Other Considerations: __ __ e e e
PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
O Low O Madium tl High [ Very High

AP 123 12 718)
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SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: _ N.Q —— Date:__33 g 35 . Process: __3RC R e
Scale: {JPDU & Pitot [J Demo O Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _Location of plug due to solidification of liquid process_stream

Reason Needed: Reduce down time when plug occurs

Present Method of Determination: _None . e

Evaluation of Present Method: — e I .

Range of Possible Variation: e ——

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

to be Measured e e . B
|

Pressure: _ ___ - ——

Temperature: __ ___ ..

Composition:  ____ . ___ ..

Denssty e L

Cther: . o o e

RESTRICTIONS ON THE !{NSTRUMENT
Accuracy and Precision Requirements . _ . . .. A,
Spatial Limitations an Packaging  _. . - .. - e
tmpact of Instrument Malfunction on Process - e e =
Accessibihty for Maintenance: __ ... _ . e o— S
Rehiabihity and Lifetime Requirements: . — e e e e = ..
Ambient Conditions during Operation _ __ o e el el -
Other Considerctions: . . . . et e e o e e e e
PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCE 1S
O Low €] Medium X High 3 Vary High

AP 12312 1%
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SURVEY OF COAL PROCESS INSTRUMENTATION

Initials: . N.0 Date: _ ,“f,6__.‘7_5_._,_.._-_- - __ Process: _CPU - -

Scale: @A PDU O Pilot Ul Demo [) Commercial

CHARACTERIZATION OF THE MEASUREMENT

Quantity to be Measured: _Abrasive wear on pipes and deflector in alumina bead circulation
_in granular filter . B
Reason Needed: _Safety .~ . .. . .
Present Method of Determination: - U - — — e
Evaluation of Present Method- .. . . - A
Range of Possible Variation: . . - - e —
Physical Conditions Associated with the Quantity Sketch with Container Dimensions/Materials
to be Measured S R, ——————— 1‘
Pressure: f’(_) P_Ei e |
Temperature: in?@ig_v_,-ffww o |
Composition: il.g_o_g.__t_".l_“ﬂ!_. e - ;

|
Densay S S, ;
Other o e e 5

RESTRICTIONS ON THE INSTRUMENT

Accuracy and Precision Requirements: __ . | U
Spatial Limitations on Packaging: .. - . e e e e
Impact of Instrument Malfunction on Process: e e
Accessibiity for Maintenance: . L
Reliability and Lifetime Requitements: _. _ . S . e
Ambient Conditions during Operation: . . . - —— e —ee
Other Considerations: ___ . _. . _____ _ . .. .. - —— ———

PRIORITY FOR DEVELOPMENT OF INSTRUMENTATION FOR THIS MEASUREMENT IN THIS PROCESS
L] Low 3 Medium % High {1 Very High

AP 123 (275)
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1. INTRODUCTION

This report preszents 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 2scertain 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 searcn 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 uof 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
systems.

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 sultable for use Iin demonstration and commerclal 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 scale 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 omn 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 colurm indicates the items of information changed during the last
revision. The remainder of the record fermat is self-explanatory.

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

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, DISCUSSTION

4.1 A total of 4,569 instruments were examined for potential problems
in large scale cnal conversion application., Of these, 92.6% were evaluated
as being of no fcreseeable problem in scale-up application. The remaining 7.4%
required further examination before a meaningful evaluation could be made.

4,2 Pro:ess Application:

Instruments shown on Process Flow Sheets which were reviewed, were
well applied within the limits of technelogv when purchased. However, In each
case, the instrument's function was carefully weighed agalnst 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 thouph not part of the study scope, and are
given in Section 5 of this report,

4,4 The Second Evaluation Approach:

The appreach used for the second evaluvation of any insirument
device was primarily a subjective one, and relied on enpgineering 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 pas (vapor)-
particulate mixture (as in the C0, Acceptor Plant) is discussed in paragraph
6.1.3.

4.5 Second Evaluation Results:

The results of this second evaluation are piven in Section 6
of this report and are categorized bv plant, and by physical parameter
{measurement).

In several cases, instrument problems for the existing plant
were found tu 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 heatinp elements
in the pilot plant were there to solve operational problems (coking, etc.) on
the heaters. See paragraph 6,1.2,

It can he anticipated t! * strinpent operational requirements
for a scale-up application mav pive rise to instrument applications not of
concern on piloc plants. For example, the large quantities of potentially
hazardous materials wiil raquire numerous devices to automatically initiate
protection systems upon detection of sipnificant process deviations, These
deviations may occur as a result of equipment failures, operator crror, 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 followling 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 supgest specific applications for each of
the suggested Instruments would take much more time than the present study
permits,
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4.6.1 Manufacturer's Data Sheets

4.6.1

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.
Ircon

Ion Track Instruments, Inc.
Kay Ray, Inc.

Kistler

Lebow

Nusonies

Solatron/Solartron
Standard Controls, Ine.

Teledyne
Transducers, Inc.

Viatran
Wahl
Wesmar

Data not included, but recommended:

Thermowells

Level Instrument

Process Chromatograph
Sulphur Titrator

Density Gauge, Mass Flow
Flowmeters

Strain Gauge Transducers
Non-Contact Temperature
Clampitron Flowmeter
Fuel Gas Colorimeter
Stack & Atmosphere
Menitors

Mass Spectrometer
Flow/No Flow Switch
0il/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
Straln Tauge Transducers
I. R. Thermometers

Ultra Sonic Level and Flow

Schaevitz Handbook of Measurement and Control.

Avallable from:

Torkelson Associates (312) 446-9085

The Bell and Howell Pressure Transducer Handbook.

Available from:

Envirometrics
Specializing in:

13311 Beach Avenue
Marina Del Ray, Calif. 90291

(213) 821-4918

CEC Division (312) 298-2450

Noo, NOx, C0, S0;, HyS Emissions
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Multi~Gas Mass Spectromete:r

Perkin~Elmer Corp.
Industrial Instruments Division
Pomona, Calif.

Local Rep. may be called at 495-3700
4,7 Development Required:

There will pe development, or improvement of existing instruments
required. In Sections 6.1 thru 6.5 below, analysis of our second evaluation
sugpests approaches; but realization of the physical size of projected coal
conversion process vessels mandates that a completelv different approach
should be considered as an alternative,

Qur 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. 0il/Water/Tar Iuterface 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 Comntrol
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. C(oal 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 pressueres 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 ocr 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:



Solids/Mass Flow Rate

% Solids in Slurry - (Density)
0i1 - Water Interface

Bed Heights

Bed Density

Ho Flow Rate

0> Analyzer

50; Stack Gas

Hp5/C0S

C/Ash Ratio

Sampling Technique
Chromatograph Improvement
Fe/H,/Steam

Slurry Melting Point

D/P Interpretation
Char/Acceptor Proportion

Thermowell Failure

COED Accggior SRC Synthane HYGAS
X X
X X X
X
X X
X
X
X
X
X

X
X
X
X
X
X
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,

sets as follows:
6.1 COED
6.2 CO; Acceptor

6.3 Synthane

6.4 SRC
6.5 HYGAS
6.1 COED.

Instrumerts Reviewed and Comments.

6.1.1 ANALYZERS, Pyrolysis and Recycle Gas.

These are broken down by plant

Recommend standards for sample conditioning and instrument

sensitivity,
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6.1.2 TFLOW 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, Recvcle Gas, Pyrolysis (Cas, 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 linec 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.

0il Storage, 0il/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 0il Level Transmitter.

0il Levels on both the Slurry 01l (Filtrate) Tank and the
Precoat Mix 0il are necessary.

6.1.4.C Pyrolyzer Fluid Red 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 H,5 and COS
will be required in a full scale plant. H35 and COS will exist in fairly
large amounts in phase I gasification. After purification, analyzers sensitive
to minute quantities of Hy;5 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 CO; ACCEPTOR Instruments Reviewed and Comments.
6.2.1 ANALYTICAL Chromatograph.

In this case observe the application. Check sample condi-
ticning. 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. FEither way
clamp on sonics or ultrasonics would Le 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 contvoller adjustment.

€.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 meosurement 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 CO; 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 definnd, except in purge flow and pressure devices. Separate
purge flow sheets woul:d 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. O0il/water interface
problems alsc 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 Corments.

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 desipn conditions and care-
fully located. Gas under analysis should be conditioned as described by
recommeinded standards for sampling conditioning (Section 5.2.2). H,S5, 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 contrel 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. Fossll fuel plant fly ash level may be a similar case, it is felt that
nuclear gauging might be more reliable on scaled-ug plants,

6.4.3.A SLURRY TAKNK 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 GCASIFIER/PREHFATER 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 cils and water render normal level gauging
totally inadequate. A better way must be found to measure 0il/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, €O, Hy, and Quench Gas. H,S8,
COS Analyzers are not shown and should be shown hecause of State requirements,
moreover a Btu recorder is not shown. A scanning valve 1s 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 Prccess shows complexities that do not appear in

other processes, probably because of the age of the process and the level of
documentation achieved.



ZRDA COAL CONVEISION INSTRUMENTATION REVIEY FOR THE COED PROCESS
INSTRUMENTS WHICH RRE RCCEZEPTABLE IN SCALED UP PLANTS

DEVICE FLOW SHEI T MEASUREMENT NAME / COMMENIS

I.D. NO. BKC 2383

AT 001 113-1 INSTRUMENT AIR DRYER BED 1 MOISTURE INDICRIOK

AT 002 113-1 INSTRUMENT AIR DRYER BTD 2 MOISTURE INDICATOR

AM 091 111-3 ROLIER MILL MOTOR AMMETER

aM 002 111-3 MAIY¥ AIR CIRCULATING FAN AMMETER

AN 119 111=-2 COAL 3ILO LEVEL HI ALARM

Ay 137 111-3 VZILOCITY SEPARATOR TEMPERATURE HI ALARM

AW 15)-4 111-3 PULVERIZED COAL STORAGE TANK LEVEL HI ALARM

AN 159-~1L 111-3 PULVEFIZED COAL STORAGE TANK LEVEL LO ALARH

AN 224 111-4 FIRST STAGE RECYCLE GAS COMPRESSOR DSCH PRESS ANNUNC

AN 215 171=-4 FIRST STAGE RECYCLE GAS COMP SUCTION HDR PRES5 LO ANNUNC
AN 218 111-5 FIPST STAGE OYL DEHYDRATOR LEVEL ANNUNCIATOR

AN 223 111-5 FIRST STAGE OIL WEIGH SCAL® WEIGHT HI ANNUNCIATOR

AN 229 111-5 FIRST STAGE DIL WEIGH SCALE WETGHT HI-HI ANNUNCIATOR

AN 247 111-7 FOUPTH STAGE PYPOLYZER OXYGEYN INLET HI Plc35 ANNUNCIATOPR
AN 302 111-6 FINFS WEIGH TANK OVERZEIGHT ANNONCIATOR

AN 303 111-6 FINFS WEIGH TANK OVERWEIGHT ANNUNCIATCR

AN 319 111-8 SECOND STAGE PECYCL® GAS COMPRESSNR SUCT PRESS LO ANNUNC
AN 321 111-8 SECOND STAGE RECYCLE GAS COMPR¥SSOR DSCH PRESS LO ANNUNC
AN 3462 111-9 PRODUCT OIL HI/LO WEIGHT ANYUNCIATOR

AN 393 111-10 FILTER FEED WEIGH TANK HI/LO LEVEL ANNUNCIAIOR

AN 4929 A 112-1 OIL FEED TANK A HI/LO ANNOUNCIATOR

AY 409 B 112-1 OI1 FEED TANK B HI/LO ANNUNCTATOR

AN 419 112-1 PREHEATER COED CIL TUBF WNALL TFMPERATURE HLI aNNUNCIATOR
AN 1436 112-3 ENTRAI NMENT SFPARATOR DRIP POT HIGH LEVEL ANNUNCIATQR

AN 4137 112-3 HY DROGFM RECYCLE COMPRESSOR DTSCHARGE HI TZMPSRATURE ANNUNC
AN 4738 112-3 RECYCLE GAS LO HYDROGEN ANNUNCIATOR

AN 8us 112-3 HEAVY OI1L PRODOCT WEIGH TANK A OVERWEIGHI ANNJNCIATQR

AN 447 112-3 HEAVY OIL PREODUOCT WEISH TAHK B OVERWIIGHT ANNUNCIATOR

AN A10 113-1 INSTRUIMENT AIR HEADER NYTROGEN INLET FLOW ANHUNCIATOR

AN 630L 113-1 COOLING TOWER PUMPS DISCHARGE HEADER PRESSURE LOW ANNUNC
AR 9202C 112-3 RECYCLE GAS ANALYTICAL RECORDER CONTROL

AR 002R 112-13 RECYCLE GAS ANALYTICAL RECORDER

FA 610 113-1 INSTRUMENT AIR SYSTEM WITROGEN INLET FLOW ALARM

PE 610 113-1 INSTRUMENT AIR SYSTEM NITROGEN INLET FLOW ELEYENT

FG D14 112-3 HYDROGEN RECYCLE COMPRESSOR COOLING WATEL BETURN FLOW GLASS

FG )15 112-3 HYDPROGEN RECYCLE COMPRESSOR APTERCOOLER CLG WIR RIN¥ FLOW IND

oT-4q



ERDA CNAL CONVEISION INST?UMENTATION REVIEW FOR THZ COED PROCESS
INSTRUMENTS WHICH AFE ACCEPTABLE IN SCALED TP PLANTS (CUNIINUED)

DEVICE FIDw SHEET MEASUREMSNT NAMF /7 COMMENTS

I.D. NO. BRKC 2383

FI 001 111-6 EXTERNAL CYCLONE DSCH NITROGEN FLOW INDICATIOK

rT 992 111-7 MTIXING TEE 11 NITROGEN INLET FLOW INDICATOR

FI 0C3 111-7 CHAR CONVEYOR NITROGER TNLET PLOW INDICATOR

FI no4 111-10 FILTREATE RECEIVERS VENT HEADER FLOW INDICATOR

FI 219 112-13 HYDROGEN RECYCLE COMPRESSOR SUCTION FLOW INDICATCa

T 91D 112-1 PLANT AIR FLOW INDICATOR

I 211 112-1 MAIN STEAM FLOW INDICATOR

FI 012 112-1 NITFOGEN FLOW INDICATOR

FT 020 1131 INSTRUMENT AIR DRYER REGENERATION AIR FLOW LNDICAIO&

vIC 151 111-4 RECYCLF GAS TO MIXING TEE #1 FLOW CONTROLLER

FIC 221 111-4 PECYCLE GAS TO FLUIDIZING GAS HEATER FLOW CONTHOLLEK

FIC 295 111-4 10 KW RECYCLE GAS HEATER INLET FLOW CONTAOLLER

FIC 228 111-5 SCRUP LIQUOR TO VENTURI SCTRUBBER COOLER FLOA INJDLILALING CONT
FIT 214 111-5 SCRI'B LIQUOER TO GAS LIQGID SEPARATOR FLO4d INOLCATING CONT
FIC 219 113-4 1.5 KW PECYCLE 325 HEATER INLET FLOW CONTAOLLuox

FIC 225 111-6 30 KW RECYCLE GAS HEATER INLET INDICATING FLOW CONTROL
FIT 235 111-6 30 KW RECYCLE GAS HEATER INLET INDICATING FLOWd CONTIEOLLER
FIC 236 111-4 30 KW RECYCLE GAS HEATSR INLET INDYCATING FLOAd CONTROLLER
FIT 243 111-7 25 KW CXYGEN HEATER NITPROGEN INLET FLO¥W IND CONTROL

FI~ 245 111-7 1) K¥ RECYCLE GAS HEATER INLET FLOW IND CONIaOL

FIC 246 111=-7 25 XW OXYGEN HEATER INLET IND PLOW CONTROL

FIC 249 111-7 3% KW RECYCLE GAS HEATER INLET FLO4 TIND CONIRIL

®IC 312 111-3 VENTURI SCRUWE3ER SCRUB LTIQUDR INLET FLO¥ IND. CONTHXOLLER
FIz 311 111-8 SAS/LIQUID SEPARPATOR SCRUB LIQUOR INLET FLOA4 IMD. CONTROLLER
FIC 315 111-8 VENTIJRI DEMISTER SCRiB LIQUOR INLET FLOW {ND CONTROLLER
FIC 419 112-3 RECYCIE HYDRCGEN INDICRTING FLOW CONTROL

FIC 429 112-2 HYDPC TREFATING REACTOR B INLET OIL INDICATING FLOW CONT
TIC 427 112-2 HYDRO TREATINS REACTOR B COED OIL INLET IND FLOW CONT

FIC 468 112-2 HIGH PRESSURE WATER PUMP DISCHARGE FLOW INDICATOR CONTROLLER
FIC U468V 1z-3 WATER BREARK TANK HIGH PRESS WTR INLET FLOW CONTROL VALVE
FrR 001 111=-5 PYBRCLYSIS GAS TO INCINERATOR FLOW RECORDER ~ 2 CHART

FR 932 111-4 RECYCLE GAS TO #1 MIXING TEE FLOW RECORDER 2 CHAKT

FR 003 1"1-4 FIRST STAGE FYROLYZ¥R COAL PLOW RECORDER - 3 CHARIS

FR 274 111-4 10 KW RECYCLE GAS HEATER INLET FLOW RECORDER

FR 005 111=-6 SECOND/THIRD MIXED CDAL INLET FLOW RECORDER -~ 2 CHARBRTS

PR 096 111-6 33 KW RECYCLE GAS HEATERS INLET FLOW RECOADER - 3 CHART

91~
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EIDA CNAL CONVEl STON INSTRUMENTATION REVIEA FOR I'HE COED PROCESS
INSTRUMENTS YHICH ART ACCEPTABLE IN SCALED 0P PLANTS (CONTINUED)
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FLOY SHEET
BKC 2383

111-7
111-7
111-7
112-3
112-3
112-3
112-3
111-7
111-5
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
111-2
111-5
111-5
111-2
1119
112-3
112-1
112-1
111-2
111-3
111-3
111-5
112-3
113-1

MEASUREMENT NAME / COMMENTS

FOUOPTH STAGE PYROLYZER 2YROLYSIS GAS FLOW RCDR ~DUAL CHART
10 Kws/30 KW RECYTLE GAS HEATER INLET FLOW RECORDER DUAL CHT
25 KW COXYGEN HEATER INLET FLOW RECORDEPFR - DUAL (dART
MAKE-UP HYDROGEN COMPRESSOR DISCHARGE FLOW RECOKDER
RECYCLE GAS FLOW RECORDER

MEDIUM PRESSUERE COED OIL FLOW RECORDER

HYDRO TREATING REACTOR B COED OIL INLET FLOA HECORDER

35 KW STEAM SUPERHEATER INLET FLOW RECORDINs CONIROL

THIRD STAGE PYROCLYZER OYYGEN INLET FLOW GLCORDING CCNTROLLER
PURGE & VENT GAS RECORDING FLOW CONTROL -~ VUAL CHAAT
RECYCLE GAS TN MIXINS TEE #1 FLOW TRANGMITTER

RECYCLE GAS TO FLUIDIZING GAS HEATER FLOW4 TRANSMITITER

1) KW RECYCLE GAS HEATER INLET FLOW TRANSMIITER

1.5 Kw RECYCLE GAS HEATER INLET FLOW TRANSMITTER

25 K4 CXYGEN HEATER NITROGEN INLET FLOW TRaANSMITTER

25 KW OXYGEN HFATER INLET FLOW TRAWSMITTER

35 K¥ STEAM SUPERHEATER INLFT FLOY TRANSMIITER

THIPD STAGE PYROLYZER OXYGEMN INLET FLOW TRANSMITTIER

HYDFD TREATING REACTODR B INLET OIL FLOW THANSM ITTGER

JYLRO TEEATING IFACTOR 5 “OED OIL INLET FLOW TRANSMITTER
YIGH TTPESSUR® WATER Py™"DP DISCHARGE FLOW I'RANSMITTER
PYFOLYSIS GAS TO INCINERATOR FLOW TOTALT LEx inDICATOR
SECONL STAGE GES COMPRTSSO0OR 3UCTION TOTAL FLOW4 INDICATOR
OTL/WATER DECANTER CITY WATER FLOW TOTALIZEx INDICATOR
SCPUB LIQUOR DISCHARGE FLOW TCTALIZER INDICAIOR

OIL/WATER DECANTER WAT®R INLFEI FLOW TOTALIZER

SCRUB LIQUOR PURGE NDISTHARSE FLOA TOTALTI Gk INDICaIOP
WATER PREAK TANK CITY WATFR INLET FLOW TOTALIZCR INDICATOR
0I1 FEFD PUMP R STROKE HAND INDICATING CUNIZOLLER

OIT FEED PUMP A STROKE HAND INDICATING CONIZOLLER

COAEL SILO LEVEL HI ALARM

PULVERIZED COAL STORASE TANK LEVEL HI ALARM

PYULVERTIZED COAL STORAGE TANK LEVEL 1O ALAERM

FIPST STAGE OIL DEHYDRATOR LEVEL ALARM

ENTRATNMENT SEPARATOR DRIP POT LEVEL ALARM

CHEMICAL TREATMENT TAMK LEVEL CONTROL

L1-H
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IC®E

. NO.

523
431
467
655
015
006
019
011
012
013
014
915
218
360
361
338
4673
461
462
282
329
331
un
350
233
422
430
210
220
230
240
218
422
430
469

4A1

PLOG

INSTRUMENTS

112-2
112-2
112-3
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-€
111-7
111-5
112-2
112-2
112-4
112-4

SHEZT
BKC 2383

AHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

MEASUREMENT NAME / COMMENTS

HI TEMP FLASH DRUM VAPOR OQOUTLET LEVEL CONIROLLER
LO TEMP FLASH DRUM LEVEL CONTROLLER

WATFR BFEAK TANK LEVEL CONTROLLER

CONDENSATE RETURN INIT LEVEL CONTROLLER

COED OIL DAY TANK LEVEL GLASS

CONDENSATE EETURN UNIT LEVEL GSLASS

OI1 MZASURING TANK LEVEL GLASS

OI1L WEIGH TANK LEVEL GLASS

O0IL PRODUCT WEIGH TANK LEVEL GLASS

OIL PRODUCT WEIGH TANK B LEVEL GLASS

LIGHT
HEAVY
HEAVY
WASTE
WATER
FIRST

WATER
BRFAK
STAGE

OIL STORAGE
OIL STORAGE
FILTER FEEL
OIL STORAGE
OIL STORAGE
OIL STORAGE
FILTRATE RECEIVER LEVEL INDTCATOR CONTROLLEK

OIL/WATER DECANTER HEAVY OIL LEVEL INDICATING CONIZOLLER
OIL/RATER DECANTER LIGHT OQIL LEVEL INDICATING CONTROLLER
HEAVY OIL DERYDRATOR LEVEL TN¥DICATING CONT&OLLER

OTL DEHYDRATOR LEVEL INDICATING CONTROLLER

FILTFATE RECEIVER LEVEL INDICATOR CONTROLLE=x

HI TEMP PLASH DPNM LEVEL TNDICATING CONTROLLER

LO TEMP FLASH DRUM LEVEL INDICATING COWTROLLER

FIRST STAGE PYROLYZER FLUID BED HI LVL RECORDING CONT
SECOND STAGE PYROLYZER FLUID BED MID LVL KEC LVL CONT
THIFD STAGE PYROLYZER FLUID BED HI LVL RECORDING LVL CONT
FOUPTH STAGE PYROLYZEFR FLUID BED RECORDING LEVEL CONTROL
FIRST STAGE OIL DEHYDRATO® LEVEL TRANSMITTER

HI TEYP FLASH DREUM LEVEL TRANSMITTER

LO TEMP FLASH DRUM LEVEL TRANSMITTER

GIL STORAGE TANK A LEVEL TRANSMITTER

01 STORAGE TANK B LEVEL TRANSMITTER

TANK LEVEL GLASS

TANK LEVEL GLASS

OIL DEHYDRATOR LEVEL INDYCATOR
TANK A LEVEL INDICATOR

TANK B LEVEL INDICATOR

TANK IEVEL INDICATOR

TANK A LEVEL INDICATOR

TANK B LEVEL INDICATOR

TANWNK C LEVEL INDICATOR

e1-4



ERDA COAL CONVERSION IRSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS YHICH ARE ACCEPTABLE IN SCALEL UP PLANTS {CONTINUoD)

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENTS

i.D. NO, BKC 2383

IT 462 112-4 OIL STORAGE TANK C LEVEL TRANSWITTER

P 001 111-2 AREA DUST COLLECTOR PPESSURE

P 002 111-2 ARFA DUST COLLECTOR SUPPLY DUCT PRESSURE

b 0C3 111-3 CYCLONE COLLECTOR INLET DIFFERENTIAL PURGE

P J0u 111-2 CYCLONE COLLECTOR INLET DIFFERENTIAL PURGE

P C25 111-3 DUST CPLLECTOR IMLET DIFFERENTIAYL PURGE

P 006 111-3 DUST COLLECTOR TOP DIFFERFNTIAL PURGE

P 007 111=3 ROTARY LISCHARGE VALVE SEAL PURGE

P 010 111-4 FIFPST STAGE PYROLYZER COAL FLOW LOOP US PUKGE

B OoMNM 111-4 FIRST STAGE PYROLYZEER COAT FLOW LOOCP RS PURGE

D 012 111-4 FIRST STAGE PYROLYZER FLJIID BED LO LVL TAP PURGL
P 213 111-4 FIRST STAGE PYROLYZER FLUID BED %0 LVL TAP PURGE
P 014 111-4 PIRST STAGE PYROLYZER FLUID BED MID LVL TAP PURGE
P 015 111-4 FIPST STAGE PYROLYZEFR FLUID BED HI LEVEL TAP PURGE
P 016 111--4 FIRST STAGE PYROLYZER CYCLONE B PURGE

P C17 111-4 FIPST STAGE PYROLYZER CYCLONE A PURGE

T 018 111-4 PIRST STAGE PYRCLYZER DSCH VALVE PURGE

P 019 111-4 FIFST STAGE PYROLYZER DSCH VALVE CAVITY PURGE

B 020 111-4 FIRST STAGE PYROLTZER DSCH VALVE CAVITY PURGE

P 021 111-4 FIRST STAGE PYROLYZER DSCH VALVE CAVITY PURGE

P 023 111-6 SECOND STAGE PYROLYZER COAL FLOW TAP LINZ PURGE

P 024 111-4 EXTERNAL CYCLONE FINES DUCT PURGE

P 025 111-4 EXTERNAL CYCLOWNE FINES DUCT PORGE

P 026 111-4 FINES FEEDER ROTARY VALVE SEAL PURGE

p 027 111-6 SECOND STAGE PYROLYZER FINES FLOW TAP LINE PURGE
P 028 111-6 SECOND STAG:. PYROLYZER FIWES FLOW TAP LINE PURGE
P 029 111-4 FIRST STAGE PYROLYZER PURGE

P 030 111-4 VENTURY COOLER LIWE PURGE

P 031 111-5 PYROLYSIS GAS D/P LINE PURGE

P 032 111-5 RECYCLE GAS D/P LINE PURGE

P 033 111-5 RECYCLE GAS D/P LINE PURGE

P 024 111-4 FIRST STAGE RECYCLE GAS COMP A SEAL PRESS IND

P 035 111-4 FIRST STAGE RECYCLE GAS COMP B SEAL PRESS INV

P 0uo 111-6 SECCND STAGE PYROLYZER PLUID BED GRATE LVL TAP LINE PURGE
P Cu1 111-6 SECOND STAGE PYROLYZER GRATE LEVEL TAP PUEKGE

P 082 111-6 SECOND STAGE PYROLYZER FLUID BED LO LVL TAP PURGE

614



ERDA COAL CONVEt SION INSTRUMENTATION REVIEW FOR THE COFD PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONIINULD)

DEVICE F1LOW SHEET MEASUREMENT NANE / COMMENIS

I.D. YNO. BRC 2383

P Gu3 T11-6 SECOND STAGE PYROLYZER FLUID BED MID LVL TAP PUKGE

P N44Yy 111-6 SECOND STAGE PYROLYZER CYCLOWNE B LVL TAP LINE PURGE

P 45 11%-6 SECONT STAGE PYROLYZER CYCLOWKE A LVL D/P TAP LINE PURGE

P 2U6 111-6 SECOND STAGF PYROLYZER CHAR OUTLET CONT VLV SEAL PURGE

P ou? 111-6 SECOND STAGE PYROLYZER CHAR OUTL CONT VLV BODY <CAVITY PURGE
P 0Oug 111-6 SECOND STAGE PYEOLYZER CHAR OUTL CONT VLV BODY CAVITY PURGE
P CQu9 111-6 SECOND STAGF PYROLYZER CHAR OUTL CONT VLV BODY CAVITY PURGE
P 050 111-6 THIRD STAGE PYFOLYZER CHAR INLT FLOW TAP LINE PUKGE

P G51 111-5 THIRD STAGE PYROLYZFR CHAR INLET PLDW TAP LINE PURGE

P G52 111-6 THIRD STAC® PYROLYZER CTHAR DSCH VLV SEAL PURGE

P C53 11i-6 THIRD STAGE PYROLYZFR CHAR DSCH VLV BODY CAVITY PURGE

P G54 111-6 THIRD STAGE PYROLYZER CHAR DSCH VIV BODY CAVITY PURGE

p 355 1116 THIED STAGE PYROLYZER CHAR DSCH VLV BODY CaVITY PURGE

P (5¢€ 111-6 SECOND STAGE PYROLIZER MIXED FUEL CDAL TAP LINE PURGE

p 057 111-6 SECOND STAGE PYROLYZER NMIXED COAL FLOW TAP LINE PURGE

P (58 111-6 THIRD STAGE PYROLYZER FLUID BED LO LVi TAP PURGE

p 059 111-6 THIPD STAGE PYROLYZER FLUID BED MID LYL TAP PURGSES

P 260 111-6 THIFD STAGE PYROLYZER FLUID BED TAP LINE PURGE

P 061 111-6 THIRD STAGE PYROLY4ER PLUID BED HI LVL TAP LINE PURGE

P 0FR2 111-6 THIRD STAGE PYROLYZER TOP/DSTH L /P TAP LINE PURGE

P C63 111-46 THIRD STAGE PYROLYZEP DSCH TAP LINF PURGZE

P Gol 111-6 THIRD STAGE PYROLIZER OVERFLOW DSCH VLV SEAL PULKGE

P 065 111-6 THIRD STAGE PYROLYZER OVERFPLOW DSCH VLV BODY CAVITY PURGE

P 066 111-6 THIRD STAGE PYROLYZEP OVERFLOW DSCH VLV 80DY CAVITY PURGE

E G667 1116 THIRD STAGE PYROLYZER OVERFLOW DSCH VYLV BODY CAVITY PURGE

e 0&8 111-7 11 MIXING TEF NITROGEN INLET LINE PURGE

D 059 111-7 FOURTH STAGE PYRQOLYZER PYROLYSIS GAS TAP LINE PUAGE

P C70 111-7 FOURTH STAGE PYROLYZER CHAR DSCH CONTROL VLV 3£AL PURGE

P 071 111-7 FOURTH STAGE PYROLYZRBR CHAR DSCH CONT VLV bODY CAVITY PURGE
r 072 113-7 FOUPTH STAGE PYROLYZEF CHAR DSCH CONT VLV BODY CAVITY PURGE
P 27227 176-4 NITROCGEN SYSTEN PURGE

P 073 111-7 POURTH STAGE PYROLYZER CHAF DSCH CONT VLV BODY CAVITY PURGE
P 074 111-6 THIRD STAGE PYRCLYZER COAL/CHAR FLOW TAP LINE PURGE

P 075 111-6 THIEKD STAGE PYROLYZF® COAL/CHAR INLT FLO4 AP LINE PUPGE

D 076 111-7 FOUORTH STAGE PYROLYZER TLOID BED Lo LVL TAP LINE PUAGE

P 077 111-7 FOURTH STAGE PYROLIZER FLUID BED KID LEVEL TAP LINE PURGE

0z-4



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

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENTS

I.D. NO. BRC 2383

p 078 111=7 FOURTH STAGE PYROLYZER FLUID BED HI LVL TAP LINE PURGE

P 079 111-7 POURTH STAGE PYROLYZER HI LVL TAP LINE PUKGE

P 080 111-7 FOURTH STAGE PYROLYZER OUTLET LINE PURGE

P 081 111=7 FOORTH STAGE PYROLYZER CHAR DSCH VALVE SEAL PURGE

P 082 111-7 FOURTH STAGE PYROLYZER CHAR DSCH VALVE BODY CAVITY PURGE
P 083 1117 FOURTH STAGE PYROLYZER CHAR DSCH VALVE BODY CAVITY PURGE
D 08y 1117 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
o 091 111-6 EXTERNAL CYCLONE PYROLYSIS GAS INLT FLOW TAP LINE PURGE
B 092 111-8 GAS RECOVERY D/P TAP LINE PURGE

P 093 171-8 ELECTROSTATIC PRECIPITATOR PYROLYSIS GAS OUTL TAP LINE PURGE
P 09u 111-8 PYROLYSIS GAS TAP LINE PURGE

P 095 t11-8 PYROLYSIS GAS TAP LINE PURGE

P 097 111-8 SECONI STAGE RECYCLE GAS COMPRESSOR SHAPT SEAL PURGE

P 098 111-10 FIITEF FEED TANK LFVEL INDICATOR PURGE

PR 204 111-4 PIPST STAGE RECYCLE COMPRESSOR DSCH PRESS ALARM

PA 216 111-4 FIRPST STAGE GAS COMP SUCTION HDR PRESS ALARM LO

Pa 220 111-6 SECOND STAGE PYROLYZER CYCILONE B LVL HI PRESS ALARAM

PE 2u40 111=-7 FOORTH STAGE PYROLYZER OXYGEN INLET PRESSURE ALARM

P2 319 111-8 SECOND STAGE RECYCLE GAS COMPRESSOR SOTT PRESS LO ALARNM
PA 321 111=-8 SECOND STAGE RECYCLE GAS COMPRESSOR DSCH PEESS LO ALARNM
PA 630 1i3-1 COOLING TOWEF PUMPS DISCHARGE HEADER PRESSURE ALARH

PC 001 111-3 NATURAL GLS TO AIR HEATER LO PRESSURE CONTROL

PC 0C2 111-3 NATURML GAS TO AIR HEATER HI PRESSSURE CONTROL

PC 023 117-3 COMBRUSTION AIR TO AIR HEATER LO PRESSURE CONTROL

PC GCY 111-3 ATR HEATER DISCHARGE PRESSURE CONTROL

nc 009 111-8 SECOND STAGE RECYCLE GAS COMPRESSOR OIL PRESSURE CONTROLLER
PC 015 111-4 FIRST STAGE RECYCLE GAS COMNP & OIL OUTL PRESS CONT LO
PC G116 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 HYDROGEN RECYCLE COMPRESSOR OIL PRESSURE CONTROLLER

PC 254 112-1 COED 0OIL PREHEATER COMB CTONT PRESSURE CONTROL

PC 256 112-1 COED OIL PREHEATER COMB CONT PRESSURE CONTIROL

PC 129 112-1 PREHEATER COED OIL INLT/OUTL DIFFL PRESS CONTROLLER
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ERDA COAL CCNVER SICN INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE FLOW SHEET MEASUREMENT WAME / CONMENTS

I.D. NO. BKC 2383

PCV C17 111-10 FILTRATE RECEIVERS VENT HEADER PRESSURE CONIRJIL VALVE

PCVv (D8 113-1 COOLING TOWFR PUMPS RECIRCULATION PRESSURE CONTROL VALVE
PCY 010 111-7 OXYGEN HEADER PRESSURE CONTROL VALVE

PCV 012 1131 PLANT AYR PRESSURE CONTROL VALVE

ECV 021 112-2 HYDRO TREATING REACTOR B OUTL PRESS CONTROL VALVE

BPCV 027 112-3 RECYCLE GAS PRESSURE CONTROL VALVE

PCV 029 112-3 RECYCLE GAS PRESSURE CORTROL VALVE

BCV 934 113-1 TNSTRUMENT AIR HEADER NITROGEN INLET PRESSURE CONTROL VALVE
PCV 250 T11-7 CHAR TCOOLER COOLING WATER SUPPLY PRESSURE CONTA0L VALVE

PCV 419 112-1 PREFEATER STEAM INLET PRESSURE CONTROL VALVE

PDC 215 111-4 FPIRST STAGE PYROLYZER CYCLONE B LVL D/P CONT

epI 135 111-3 CYCLONE COLLECTOR PURGE LINE DIFFERENTIAL

PDI 137 111-3 DUST COLLECTOR PURGE LINE DIFFERENTIAL

PDI 202 "11-6 SECONLD STAGE PYROLYZER FINES FLOW D/P INDICATIR i
PDTI 208 1*'1-5 RECYCLE GAS DIFFERENTIAL PRESSURE INDICATOR N
PDI 209 191->5 PYROLYSIS GAS DIFFERENTIAL PRESSURE INDICATGR

PDI 211 111-4 FIRST STAGE PYROLYZER FLOID BED MID LVL D/P INDICATOR

PDI 212 111-6 S~IRST STAGE PYROLYZER CYZLONE A PURGE DIFFERENTIAL PI

PDI 213 141-4 ¥.RST STACE PYROLYZER PUYRGE LINE DIFFERNTIAL PRESS IND

PDI 214 111-4 FI>ST STAGE PYROLYZER FLUID BED LO LVL D/P INDICATOR

PDI 216 111-5 RECYCLE GAS DIFFERENTIAL PRESSURE INDICATOR

EDI 221 111-6 SECOND STAGE PYROLIZER FLUID BED LO LVL D/P LNDICATOR

PDI 223C 111-6 EXTERNAL CYCLONE PYROLYSIS GAS INLT FLOW D/P INDICATOR

PDT 227 111-6 SECOND STAGE PYROLIZER COAL FLOW D/P INDICAIOR

PDI 231 111=6 THIRD STAGE PYROLYZER FLUID BED MID LVL D/P INDICATOR

PDI 232C T11-6 THIRD STAGE PYROLYZER TOP/DSCH D/7P INDICAIOGR

bPpI 233 111-6 SECOND STAGE PYROLYZER FLUID BED GRATE LVL D/P INDICATCR
PDI 235 111-6 SECOND STAGE PYROLYZER MIXED CZOAL FLOW D/F INUICATOR

PDI 236 111=7 FOURTH STAGE PYROLYZER PYROLYSIS GAS DSCH D/P INDICATOR

PDI z37 111-6 THIRD STAGE PYROLYZEkR CTHAR INLET FLOW D/P INDICATOR

PDT 241 t11-7 POURTH STAGE PYROLYZER FIUID BED MID LVL D/?2 INDICATOR

»DI 242 113-7 FOURTH STAGE PYROLYZER HI 1LVL DIPFERENTIAL PRESS INDICATOR
PDI 243 111-6 THIRD STAGE PYROLYZER FLUID BED LO LVL DIFF PRESS INDICATOR
PDI 245 111-6 THIRD STAGE PYROLYZER COAL/CHAR INLT FLOW D/P INDICATOR

DI 249 111-7 FOURTH STAGE PYROLYZER FLUID BED LO LVL D/P LINDICATOR

PDI 271 111-2 AREA DUST COLLECTOR DUCT PURGE LINE DIFPERENTIAL



IZRDE CORAL CONVE! SION INSTRUMENTATION REVIEW FOR THE COED PROCESS
IVYSTRUMENTS WHICE ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE FLO% SHEET MEASUREMENT WAME / COMMENTS

I.D. NO. 9KC 2383

PDI 272 111-6 SECOND STAGE PYROLYZER CYCLONE B LVL TAP LINE PURGE

PDY 317 111-8 GAS RFECOVERY PRESSURE DIFFERENTIAL INDICATOR

pPpI 2318 111-8 PYROLYSIS GAS DIFFERENTTIAL PRESSURE TRANSMITITER

PDI 319 111-8 GAS/WATER SEPARATOR PYROLYSIS GAS LINE D/F INDICATOR

PDT 418 112-1 PREHFATER RECYCLE GAS INLT/OCUTL DIFFERENTIAL PRESSURE IND
PDI L19 112-1 PREHEATER COED OIL INLT/OUTL DIFPERENTIAL PRESSURE INDICATOR
PDI 4191 112-1 PREHEATER COED OIL INLT/OUTL DIFFERENTIAL PRESSURE INDICATOR
PDTI u20-1 112-2 HYDRO TRFATING KEACTOR A/B TINLETS D/P INDICATOR

PDI u20-2 112-2 HYDRO TREATING REACTOR B LEVEL D/P INDICATOR

PDI 420-3 112-2 HYDPC TREATING REACTOR B LEVEL D/P INDICATOR

PDI 421 112-2 REACTOR BOTTOMS COOLER INLET/OUTLET DIFFERENTIAL PRESS IND
PDY 429 112-2 VAPOR CONDENSER INLET/OUTLET DIFFERENTIAL PRESSURE INDICATOR
PDI 436 112-3 ENTRAINMENT SEPARATOR INLET/OUTLET DIFFERENTIAL PRESSURE IWD
PDIC 215V 111-5 PYROLYSIS GAS TO INCINERATOR INDICATING D/P CONITROLLER

PDR Q02-1 112-2 HYDFRO TREATING REACTOR A/B INLETS D/P RECORDER CHART 1

PDR (02-2 112-2 HYDRC TREATING REACTOR LEVEL D/P RECORDER CHART 2

PDR N02-3 112-2 HYDRO TREATING REACTOR B LEVEL D/P RECORDER CHART 3

PDT 317 111-8 GAS LINE DYFFERENTIAL PRESSURE TRANSMITTER

PDT 4718 112-1 PREHEATER RECYCLE GAS INLT/CNTL DIFFERENIIAL PRESSURE XMTR
DT 419a 112-1 PREHEATER COED OIL INLT/OUTL DIFFERENTIAL Ef/ESS5 TRANSMITTER
PDT 420-1 112-2 HYDRO TREATING REACTOR A/B INLETS D/P TRANSMITTER

PDT 420-2 112-2 HYDRO TREATING REACTOR B LVL D/P TRANSMIITER

PDT 420-3 112-2 HYDRO TREATING REACTOR B LRVEL D/P TRANSMITER

PDT 436 112-3 ENTRAINMENT SEPARATOR INLT/OUTL DIFFERENIIAL PRESSURE XMTR
PI 002 111-3 MAIN AIR CIRCULATING FAN DISCHARGE TO bUST COLLECTOk PRESS.
BT 0N3 111-3 MAIN ATIR CIRCULATING FAN DISCHARGE TO ROLLER MILL PRESSURF
PI 254 111-3 MAIN AIP CIRCULATING FAN SUCTTON PRESSURE

PI 005 111-3 ROTARY DSCH VALVE SEAL PRESSURE

PI 006 111-3 COMPRESSED AIR LINE PRESSURE

PI 007 111-3 COMPRESSED AIR LINE PRESSURE

PI 008 111-4 10 KW FECYCLE GAS HEATER INLET PRESSURE INDICATOR

PI 009 1M11-4 10 KW RECYCLE GAS HEATER INLET PRESSURE INDICATOR

PT 010 111-4 1.5 KK RECYCLE GAS HEATEPR INLET PRESSUFE

PT 011 111-4 1.5 KW RECYCLE GAS HEATER INLET PRESSURE INDICATOR

PI 012 111-4 PINES FEEDER ROTARY VALVE SEAL PRESSUEE INDICATOR

PT 013 111-4 FIRST STAGE RECYCLFE GAS COMPRESSOR DISCHALKGE FPRESS INDICATOR

te-4



ERDA COAL CCNVER SION TINSTRUMENTATION REVIEW FOR THE CORD PROCESS
INSTRUMENTS WHICH AFE ACCEPTABLE IN SCALED UP PLANTS (CONIiINUcw})

DEVICE FLOY SHEIT MEASUREMENT NAME / COMMENIS

I.D. RO. BKC 2382

PI 014 111-4 FPIRST STAGE PYROLYZTX FLUID BED LO LVL PRESSURE INDICATOR
PI 015 111-4 FIRST STAGE PYROLYZER PURGE LINE PRESS INDICArOR

PT 016 111=-5 VENTUORI SCRUBBER COCOLER SCRUB LIQUOR INLET PEESSURE IND

PI 017 111-5% GAS LIQUID SEPARATOR SCRUS LIQUOR INLET PRESSURE INDICATOR
PI 018 111-5 PYROLYSIS GAS TO INCINERATOR PRESSURE INDICATOK

PT 0197 115 RECYCLE LIQUOR PUMP A DISCHARGE PRESSURE INDICATOR

PI 019B 111-5 RECYCLE LIQUOR PUMP B DISCHARGE PRESSURE INDICATOR

PTI 020 111-5 FIRST STAGE OIL DEHYDRATOR MP STEAM INLET PRESS INDICATOR
PI 0212 111-5 FIRPST STAGE OIL PUFY2? A DISTHARGE PRESSURE INDICAIOR

PI 2218 111-5 FIRST STAGE OIL PUMP B DISCHARGE PRESSURE INDICATOR

PI 022 111-5 FIRST STAGE OIL WEIGH TANK MED., PRESS. SIEAM INLET PRESS IND
PI 030 111-6 30 KW RECYCLE GAS HEATER INLET PRESSURE INDICATOR

PTI 031 111-6 30 KW RECYCLE GAS HEATER INLET PRESSURE INDICATOR

PI (32 111-6 30 KW RECYCLE GAS HEATER INLET PRESSURE INDICATOR =
PT Q033 111-6 30 K¥ RECYCLE GAS HEATER INLET PRESSURE INDICATORK w2
PT 034 111-6 30 KW REC CLE GAS HEATER INLET PRESSURE INDICATOR

PI 035 111-6 30 R¥ RECYC.LE GAS HEATER IVLET PRESSURE INDICATOX

PT 036 111-6 EXTERNAL CYCLONE DSCH NITROGEN PRESSURF INDICATOR

PI 049 111-7 12 KW RECYCLE GAS HEATER INLET PRESSURE INDICATOR

PT Cun 111-7 10 K¥ RECYCLE GAS HEATER INLET PRESSURE INDICATOR

PY Nu2 111-7 30 KW RFCYCIE GAS HEATER INLET PRESSURE INDICATIOR

PTI 0413 111-7 30 KW RECYCLE GAS HEATER INLET PRESSURE INJDICAIOR

PTI N4y 111-7 25 KW OXYGEN HEATER INLET PRESSUR® INDICATOR

PI 245 111-7 35 KW STEAM SUPERHEATER INLET PRESSURE INDICATOK

PI U6 T11-7 POOUPTH STAGE PYROLYZER OXYGEN INLET PRESSURE INDICAIOR

PT 0247 111-7 NITROGEN TO MIXING TEE 11 HEADER PRESSURE INDLICATOR

PTI Oun 111-7 MIXING TEE 11 NITROGEN INLET PRESSORE INDICATOR

PT Q49 1117 CHAER STORAGE TANK OUTLET PRESSUORE INDICATOR

PI 059 111-7 CHAR COVVEYNR NWITROGEY INLET PRESSURE INUDICATOA

PI 060 111-8 VENTORI SCRUBBER SCRUE LIQUOR INLET PRESSURE INDICATIOR

PI 061 111-8 GAS/LIQUID SEPARATOR SCRUB LIQUOR INLET PRESSURE INDICATOR
PI 0A2 111-8 VENTURI DEMISTER SCRUB LIQUOR INLET PRESSURE INDICATOR

PTI 063 111-8 SECOND STAGE RECYCLE GAS COMPRESSOR DISCHARGE PRESSURE IND
I O64A 111-9 SCRUB LTQUOR PUMP A DISCHARGE PRESSURE INDICATOR

PI DEKR 111-9 SCRUB 1IQUOR PUMP B DISCHARGE PRESSURE INDICATOR

PT 065 i11-9 SCRUB LIQUOR PUMP A/B DISCHARGE HEADER PRESSURE INDICATOR



ZRDA COAL CCNVEYSION INSTRUMENTATION REVIEW FOR THE COED PROCESS
ITNSTRUMENTS WHICH AFF ACCEPTAZLE IN SCALED UP PLANTS (CONTINUED)

DEVICE FLOW SEEET MEASUREMENT NAME / COMMENIS

I.D. NO. BKC 2383

PI 066 111-9 DECBNTED OIL POMP DISCHARGE PRESSURE INDICAIOR

PI G67 111-9 DEHYDFATED OI1 PUMP DISCHARGT PRESSURE INLICATOR

?I 068 111=-9 DEHYDPATED PRODUCT OIL PUMP DISCHALRGE PRESSURE INDICATOR
PT 069 111-9 PRODUCT OIL TRANSFER PUMP DISCHARGE PRESSURE INDICATOR

PI 070 111-9 HTAYY OTL DEHYDRATOR HEATING STEAM INLET PaESSURE INDICRTOR
PI 071 111-9 0TIL DEHYDRATOR HFATING STEAM INLET PRESSURE INDICAIOR

PT 072 11%~-9 0I1 STORAGE TANK A HEATING STEAM INLET PRESSURE INDICATOR
PI 073 T11-9 OIL STORAGE TANK B8 HEATING STEAM INLET PRESSURE INDRICATOR
PI 074 111-9 CRULE PRODUCT PUMP DISCHARGE PRESSURE INWDICAIOR

DI 0757 1131 CNOLING TOWEP PUMP A DISCHARGE PRESSURE INDICATOR

PT 0758 1131 COOLING TOWER PUMP B DISCHARGE PRESSUKE INDICATOR

T 076A i13-1 CONDENSATE RETURN UNIT PUMP A DISCHARGE PRESSURE INDICATOR
PY 076R 113-1 CONDENSATE RETURN UNIT PUMP B DISCHARGE PRESSURE INDICATOR
PI 080 111=-10 PRECOAT TANK HEATING STEAM INLET PRESSURE INDICATOK =
PT 081 11%-10 PRECOAT PNMP DISCHARGE PRESSURE INDICATOR ~
BT (82 111-10 FILTEF FEED TANK HEATING STEAM INLET PRESSURE INDICATOFR

PT 083 111-10 FILTER FEED PUMP DISCHAERGE PRESSURE INDICATOR

PTI N394 111-10 FILTRATE RECEIVERS VENT HEADER PRESSURE TUNDICATOR

PI 085 111-10 FILTERED OIL PRODUCT PUMP DISCHARGE PHEESSURXZE INDICATOR

BT 08k 111=7 OXYGEN HEADER PRESSURE INDICATOR

T 087 111-7 OXYGEN HEADER PRESSURE INDICATOR

oI 090 113-1 PLANT AIR HEADER PRESZURE INDICATOR

PI 100 112-1 OIL FFED TANK A HEATING STEAM INLET PRESSUEL INDICATOR

PI 101 112-1 OIL FEED TANK B HEZATING STEAM INLET PRESSURE INDICATOR

PI 102 112-1 OYL PEED PUNMNP A DISCHARGE PRESSURE INDICATOR

T 103 112-1 0OI1. FEED PUMP B DISCHARGE PRESSURE INDICATOR

PI 104 112-1 PREHEATER COFD OIL INL®ET PRESSURE INDICATOR

PI 105 112-1 PLANT AIR PRESSUPE INDICATOR

PT 106 112-1 MAIN STEAM PRESSURE INDICATOR

PT 107 112-1 NITROGEN PRESSURE INDICATOR

PI 108 112-1 REGENERATION HEADER PRESSURE INDICATOR

PI 109 112-1 COEC OTIL HIGH PRESSURE VENT PRESSURE INDICATOR

PT 111 112-2 HYDRO TREATING REACTOR A INLET PRESSURE INDICATOR

PTI 113 112-2 HYDRO TREATING REACTOR B INLET PRESSURE INDICAIQR

PT 114 112-2 HYDRO TREATING REACTOR B INTERSTAGE PRESSURE INDICATOR

PI 115 112-2 HYDRO TREATING RFACTOR B OUTLET PRESSURE INDICATOR



ERDA CNAL CONVEISTON INSTRUMENTATION REVIEW FOR THE COED PROCE3S
INSTRUMENTS WHICHE APE ACCEPTABLE IN SCALED OP PLAUTS (CONTINULD)

DEVICE FLOW SHEET MEASUREMENT NRME / COMMENTS

T.D. NO. BKC 2382

PI 116 112-2 HI TEMP FLASH DRUM VAPOR OUTLET PRESSURE INDICATOR

BT 117 112-2 L0 TEMP FLASH DFUM VENT GAS OUTLET PRESSURE INDICATOR

PTI 118 112-3 ENTRAINMENT SEPARATOFR OUTLET PRESSURE INDICATGR

PT 119 112-3 HYDROGEN RECYCLE COMPRESSOR AFTERCOOLER QUIL&ET PRESSURE IND
PI 129 112-3 PRODUCT OIL FUMP A DISCHARGE PRESSURE INDICATOR

PI 121 112-3 PRCDUCT GIL PUMP B DISCHARGE PRESSURE INDICATOR

PT 122 192--3 HIGH PFESSURE WATER PUMP DISCHARGE PRESSURE INDICATOR

PI 123 112-3 HY DROGEN RECYCLE COMPRESSOR HYDROGEN SUPPLY PRESSURE IND
PI 124 112-3 MAKF-UP HYDROGEN COMPRESSOR DISCHARGE PRESSURE INDICATOR
PI 125 112-4 OIL STORAGE TANK A HFATING STEAM INLET PRESSURE INDICATOR
PY 126 112-4 OIL STORAGE TANK B HEAVTINC STEAM INLET PRESSURE INDICATOR
PI 127 112-4 O0IL STORAGE TANK C HEATING STEAM INLET PRESSURE

PT 128 112-4 HYDRO-TREATED OIL FUMP DISCHARGE PRESSURE INDICAIOR

PT 129 112-3 MAKE-UP HYDROGEN COMPRESSOR DISCHARGE PRESSURE INDICATOR
PI 130 112-1 COED OTL PREHEATEER COMBE CONT PRESSURE INDICATOR

PT 132 112-3 RECYCLE GAS PRESSURE INDICATOR

PT 133 112-3 YYDROGEN RECYCLE COMPRESSOR SUCTION PRESSURE INDICAIOR

BT 147 113-1 INSTKUKENT AIE HEADER PRESSURE INDICATOR

PI 148 113-1 INSTRUMENT ATIR DRYER BED 1 PRESSURE INDICATOR

PI 149 113-1 INSTRUMENT AIE DRYTER BED 2 PRESSURE TINDICATOR

PT 219 111-4 FIFRST STAGE PYROLYZE® CYCLONE B PRESSURE INDICATOR

PI 220 111-6 SECOND STAGE FPYFOLYZEE CYCLOWNE B LVL PRESSURE INDICATOR
PT 230 111-6 THIRD STAGE PYROLYZER CYCLONE B LVL PRESSURE INGICATOR

PT 240 111-7 FOUFTE STAGE PYROLYZER HI LVL VAPOR PRESSURE INDICATOR

PI 413 112-1 PREHEATER COED OIL INLET PRESSURE INDICATOR

PT 419 112-2 HYDRO TREATING REACTOX A INLET PukESSURE INDICATOR

PT 422 112-2 HI TEMP FLASH DRUM VAPOR OUTLET PRESSURE INDICATOR

PI 437 312-3 HYDROGEN FPECYCILE COMPEESSCR DISCHARGE PRESSURE INDICATOR
PI 6332 $113-1 COOLING TOWEF PUMPS DISCHARGE HEADER PRESSURE INDICATOR
PIC 203 111-4 BITROGEN START UP LINE PPESSURE REGULATOR

PIC 204 111-4 1 STAGE FECYCLE GAS COMPRESSOR DSCH BACK PRESS IND CONT
PIC 319 111-8 SECOND STAGE GAS COMPRESSOR SUCTION IND PRESSURE CONTROL
PIC 321 111-8 SBCOND STAGF RECYCLE GAS ZOMPRESSOR DSCH PRESS IND CONT
PIC 322 111-8 SECOND STAGE EELCYCLE GRS COMP DSCH/NITROGEN PRESS CONTROL
PIC 381 111-10 ROTARY PRESSURE PSRECOAT ZRUDE OIL FILTER PRESS IKD CONT

PR 001 1M11-4 1 STAGE RECYCLE GAS & INTERSTAGE COMP PRESS 2 CHART RCDR

9g-4



BRDA COAL CONVE! SION INSTXUMENTATICN REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

REVICE FLOd SHEET MEASUREMENT NAME / COMMENTS

I.D. NOQ. BKC 2383

PRC 466 112-3 HYDROGEN MAXKE-UP RECOFDING PRESSURE CONTROL

PSD 001 111-3 VELOCITY SEPARATOR DISCHARGE PRESSURE SAFETY DISK

pPsSp 002 111-3 CYCLONE COLLECTOR PRESS SAFETY DISK

pSD 0013 111-3 DUST COLLECTOR PRESS SAFETY DISK

PSC 094 111=-3 PULVERIZED COAL STORAGE TANK PRESS SAFETY DISK

S0 021 112-2 HYDRO TREATING REACTOR DSCH PRESS SAFETY DISK

PSVY CO1 111-3 CYCLONE COLLECTOE PRESS SAFETY VALVE

PSV 002 111-3 DUST COLLECTOR PRESS SAFETY VALVE

PSVY GOU 111-4 FIRST STAGE RECYCLE GAS COMP B DSCH SAYTY VALVE

PSSV 065 111-5 GAS CCOLER CCOLING WATER SUPPLY PRESSURE SAFELY VALVE

PSV 006 111-5 EECYCLE LIQUOR COOLING WATER INLET SAPETY VALVE

BPSV 007 111-4 FIEST STAGE FECYCLE GAS COMPRESSOPF A OIL COOLER INLET SV

oSV 008 111-4 PIRST STAGE RECYCLE GAS ZnMP B OIL CLR INLT SaFETY VALVE

PSV 009 111-7 CHAP COOLER COOLING WATER SUOPPLY PRESSURE SAFEIY VALVE

PSV 010 111-8 GAS COCLER COOLING WATER SUPPLY PRESSURE SAFETY VALVE

PSVY 011 1t1-8 SECOND STAGE RECYCLE GAS COMPRESSOR DSCH PRESS SAFETY VALVE
pPsSv 012 111-9 STRUB LIQUOR COOLER COOLING WATER SUPPLY PRESSURE SAFETY VLV
PSV 014 111-5 PYROLYSIS GAS TN INCINERATOR PRESSURE SAFETY VALVE

PSV 015 111-7 25 KW CXYGEN HEATER INLET PRESSURE SAFETY VALVE

PSV 016 111-38 SECOND STAGE RECYCLE GAS COMPR OIL CLR CLG WIR SPLY PR S VLV
P3V 030 112-1 OIL FEED PUMP A DISCHARGE PRESSURE SAFETY VALVE

PSV 031 1121 OIL FEED PUMP B DISCHARGE PRESSURE SAFETY VALVE

PsSv 032 112-1 PREBEATER RECYCLE GAS INLET PRESSURE SAFETY VALVE

PSY G313 112-1 PREHEATER COED OTL 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

PSVY 036 112-2 HI TEMP FLASH DRUM VAPOR OUTLET PRESSURE SAFETY VALVE

PSY 037 112-2 1.0 TEMP FL ASH DRUM VENT GAS OQUTLET PRESSURKE SAFEIY VALVE
PsSv 038 112-2 REACTOR BOTTOMS CONLFER COOLING WATER SOPPLY PRESS SAFETY VLV
PsSV 039 112-2 VAPOP CONDEESER COOLING WATER SUPPLY PRESSURE SAFETY VALVE
PSV 040 112-3 HIGH PRESSURE WATER PUMP DISCHARGE PRESSURE LAFETY VALVE
P3V 043 112-2 REACTOR BOTTOMS COOLER COOLING WATER SUPPLY PRESS SAFETY VLV
PSY 044 112-2 REACTOR BOTTOKS COOLEF COOLING WATER SUPPLY PRESS SAFETY VLV
PSV 045 112-3 HYDFCGEN RECYCLE COMPRESSOR CLG WTE SPLY PRESS SAFETY VLV
PSV OU46 112-3 HYDROGEN RECYCLE COMPRESSOR AFTERCOCGLER OUTL PRESS SAF VLV

PSV 058 113-1 INSTRUMENT AIR DRYER BED 1 RELIEF-VALVE

Le-1



ERDA COARL CONVEI SION INSTRUMENTATICN REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICH AEF ACCEPTABLE IN SCRLED TP PLANTS (CONTINUED)

DEVICE FLOW SHEST MEASURFMRNT NAME / COMMENTIS

I.D. XO. BKZ 2383

DevV 559 113-1 INSTRUMENT AIR DRYER BED 2 PELIFF VALVE

PT 00A 111-4 10 KW FECYCLE GAS HEATFR INLET PRESSURF ITRANSMITTER

BT 010 111-4 1.5 K% RECYCLE GAS HEATER INLET PRESSURE TRANSHMITTER

T (018 111-5 PYRCLYSIS GAS TO INCINERATOR PRESSUPE TRANSMIITER

PT 030 111-6 30 KW RECYCLE GAS HEATER INLET PRESSURE TRaNSMIITEK

PT D32 111-6 30 KW RECYCLE SAS MTUATER INLET PRESSYURE TRANSY ITTER

BT 034 111-6 30 KW RECYCLE GAS HEATER INLET PRESSURE I'EANSYITTER

PT 049 111-7 10 KW RECYCLE GAS HEATER INLET PRESSURE TRANSMITIch

PT 042 111-7 30 KW RECYCLE GAS HEATEF INLET PRESSURE IRANSYITIEK

PT QUub 111-7 FOUFTH STAGE PYROLYZER OXYSEN INLET PRESSURE TRANSMITTER
PT 087 111-7 OYYGEN HEADFFR PRESSTEE TRANSMITTER

PT 124 112-3 MAKF-UP HYDROGEN COMPRESSOR DISCHARGE PRESSUKE TRANSMITTER
BT 204 1114 FIRST STAGE RECYCLE GAS COMPRESSOP DSCH PiaiSS TRANSMITTER
PT 240 111-7 FOURTH STAGE PYROLYZER HI LVL VAPOR PRESSUKRE TAANSMITTEPR
PT 319 111-8 SECOND STAGE GAS COMPRESSOR SOCTICN PRESSURE TRANSMITTER
PT 321 111-8 SECOND STAGE RECYCLE GAS CZOMPRESSOR DSCH FRESS TRANSMITTER
PT 419 112-1 PREHEATER COED OIL INLET PRESSURE TREANSMIII&EK

PT 419 112-2 HYDRO TREATING REACTOR A INLET PRESSURE I&ANSYITTER

PT u22 11z-2 HI TEMP FLASH ERUM VAPOR NDUTLET PRESSURE TRANSMITTER

P? 437 112-3 HYDFPOGEN PECYCLE COMPRESSOR DISCHARGE PRESSJURE TRANSMITTER
DT 466 112-3 PECYCLE GAS PRESSURE TRANSMITTER

PT €39 113-1 CONLING TOWER PUMPS DISCHARGE HEADER PRESSUab TRANSHMITTER
S 410 A 112-1 0TI FEED PUMP A ON/OFF SWITCH

S 4118 112-1 0TIl FEYD PUMP B ON/OFF SWITCH

SV 027318 111-5 FIRST STAGE OIL FUMF A SUCTION VACUU™ BREAKER 3V

SV G218B 111=5 FPIPST STAGE OIL °PUMP B SUCTION VACUUM BREAKER SV

TA 121 111-3 VELCCITY SEPARATOR TEMPERATORE

TA 133 111-3 AYP HEATER DISCHARE TEMPERATURE HI ALARM

T4 293 111-4 PIEST STAGE PYRCOLYZER ¥LUIDIZING GAS HI TEMP ALARH

TA a1 1121 PRFHEAZER COED OIL TUBE WALL TEMPERATURE ALARH

TA 4717 112-1 HYDEOGEN RECYCLE COMPRESSOP DISCHARGE 7TEMPExATUES ALARM
TC 023 111-4 FIRST STAGFE RECYCLE GAS COMP A DSCE TEMP CONT Hui

mC 004 1t1-4 FIRST STAGE RECYCLE GAS ZONP B DSCH TEMP CONT LO

TC 009 111-4 FPIRST STAGE RECYCLE GAS COMP A CIL INLT IEMP CONT HI

TC 019 111-4 FIFET STAGE RECYCLE® GaAS COMP B OIL INLT TEMp CONT HI

T™C 021 111-8 SECCNLC STAGE RECYCLE GAS COMPRESSOPR OIL CLR QUTL TEMP CONT.

gi-4



ERDA COAL CONVEt SION TNSTPUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE TLOW SHEET MEASUREMENT NAME / CTOMMENTS

I.D. NO. BKC 2383

TC 024 111-8 SFCONL STAGE RECYCLE GAS COMPRESSOR DSCH TEMPERATURE CONT

TC 132 111-3 VELCCITY SEPARATCR TEMPEPATURE HI COXNT

T 022 111-4 FIRST STAGE RECYCLE GAS CO¥MP DSCH HEADER TEMP IND

TI 005 111-4 FIRST STAGE RECYCLE GAS COMP A OIL 72UTL I'EMP IND

TI 03% 111-4 FIRST STAGE RECYCLE GAS COMP A OIL INLT TEMP IND

TI 027 111-4 FIFST STAGE RECYCL® GAS COMP B OIL INLT TEMP LND

TT 073 111-4 IRST STAGE ERLECYCLT GiS5 COWMF B CIL OUTL TEMP IND

TI 2311 111-5 RECYCLE LIQUGKH COCLER OUTLET TEMPERATURE INDICATOR

TT 012 111-5 RECYCLE LIQUOF CNOOQLER COOLING WATER SUPPLY TEMPERATURE IND
TI 015 111-5 OIL/¥ATER DECANTER HTAVY OIL TEMPFRATURE LNDICATOR

™I 017 111-5 FIRST STAGE OIL DEHYDRATOR TEMPERATURE INDICATOR

TI 018 111-5 FI®S? STAGE QIL YEIGH TANK TEMPERATURE INDICATIOm

TI 219 111-8 SECOND STAGE RECYCLE GAS COMPRESSOR OIL COOLER INLT TEMP IND
I 02¢C 111-8 SECOND STAGE RECYCLE GAS COMPRESSOER OIL COOLER QUIL TEMP IND -
TI 027 t11-7 CHAR COOLER OUTLET TEMPEKATURE INDICATOR RS
7T 921 111-7 CHAER COOLER COOLING WATEF RETURN TEMNPERAIURE INDICAIOR e
TI 230 111=7 CHAT CPOLER COOLTNG WATER TO DRAIN TEMPEBATUKE INDICATOR

™I 033 111-8 SECOND STAGE ERECYCLE GAS COMPRESSOR DSCH TEMPERATURE IND

TI 043 111=-6 SCRUB LIQUOR COQOLER OUTLET TEMPERATURE IKRDICATIOR

TI 044 111-9 SCFUB LIQUOR COQLER CLG WATER SUPPLY TEMPERATUEKL:L INDYICATOR
TI Qus 111-9 PRODUCT OIL WEIGH TAWK TFMPERATURE INDICATOR

T 347 T11-10 PRECOAT TANK TEMPERATORE INDICATOR

TTI 948 111-19 FITTFF FFED TANK TEMPERATURE IKDICATOR

TI 049 111-10 FILTEF FEED WETGH TANK TEMPERATURE INDICATOR

TI 050 111-10 ROTAKY PRESSUFE PRECOAT CRUDE OIL FILTER TZMPERATURE IND

TTI 251 111-10 FILTRATZ RECEIVEP OUTLET TEMPERATURE INDICATOR

TI 052 111-12 FILTRATE RECEIVEP TEMPERATURE INDICATOR

TI 053 111-10 FILTRATE RECEIVERS VENT HEADER TEMPERATURE LANLDICATOR

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 KETURN TEMPERATURE IND
TI 081 112-2 REACTOR BOTTOMS CQOLER OUTLET TEWPERATURE INDICATOR

TI 082 112-2 HI TEMP FLASH DRUM INLET TEMPERATIRE INDICATOR

TI 0813 112-2 HI TEMP FLASH DPUM VAPOR DJDUTLET TEMPERATURE INDICATOR

TI 084 112-2 VAPOR CONDENSER COOLING WATER RETURN TEMPERATURE iINDICATOR

TI 785 112-2 VAPOR CONDENSER OUTLET TEMPERATURE INDICATOR



ERDP COAL CONVE! SION INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS FHICH APE ACCEPTABLE IN SCALED UP PLANTS (CONTINULED)

DEVICE FLOA SHEST MEASOREMENT NAME / COMMENITS

I.D. ¥O. BKC 2383

TI 086 112-2 LO TEMP FLASH DRUM INLET TEMPERATURE

TI 087 112-2 LC TEMP PLASH DRUM VENT GAS NDUTLET TEMPERATURE INDICATOR

TI 088 112-2 LIGHT OIL WEIGH TANK TEMPERATUORE INDICATOR

TT C89 112-3 HEAVY OTIL PRODUCT WEIGH TANK TEMPERATURE 1INUDICATOR

TI 090 112-3 HEAVY OIL PFODUCT UFIGH TANY TEMPERATUORE INDICATOR

TT 095 113-1 INSTRUMENT AIE DRYER BED 1 TEMPERATURE INULDICATOR

TI 096 113-1 INSTRUMENT AIR DRYER BED 2 TEMPERATURE INDICATOR

TI 3G0-25 VENIUKRT SCRUBBER COQLEP PYROLYSIS GAS INLET TEMP INDICATOR

TI 300~-0E 111-5 GAS LIQUID SEPAFPATOR PYRCLYSIS GAS OUTLET TEMP INODICATOR

TI 200-07 111-5 PYRCLYSIS GAS TO INCINERATOR TEMPERATURE INDICATOR

TI 300%3-09 111-5 OIL/WATER DECANTER TEMPERATURE INDICATOR

TI 300-1 111-4 FIRST STAGE PYROLYZER CRUSHED COAL INLET T:sEt2 INODICATOR
FEVIEWED 7/1R, NO PROBLZINS

™I 309-10 111-5 FIPST STAGE OI1 DEHYDRATOR TEMPERATURIE INDICAIGR e

TL 347 11 111-6 SECOND STAGE PYROLYZER CRUSHED COAL INLET TEMP INDICATOR &

TT 300-12 111-% SFCCOXD STAGE PYROLYZEF MIXED FINES INLET TEMPLERATURE IND e

TT 307-13 111-6 SECOND STAGE PYROLYZER FINES INLFT TEMPERATURE LNDICATOR

TI 3I0C-1iL 111-6 THIRD STAGE PYROLYZEE CRUSHED COAL INLET TEMPZRATURE IND

TI 305-15 111=-6 THIFD STAGE PYROLYZER COAL/CHAR INLET TEMPEaalURZ INDICATOR

7T 30N-1K 111-7 FPOUERTH STAGE PYROLYZER CHAR INLET TEMPERATURE LNDICATOR

TI 306J-17 111-4 30 KW PTCYCLE GAS EFATEFR OUTLET TEMPERATURL ANUICATOR

™I 3CC-138 111-¢€ NO € MIXING TEE HOT GAS INMLET TEMPERATURE INDICATOA

TI 300-16G 111-6 HO 4 MIXING TFEE HOT GAS IKLET TEMPFPPATURE INODICATOR

TT 30n=2 111-14 EXTEFNAL CYCLONE GAS INLET TEMPERATURE INDICATOR

TI 3I00-2C 111-7 PYROLYSTIS GAS TEMPERATURE INDICATOR

~™I 390-22 111~6 FINFS IN WEIGH TANK TEWMPERATURE INDICATOR

T 360-23 111-8 VENTIRI SCRUBRF® 2?YPOLYSIS GAS INLET TEMPLRATURE INDICATOR

TI 23CJ)-24 111-8 GAS/LIQUID SEFARATOP PYROLYSIS GAS OUTLET TEHCERATURE IND

TI 300-25 111-8 AS CCOLEER INLET TEMPERATURE INDITATOR

TI 300-26 111-8 GAS/WRTEF SEPARATOR PYROQLYSTS GAS QUTLET T24PARAZURE IND

TL 300-27 111-8 EECYCLE GAS/NITROGEN TEMPERATJRE TINDICATOR

TTI 300-28 111-9 OTL/WAT®R DECANTER WATER TEMPERATURE TINWDICATOR

TL 200-29 111-9 OTL/WATER DECANTER HEAVY OIL TEMDERATWHRE INDICATOR

TI 3C0-3 111-4 10 KW RECYCLE GAS HEATER OUTLET TEMPEKRATUaZ LNDICATOR

TI 300-30 111-9 HEAVY OIL CEHYDRATOR TEMPERATURE INDICATOR

TI 360-31 111-9 OI1. DEHYDRATCR TEMPERATURE INDICATOR



ERDA CNAL CONVER! SION INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS W4HICH ARE ACCEPTABLE IN SCALED UP PLANTS ({CONIiINUED)

DEVICE TLO® SHE? T MEASUREMENT NAME / CCMMENIS

I.D. N9, BKC 2383

TI 302-32 111-3 ATR HEATER DISCHARGE ITMPERATWERE IND

TI 202-33 111-3 VELOCITY SEPARATOR TEMP TIND

TI 300-34 111-9 OTL STORAGE TANXK A TEMPEPATURE INDICATOR

TT 209-35 111-9 QIL STORAGE TANK B TEMPERATURE INDICATOR

TI 300~36 113-1 COOLING TOWER PUMPS DISCHARGE HEADER TFMPERATUEKE INDICATOR
TY 309-4 111-4 1.5 K¥ RECYCLE GAS HEATER OUTLET TEMPERATURE INDICATOR

™I 500%-1 112-1 OIL FF®D TANK A TEMPERATURE INDICATOR

TI 500-2 112-1 OIL FEED TANK B TEMPERATURE INDICATOR

TI 500-3 112-2 REACTOR BOTTOMS COOLER OUTLET TEMPERATURE INDICATOR

™ 500-4 t12-2 VAPOR CONDENSER OUTLET TEMPERATURE INDICATOR

™I 500-5 112-4 OIL STORAGE TANK A TEMPERATURE INDICATOR

TI 500-6 112-4 OIL STORAGE TANK B TEMPERATURE INDICATOR

PY S500-7 112-4 OTY STORAGE TANK C TEMPERATURE INDICATOR

TIC 245 111-7 19 KW RECYCLE GAS HEATER OUTLET TEMPERATURE iIND CONT

TIC 245C 111-7 10 KW RECYCLE GAS HEATER HI SHEATH TEMP IND CONT

TIC 246 111-7 25 KW OXYGEY HEATER OUTLET TEMPERATURE IND CONTRQL

TIC 246C 111-7 25 KW OXYGEY HEATER HI SHEATH TEMPERATURE IND CONTROL

TIC 247 111-7 35 X% STEAM SUPERHEATER ONTLET TEMPERATURE IND CONTROL
TIC 40 111-9 HEZAVY OIL DEHYDRATOR TEMPERATIRE INDICATING CONTHOLLER
TIC 438 A 112-1 OTL FEFD TANK A TEMPERATURE INDICATING CONTROLLER

TIC 408 B 112-1 OIl FEED TANK B TEMPERATURE INDICATING CONTROLLER

TIC 422 112-2 HI TEMP FLASH DRUM INLET TEMPERATURE INDICAI'ING CONTROLLER
TIC 469 112-4 NIL STCRAGE TANK A TEMPERATURE TINDICATOR CONTROLLER

TIC 461 112-4 OTL STORAGE TANK B TEMPERATURE INDICATING CONITROLLER

TTC 462 112-4 OJL STORAGE TANK C TEMPERATURE INDICATING CONTAOLLEK

~% 200-02 111-4 FIRST STAGE PYROLYZER LVL B VAPOR TEMP RECORDeR

TR 200-213 111-4 PIRST STAGE PYROLYZZR PFLUID BED LO LVL TEMP? RECOKDER

TR 200-04 111-4 FIRST STAGE PYROLYZER FLUIDIZING GAS TEMP RKRECIEDER

TR 200-05 111-6 STECOND STAGE PYROLYZER PYROLYSIS GAS OUTL:T TEMP RECORDER
TR 200-06 111-6 SECOND STAGF PYROLYZER CYCLONE A LVL VAPOR I'EMP RECORDER
TR 200-07 111-5% SECOND STAGE PYROLYZER FLUID BRED HI LVL TEMP RECOHKDER

TR 200-08B it11-6 SECCND STAGE PYROLYZER FLUID BED MID LEVEL IEMP INDICATOR
TR 200-09 T11-6 SECOND STAGE PYROLYZER PYROLYSIS GAS INLET TEMPERATURE RCDR
IR 200-10 111-6 THIRD STRGE PYROLYZEZR VAPOR LVL 2 TEMP RECORDER

TR 200 11 111-6 THIRD STAGE PYROLYZER VAPOR ILVL 1 TEMP RECORDER

TR 205-~12 111-6 THIRD STAGE PYROLYZER PLUID BED HI LVL TEMP EKECOHDER

TE-1



DEV
I.D

TR
TR
TR
TR
TR
TR
TR
TR
TR
TR
TR
TR
TR
TR
TR
TR
TR
TR
TR
TR
TR
TR
TR
TR
TRTC
TRC
TRC
TRC
TRC
TRC
TT
TT
TT
TT
TT
TT

ERDA COAL CONVE? STION INSTRUMENTATION REVIEW FOR THE COED PROCESS

ICE

. NO.

200-13
200-14
290-15
200-1¢
207-17
200-2
200-3
200-4
400-01
409 11
400-12
409 -5
409-6
400-7
4g3-8
400~-9
401-1
401-2
t21-3
un1-u
401-5
421-6
491-7
401-8
130
215
220
230
249
419
205
213
219
240
245
206

FLOW SHEET
BXC 2383

] [ |
F— RN IR e

— el ad b b

[T W R Y
R N S G G |
I

THIFD STAGE PYROLYZER PYROLYSIS GAS INLEL TE¥PERATURE RCDR

INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONIINUED)

MEASUREMENT NAME / COMMENTS

FOURTH STAGE PYROLYZER FLOID BED HI LVL TEMP RECORDER
FOURTH STAGE PYROLYZER BED BOTTOM TEMPERATURE EKECORDEF
FOURTH STAGF PYROLYZER ASH PIT TEMPERATURE RECORDER
FOUETHE STAGE PYROLYZER OXYGEW INLET TEMPERATUgEL BRECORDER
STAGE PYRQLYZFF LVL B VYAPCR TEMP RECOZDER

STAGE PYROLYZER FLUOUID B®D LO LVL TEMP BECORUJER
STAGE PYPOLYZER FLUIDIZING GAS TEMP KECIADLR

FIFST
FIRST
FIRST
HY DPO
HYDRO
HYDRO
HY DRO
HYDRO
HY DPO
HYDFO
HYDRO
HYDFO

TREATING
TREATING
TREATING
TREATING
TREATING
TREATING
TREATING
TREATING
TREATING

PREHEATER COED
YYDRO TREATING

PREHEATER STACK

HYDRO TREATING REACTOR B INLET TEMPERATURE RECORUEK CHART o

REACTNZR
RERCTOR
REACTOR
REACTOR
HREACTOR
REACTOR
REACTNR
REACTOR
REACTOR

O ot =wmom ™

OIL INLET

REACTOR

A

TEMPERATURE RECZORDER CHART 1
SECT A TEMPERATUKE RCOR CHART 11
SECT B TEMPERATUKE RCDk CHART 12
TEMPERATYURE RECOEDER CHART 5
TEMPERATURE RECORDER CHART 6
SECT A TEWPEERKATURE RCD& CHART 7
SECT B TEMPERATURE RCOK CHART 8
TEMPERATOPE RECORDIER CHART 9
INLET TEMPERATUHE RECORDER CHART
TEMPERATURE EKECORDER

INLET TEMPERATURE RIZOKDER CHART

TEMPERATURE RECORDER
PREREATER RECYCLE GAS OQUTLET TEMPERATURE RECOERDER

HYDRO TREATING REACTOR
YYDROGEY RECYCLE COMPRESSOR DISCHARGE TEMP RCDR CHART 8
VELCOCTTY SEPAFATOR TEMPERARTURE RECORDER

FIFST STAGE PYHOTLYZER FLUID BED MID LVL TEMP RoCORDER
STCOND STAGE PYPROLYZFR FLWID BED HI LVL KEC TZMP CONTRO
THIFD STAGE PYROLYZIZP FLUID RED RECORDING TEMP CONTROLLER

FAUETH
PREHELRTFR COED O3IL DJUTLET

STAGE PYROLYZER ASH PIT TEMPEEATURE dECOXDING
TEMPERATURE RECORDINs CONIROQOLLER

=]

-

OUTLET TEMPERATURE RECORDER CHART 7

10 KW FECYCLE GAS HEATEFP QUTLET TENPFRATGLE IRANSMILTFR
FIRST STAGE PYROLYZER FLUID BED MID LVL IEMP IRAKSMITTER
1.5 KW RECYCLE GAS HEATER OUTLET TEMPERAIURE TRANSMITTER
POUORTH STAGE PYROLYZER ASH PIT TEMPERATURE TRANSMITTER
12 KW RECYCLF GAS HEATFR OUTLET TEMPERATURE I[RANSSIITER
25 KW CXYGEN HEATER OUTLET TEMPERATURE TRANSMITTER

CONTROL

T



ERDA CORL CONVE}STION INSTRUMENTATION REVIEW FOR THE CCED PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IW SCALED UP PLANTS (CONTINUED)

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENIS

I.D. NO. BKC 2383

TT 247 i11-7 35 KW STEAM SUPERHEATEF OUTLET TEMPERATURE TRANSMITTER

TT 248 111-7 30 KW RECYCLFE GRS HEATER OUTLET TEMPERATURE TRANSMIITER
TT 419 t12-1 PREHEATEERE COED DIL OUTLET TEMPERATURE TRANSMITITEK

TT 422 112-2 9T TEMP FLASH DRUM INLET TEMPERATORE TPRANSMIIIER

TH 013 111-5 RECYCLE LIQUOR COOLER COOLING WATER RETURN TEMP TEST WELL
™3 14 111-5 RECYCLE LIQUOR PUMDPS DISCHARGE HEADER TEMPLRATURE TEST WELL
™ 015 T11-5 GAS COOLER COOLING WATER RETURN TEMNPERATUEE TEST WoLl

W 032 111-8 GAS COOLER COQLING WATEP RETURN TEMPERATURE TEST WELL

TH 042 111-9 - SCRUB LIQUOR COOLER INLET TEMPERATURE TEST WELL

™4 045 111-9 SCRUB LIQUOR COOLER COOLING WATER RETURN TEMPERATURE TEST

te-d
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I.D.

AIT
AIT
AM
AM
AY
AH
aH
AR

[ Se]

i

AR
ap
aR
AF
ARO
AEO
ARO
ARO
iSH
cCcs
CCs
cCsS
cCse
CCs
Ct

CE
CE
CE
CcsvV

Csv
csv
csv

Z3DA COAL CONVERSION INSTRUMENTATION REVIEW FOR THE CO2 ACCEPTOR PROCESS

Icw:

NO.

1000
1001
1000
10G1
2001
2002
2002 2
15090
10007
1091
12014
2001
2CG2
1323
2140
2141
2187
10901
1000
1001
2001
2003
2004
1007

10901
1003

2001

2003

2004
10C)

100 1A
10918
1002

FLOY SHEET
SEC

201
202
201
202
20%
205
205
201
202
201
202
205
205
201
202
202
204+2
202
201
202
204-1
204-1
204-1
201

202
201

2041
204 -1
204-1
201

202
202
201

INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS

MEASUREMENT NAME / COMMENIS

DRYER FURNACE STACK (02 ANALYTICAL INDICATING I'KANSMITTER
02 IND ANATYTICAL XNMTR
DRYFR FURNACE STACK 02 ANALYTICAL RECORDER SIGNAL CONVERTOR
02 ANALYTICAL SIGNAL XVERTOR
RG CYCLONE ¥LUE GAS OUTL 02 ANALYSIS XDCR
RG CYCLOWE FLUE GRS OUTL CO ANALYSIS XDCx
RG CYCLONE FLUF GAS OUTL CO ANALYSIS XDCR A
DRYER V¥URWACE STRCK 02 RECORDER
02 ANALYTICAI RCDR
DRYER FURWACFE STACK 02 ANALYTICAL RECORCER LOCAL PANEL
02 BNARLYTICAL RECORDER
RG CYCLONE FLUE GAS OUTL 02 AWALYSIS REC
RG CYCLONE FLUE GAS OUTL CO ANALYSIS REC
DRYER FURNACE FUEL GAS INLET ADJUSTABLE RESTRICTION ORIFICE
EQUALIZING HDF VENT ADJ E»1RTT ORIF
LIGNITE IN HOPPZR VENT GAS ADJUSTABLE RESTRICTION ORIFICE
bv CYCLE COMP ADJ REST ORIF
02 ANALYTICAL SWITCH HI
DRYER FURNACE COMBUSTION CONTRCOL SWITCH
PRHTR FURNACE COMBUSTION CONTROL SW
ATR HEATER PILOT SAFETY CONTROL VALVE
DOLOMITE LIFT HTR COMBUSTION CONT SW
CHRR TIFT HEATER COMBUSTION CONT SW
DRYFE FURWACE COMBUSTION ELEMENT
IGNITOR
PRHTR FURNACE INERT GAS INLET COMBUSTION ELMT
DRYER FURNACE STACK IGNITOR
IGNITOR
ATP HEATER COMBUSTION ELEMENT
DOILOMITE LIYIFT HTF COMBUSTION ELHT
CHEA® LIFT HEATER COMBUSTIOW ELMT
DRYER FURNACE FUEL GAS INLET COMBUSTIGN SAFETY VALVE
STANDARD BLEED VALVE WI™H DOUBLE BLOCK VALVES
PRHTR FURNACE TEMP CONT SOL VLV
PRETR FURNACE FUEL GAS INLT SOLEWOID VALVE
DRYER FURWACE FUEL GAS COMBUSTION SAFETY VALVE

A%



ERDA CNAL CCNVERSIOM INSTRUMENTATION REVIEW FOR THE CO2 ACCEPTOR PROCESS
INSTRUMENTS WHICH AFE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE FLO7? SHEET MEASURFMENT NAME / COMMENTS
T.D. NO. SRC

Csv 2001B 204-1 AIFP HEATER FUEL GAS SAFETY SOL VLV 1A

CsSV 2003a 204-1 DOLOMITE LIFT HTR FUEL GAS CONT SOL VLV

CcsSv 2003B 204-1 DOLOMITE LIFT HTR FUEL GAS INLT CONT SOL VLV
CSV 20043 204-1 CHAP IIFT HEATER GAS SAFETY SHUT OFF VLV

CSV 20048 204-1 CHAR 1 IFT HEATER GAS SAFETY SHUT OFF VALVE
cv 001 205 ASH OUT HOPPER B INLT CONT VLV

cv 002 205 ASH OUT HOPPER A INLT CONTROL VALVE

CVs 2001A 204-1 AIR HFATER FUEL GAS SAFETY SOL VLV A

pDPCVv 1003 202 FURNACE PILOT D/P CONT VLV

DPCV 1005 201 DRYER FURNACE FUEL GAS INLET D/P CONTROL VALVE
DDPCV 1006 203-2 HOT LIGNITE FEEDER PURGE D/P CONT VALVE

DPCV 1010 202 IGNITOR AIR LINE D/P CONT VLV

DPCV 2000 207 QUENCHED GAS STRM 1 DIFFI PRESS CONT VLV

EASY SERVICE-MINOR EROSION
THROTTLE PLUG,GATE PR BALL ALL OK

pPCV 2C06 203-1 SPFNT DOLOMITE LINE VALVE PURGE GAS D/P CONIRIL VALVF
DPCV 2007 203-1 PURGE GAS SUPPLY D/P CONTROL VALVE

DPCY 2010 203-1 DOTOMITE LINEF RECYCLE FLUE GAS D/P CCNTROL VALVL
DPCV 2026 203-1 DOLOMITE DSCH LINE D/P CONTROL VALVE

DPCV 203G 202 QUENCHED FLUE GAS D/P CONT VLYV

DPCV 20303 202 QUENCHED FLUE GAS D/P CONT VLV

DPCV 20136 203-1 COKF LINE DIFFERENTIAL PRESSURE CONTROL VALVE

DPCV 20137 203-1 PURGE GAS FOR SPEND DOLOMITE VALVE D/P CONTROL VALVE
DPCV 2050 2G2 LIGNITE HOPPER PURGE GAS D/P CONT VLV

DPCV 2051 202 FEEDER B PURGE [/P CONT VLV

DPCVY 2055 203-2 PURGE GAS D/P CONT VLV

DPCV 2056 203-2 PURGE GAS D/P CONT VLV

BPCV 2057 203-2 PUFGE GAS D/F CONT VLV

pPCV 2071 202 LIGNITE HOPPER PURGE GAS D/P CTONT VLV

DPCV 2072 202 LIGNITE FDR B PURGE GAS D/P CONT VLV

DPY 1004 202 WASTE LIGNITE LINE D,P IND

DPI 1007 201 WILLIAMS MILL/SEPARATOR/FEEDER D/P INDICATOR

DPI 1908 201 BAG HOUSE INIFFERENTIAL PRESSURE INDICATOR

DPT 2011 203-1 DIFFERENTIAL PRESSURE OVER DOLOMITE OUT HOPPe&d IWNDICATOR
DPI 2061 20u4-1 MAIN AIR COMP LUBE OIL PILTER D/P IND

DPI 3008 208 HPC ABSORBER DIFFERENTIAL PRESS IND

STD DEVICE

ce-4



DEVI
I.D.

DPI

DPI

DPIC
DPIC
DPIE
DPIS
DPIS
DPIS
DPIS
DPR
DPR
DPR
DER
DPR
DPR
DPR
DPR
DPR
DPR
DPR
DPR
DPR
DPR
DPR
DPR
DPR
DPR
DPR
npe
DPR
DPR
DPPR
DPR
DPR

ERDA COAY CONVFI SION INSTRUMENTATION REVIEW FOR THE CO02 ACCEPTOR PROCESS

CE
NO.

3009
3010

2071
2072
2038
2038
2039
20392
20398
1001
1002
1003
2901
2002
2003
2004
2005
2008
2009
2013
2014
2021
2022
2025
2927
2028
2029
2031
2732
2033
2034
2035
2043
2044

FLOY SHEET

SRC
208
208

202

202

202

203=2
202

203-2
203-2
202

202

202

203-1
203-1
203-1
203-1
203-1
203-1
203-1
203=1
20 3-1
263-1
203-1
203-1
203-1
233-1
203-1
203-1
203-1
203-1
203-1
203-1
2031
203-1

INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED

HPC FILT
STD
EPC STRI
STD
LIGNITE
LIGNITE
LIGNITE
LIGNITE
LIGNITE
LIGNITE
LIGNITE
LIGNITE
LIGNITE
LIGNITE
DEVOLATI

DEVOLATILIZER

Up PLANTS (CONTINULD)

MEASUREMENT NAME / COMMENTS

ER DIFFL PRESS IND

DEVICE

PPER DIFF PRESS IND
DEVICE

HOPPER PURGE D/P IND CONT
FBR B D/P IMD CONT
HOPPERS D/P IND SW HI/LO
FEED LINE B D/P IND SW
FDR B b/7P IND SW HI/LO
FEED 1INE A D/P IND SW
HOPTERS PURGE LINE D/P
PRHTR BED LVL D/P RCPR
PRHTR BEDR 1LVL D/P RCDR
PRHTR BED LVL D/P RCDR
LIZER FLUID BED D/P RECORDER

FLUID BED LEVEL D/P PECORDER

IND SW

9t~4

DEVOLATILIZER FLUID BED LEVEL D/P RECORDER

DEVOLATI
DEVOLATI
DOLOMITE

LI ZER DOLOMITE POT D/P FECORDER
LIZER DOLOMITE PCT D/P RECORDER
LINE DIFFERENTIAL PRESSURE RECORDER

DOLOMITE LINE D/P RECORDEP

COKI /CHA
GASIFIEK

P LIFT LINE D/P RECORDER
CHAF DSCH LINE DIFFERENTIAL PRESS nz<~OnUER

SPENT DOLOMITE/LIFT GAS D/P RECORDER

SPENT DOLOMITE

ODSCH LINE D/7P RECORDER

DOLOKMITE SUPPLY LINE D/? RECCORDER

SPENT CH

AR LINF DIFFERENTYIAL PRESSURE RECOADER

SPENT CHAER [INE DIFFRERENTIAL PRESSURE RECORDEX

SPENT CH
GASYFIER
GASTIFIER
GASIFIER
GASIFIER
GASIFIER

Ak DSCH I INE DIFFERENTIAL PRESSUKE ZZCORD&x
BED LEVEL DIFFERENTIAL PRESSURE RECOsUbR
FLUID BED LEVEL D/P RECORDER
FLUID BED LEVEL D/P RECCRDER
SPENT DOLOMITE BED D/FP RECORDER
SPENT DOLOMITFE BED D/7P TRANSMITIER

DEVOLATILIZER RECYCLE 3AS/PROCESS GAS DSCH D/ RECORDER

PROCESS

GAS 1/2 DIFFERENTIAL PRESSURE RECORUER



ERDA CORL CONVEi SION INSTRUMENTATION REVIEW FOR THE CO2 ACCEPTOR PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENTS
I.D. WO. SEC
DPRC 2000 203-1 DEVOLATILIZER VAPOR SPACE/FLUS GAS D/P RZCORDING CONTROLLER
DPRC 2006 203-1 SPENT DOLOMITE LINE VALVE PURGE GAS D/P RECORDING CONTROLLER
DPRC 2007 203-1 PURGE GAS SUPPLY D/P REGULATING CONTROL
DPRC 2010 203-1 DOLOMI TE LINE RECYCLE GAS D/P REGULATING CONTROL
DPRC 2026 203-1 GASTFIEP DOLOMIT™E SUPLY LINE D/P RECORDING CONTROLLEGR
DPRC 2030 263-1 PROCESS GAS 1/2 D/P RECORDING CONTROLLER
DPRC 2036 203-1 COKF LINE DIFFERENTIAL PRESSURE RECORDING CONIROLLER
DPRC 2037 203-1 PURGE GAS D/P RECORDING CONTROLLER
DPS 1000 201 WITLIAMS MILL/SEPARATOR/FEEDER D/P SKXITCH
NO CONTROL SHOWN
DPS 1001 202 LIGNITF PRHTR BED LVL D/P S¥ LO
DPS 1003 202 LIGRITE PRHTR BED LVL D/P SW HI
DPS 2002 203-1 DEVOLATILIZER FLUID RED LEVEL D/P SWITCH
nPSs 2026 203-1 GASIFIER DOLOMITE SUPPLY D/P SWITCH HI-LO w
DPS 2030 203-1 PROCESS GAS 1/2 DIFFERENTIAL PRESSURE SWITCH H/L @
DPS 2032 203-1 GASIFTER FLUID »ED LEVEL D/P SWITCH
DPSH 1011 201 BAG HOUSE HIGH DIFFERENTIAL PRESSURE-START CARRIAGE MOTOR
DPSH 2003 203-1 DFVOLATILIZFR FLGID BED LEVEL D/P SWITCH HIGH
DPSH 2033 203-1 GASIFIER FLUID BED LEVEL D/P SWITCH HIGH
GPSH 3001 205 RG QULNCH PMET DSCH HDR FLTR DIFFL PRESS SW HI
DPSH 3002 206 GF QUENCH STRAINFR HI DIFFL PRESS SW
DPSH 3003 2067 DV RECYCLE FILTER HI DIFFL PRESS SW
GENERALLY S.0.P.
DPSH 3004 207 DV QUENCH PMPS DISCH FILTER HI DIFFL PRESS 3W
$.0.P
DPSHL 2000  203-1 DEVOLATILIZER TOP/FLUE GAS D/P SWITCH HIGH/LOA
DPSL 1012 201 BAG HOUSE LOW DIFFERENTIAL PRESSURE-STOP CARRILaGi MOTOR
DPSL 2028 203-1 SPENT CHAR LINE DIPFERENTIAL PRESSURE SWITCH LOW
DPSL 20461  203-2 DEVOLATILIZER BED LEVEL D/P SWITCH LO
DPSL 2048L  203-2 REGENEPATOR/GASIFIER D/P LINE D/P SW LO
DPSL 2049D  203-2 DEVOLATLIZER/GASIFIER D/P LINE PURGE D/P SW LO
DPSL 20891  203-2 GASIFIER BED LEVEL D/P SW LO
DPSL 2053 202 FQUALIZING HDR D/P SW LO
DPSL 2054 202 LIGNITE F¥DR B D/P PURGE SW LO
DPT 1002 202 LIGNITE PRHTR BED LVL D/P XMTR

DPT 2000H 203-2 DEVOLATILIZER BED LEVEL D/P XMTF LO



ERDA COAL CONVE! STON INSTRUMENTATION REVIEW FOR THE COZ ACCEPTOR PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONIINUED)

DEVICE FLOW SHEET MEASJREMENT NAME / COMMENTS

I.D. NO. SRC

DPT 2000L 203-2 GASIFIER BED LEVEL D/P XMTR

CPT 2018 203-2 REGENERATOR PURGE LINE D/P “MTR

DPT 2019 203-2 DOLOMITE FDR/REGENERATOR D/P XMTR

DPT 2020 203-2 REGENERATOR BED LEVEL D/P XIMTR

DPT 2024 203-2 DEVOLATILI ZER/GASIFIER D/P LINE PURGE D/P XMIR

DPT 2027B 203-2 SPENT CHAR LINE D/P XMTR

DPT 2036B 203-2 GASIFIER SPENT CHAR LINE PORGE D/P XHTR

DPT 2043H 203-2 DEVOLATILIZEE BED LEVEL D/P XMTR HI

pPT 2071 202 LIGNITE HOPPERS D/P IMTR

DPT 2072 202 LIGNITE FDR B D/P XMTR

EDV 2051 202 QUENCHED FLUE GAS SOL VLV

EHC 1016 201 BELT FEEDER MOTOR ELFCTRICAL HAND CONTROLLER

EHC 1019 201 DOLOMITE VIBRATING FEEDER B MOTOR ZLECTRICAL dJAND CONTRCLLER
EHC 1020 201 DOLOMITE VIRRATING FEEDER A MOTOR ELECTRICAJ, HAND CONTROLLER
EHC 1123 201 LIGNITE CRUSHER FEEDER MOTOR ELFCTRICAL dAND CONTROLLER

EHC 1925 201 DOLOMITE SCREEN AND BUCKET ERLEVATOR HMOTORS 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 20506 203-1 DOLOMITE OUT HOPPER DSCH ROTARY VALVE MOTOR ELECI HAWD SW
FHS 1001 201 INERT GAS COUT LINE FROM WILLIAMS MILL VALVE MOTER EAND SW
EHS 1009 202 INERT GAS CV ELEC HAND SW

EHS 1013 201 LIGNITE SURGE BI¥ INLET ZONTROL VALVE FLECTRICAL HAND SWITCH
EHS 1015 202 HOT LIGNITE FEEDER MOTNR ELEC HAND SWH

EHS 1216 201 BELT FFEDER MOTOR ELECTRICAL HAND SWITCH

EHS 1017 201 LIGNITE CRUSHER FEEDER MOTOR ELECTRICAL dHAND SWIICH

EHS 1019 201 DOLOMITF YIBRATING FEEDER B MOTOR ELECTRICAL HAND 3#¥ITCH

®HS 1020 201 DOLOMITE VIBRATING FEEDER A MOTOR ELECTRICAL HAND SWITCH

EHS 1023 201 LIGNITE CRUSEER FEENFR MOTOR ELFCTRICAL HAND SWITICH

EHS 1024 201 LIGNITE CRUSHER MOTOP ELECTRICAL HAND SWITCH

EHS 1026 201 ATP 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 ZLEVATOR MOTOR ELECTRICAL HaND SWIICd

EHS 1032 202 RNDOTS COMPRESSCR MOTNR ELEC HAND SW

EHS 1035 201 SECONDARY FAN MOTOR START/STCP SELECTOR SWITICH

FHS 1043 201 WILLTAMS MILL MOTOR ELECTRICAL HAND SWITCH

8t-g



DFVZ

I.D.

EHS
EHS
EHS
EHS
EHS
EHS
EAS
EHS
EHS
EHS
EHS
EHS

EHS
ERS
EAS
FHS
BHS
EHS
EAS
EHS
ERS
ENS
EHS
EHS
EHS
EHS
EHS
ERS
EHRS
BHS
ERS
EHS
EHS
EHS
EAS

ERDA CNOAL CONVE! SION INSTRUMENTATION REVIEW FOR THE CO2 ACCEPTOx PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTIRUED)

CE
NO.

1651
1052
2000
2001
2092
20072
2004
201T
2010
2913
2018
2027

2022
2023
2024
2926
2030
2081
20597
20598
2060 A
20608
2062
2063
2066
2076
2077
2079
2979
2080
2081
2082
2083
2084
2085

FLOW SHEET
SRC

201

201

203-1
203-1
203-1
203-1
203-1
203-1
203-1
293-1
203-1
203-1

204 -1
204-1
208-2
204-2
203-1
206-1
205

205

205

205

2%24-1
204-1%
202

204-2
204-2
204-2
204-2
203-1
203~3
203-3
203-3
203-3
202

MEASJREMENT NARE / CONHENTS

DRY LIGNITE PPEDEFR LN A ROTARY VALVE CONT ELEC HaND SWITCH
LIGNITE CYCLONE INLET INERT GAS SUPPLY CONI&OL VLV ELEC S¥W
DEYOLATILIZER WASTE GAS VALVE ELEC HAND Sk
SPENT DOLOMITE LINE VALVE MANUAL ELECTRIC SWIICH
COKE DISCHARGE LIN® VALVE ELECTRICAL HAND SWIrICH
GASIFIER SPENT DOLOMITE LINE ELECTRIC HAND SWITCH
DUNBP HOPFER INLET CONT VLV ELECTRIC HAND SWwITCH
DEVOLATILIZEK HEATER ELECTRIC HAND SWITCH
SPERT DOLOMNITE DSCH ZV HAND OPTD ELECTRIC S541ICH
GASIPIBR COKE DSCH LINE VALVE ELECTRICAL dAND SWITCH
DEVOLATILIZER PROCESS GAS SOLENOID VALVE ELEC HAND CONTROL
GASIFIER ELECTRICAL HAND SWITCH
TIED TO A GASIPYER DEVICE WHICH WAS DISCONNZCIED OF RENOVED
AIR HEATER INLET AXR SLEC SW
CHAR LIPT HEATER RECYCLE GAS VALVE SANUAL ELECT SWIICH
RECYCLE GAS 2 VLV CONT ELEC SW
RECYCLE GAS 1 CONT ELEC SW
DOLOMITE SUPPLY CONTROL VALVE ELECTRICAL HAND SWITCH
DOLOMITE LIPT GAS HTR LIPT GAS INLT CV¥ BLEC MANUAL SW¥
ASH OUT BOPPER A INLET CV ELEC HAND SW
ASH OUT HOPPER A OUTL CV ELEC HAND SW
ASH OUT HOPPER B OUTL CV BLEC HA®D SW¥
ASH OUT HOPPER B OUTL CV ELEC HAND SN
RECYCLE PLUE GAS COM? A ELEC HAND SW
RECYCLE FLOE GAS COMP B MOTOR ELEC HARD Sk
LIGHITE HOPPER B ELEC HAND SM
DV CYCLE COMP A MOTOR ELEC SW
DV CYCLE COMP 5 MOTOR ELEC S%
QUENCHED FUEL GAS CNHP A MOTOR ELEC SW
RECYCLF PLUE GAS CONPEESSOR B MOTOR ELEC Si
DV JACKET WATER CIRC PUNP MOTOR MANUGAL sS4
RG JACKET WATER CIRC PUNP MOTOR MANUAL Sd
CIRC PUNP B MOTOR MAWUAL SW
RG JACKET WATER CIRC PMNP MOXOR A MANUAL Sid
RG JACKET WATER CIRC PUNP MOTOR B MANHAL SW
LIGNITE HOPPER INLT VALVE ELECT HAWD SW

6t-€



DEV
I.D

EHS
BAS
EnS

21
[
el
21
-39
BX
Bl
Bl
FI
|24 2
Bl
4 §
FCV
FCV
FCV
PCY
PCY
PCV
PCY

|44 ]
PCV
FCV
FC¥
FCcy
PCY

FCY
FCY

ERDA COA! CONVERSTOK TINSTRUSENTATION REVIEW 7?OR THE CO2 ACCEPTOR PROCESS

ICE
. NO.

2097
2098
3001

1004
10%7
1034
1080
19745
1053
154
1055
2121
2122
2123
2124
1006
1009
2000
2004
2013
20w
2028

20294
2032
2T13
2126
k 1 ok
3014

3036
k [k )

PLOW SHERT

SRC

205
205
208

201
201
201
203
2
204
201
201
203-%
203-1
2031
MN-1
222
202
203-1
2%13-1
204-1
228 =%
208

208
2081
208 ~1%
204=2
04
23

206
207

INSTRUSENTS FHICH ARE ACCEPTABLE IN SCALED UP PLANYS (CONTINUED)

BEASURENENT NAME / CONHENTIS

ASH OUT HOPPER A RELIPF YENT GAS CV ELEC HAND S¥

ASH# OUT ROPPER B RELIEF VENT GAS CV ELEC HASD SW

BECYCLE CO2 CONPRESSOR ELEC RAND SW
STD APPLICATION

AIP FAN ROTOR ANNTTER

HATH AZR PAN MOTOR AMNETE®

SECONDARY PAN FOTOR ANNETER

LIGNITE REDLER BLEVATOR HOTOR ANNETER

VWILLIARS NILL NOTNR ANMETER

DOLONITE CRUSHER FEEDEBR HNOTOR AWNETER

DOLONITE SCREFR CONYEYOR MOTOR ARMNETER

DOLCAITE SCREEN NOTOR ANMNETER

DEYOLATILIZER HEATER ELEITRIC INDICATOR

DEVOLATILIZEF HEATER ELECTRIC INDICATOR

GASIFIZR RECYCLE GAS 2 ELECTRICAL INDICATOR

GASIFPIEF BRECYCLE GAS 2 INLET ELECTRICAL 1MDICATOs

TPOCEES AIR FLOW CONT VLV

QUEFCHED FLUE GAS PLOW CONT ¥LY

DEVOLATILIZEF CO2 FLOW COYTROL VALVE

CO02 GAS FLOW CONTROL ¥ALYR

DOLONITE LIFT GAS HTR AIR PLON CONT VLV

RECYCLE FLUE GAS PLOY CONTROL VALYE

PIRSET STAGE RECYCLE CO2 CMPR PUEL GAS IMLT PLO@ CONT VLY
STD YEWNDOR PKG

PIRST STAGE RECYCLE CO2 CYPR PUEL GAS INLL FLOW CONT VLV A
STD WENDOR PKG

RECYCLE PLUE GAS TLOW CONT VLV

ATE HEATER INLET AIY FLOW JONT VLV

RECYCLE GAS 2 FLOV CONT VALVE

HPC ARSORBER CARBOMNATE SOLOTION INLT FLOW CONT VLV
STD DEVICE

REPOILER STEAN INLT FLOY CONT VLY
STD DEVICE

QUENCH STAIFPER INLT FLOY CONT VLY

DF¥ QUENCHE SEFARATOR W37 4TH OOUTL FLOW CONT ViV
STD DEVICE

ov-g



ERDA COAL COWVEISION INSTRUNEMTATION SEVIEW POR THE CO2 ACCEFTOR PROCESS
INSTRUNENTS WHAICH APE ACCEPTABLE IN SCALED OP PLANTS (CONIINUED)

DEVICE PLOW SHEET MEASORENENT NANE / COMMENIS
T.D. WO, SRC
PE 1005 202 PPHTR FUPNACE “UEL GAS INLT PLOW BELAT
FE 1006 202 AIF PLOV ELERPNT
FE 1007 292 INERT GAS FLOW ELENERT
PE 1009 202 PREBEATER VENTURI VENDT FLOY ELART
FE 1025 201 DRYER FURNACE PUEL GAS INLET™ PLOW PLENENT
PE 2012 204 -1 DOLOMITE LIPT GAS HEATER AIR INLT FLOW ELAT
FE 2014 208-1 RECYCLP PLUE GAS PLOW ELET
FR 2015 208 «1 RECYCLE GAS CHAR LYPT PLOW ELNT
FE 2027 20u4-2 DV CYCLE COMP RECYCLE GAS PLOW ELAT
FE 2029 202 QUENCHED FLUE GAS FLO¥ ELMT
FP 2032 204~ 1 RECYCLE FLUE GAS PLOW BLAMT
PE 2113 204 -1 ATR HEATER INLET AIR PLOW ELNT
PR 2119 203~3 DY STFAN DRUM VENT PLOW ELNT
FE 2120 203-3 RG STEAN DRIUN VENT PLOV ELNT o
FE 2121 203-3 GP CORDFNSATE DRAIN FLOW FLAT ~
FP 2000 207 WASTE GAS TO FLARE PLOV ELENM =
FE 3020 A 207 WASTE GAS TO PLARE PPESS CONT VLV BY-PASS FLOW ELES
STD DEVICE :
FE 3013 28 HPC ABSORBEP CARBONATE SOLUTION TNLT PLOW ELENM
STD DEVICE
PE 301G 208 REBOILEK STEAM INLT PLOW ELEN
STD DEYICE
PE 3029 208 HPC ABSORBER QUENCHED PLUE GAS INLET PLOW EiBH
STD DEVICE
PE 3030 207 QUERCHED GAS STRM 2 FLOW ELEN

S7L KREGAFCLESS EXACT TYPE OF ELENENT
GAS PLOW WELL DOCUNENTED

FE 31036 206 QUENCH STRIPPER INLT PLO¥ ELENW

FE 301317 207 DV QUENCH SEPARATOR ®ST WTR OUTL PLOW ELES
STD DEVICE

FE 3038 208 C02 APTERCOOLER OUTL PLOW IND
STD DEVICE

FE 3048 200 FPIEST STAGE RFCYCLE C02 CMPR POEL GAS iINLT FLOW ZLEN
STD VENDOR PKG

FPE 5046 204-1 INERT GAS START-UP CHAR LIPT FLOW ELNT

FPH 1005 202 NZ/ATIR PLOW RATIO AMPLIPIER



ERDA COAL CONVEIZION INSTRUMENTATION REVIEW FOR THE CO2 ACCEPTOR PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINULD)

DEVICE FLOR SHEET MEASUREMENT NAME / COMMENTS

I.D. NO. SKC

FHC 2028 208 FIFST STAGE RECYCLE C02 CMPR FUEL GAS INLT FCV A HAND CONT
STD VENDOR PKG

FI 1011 203-2 LIGNITE PREHEATER RFD LEVEL D/P LINE PURGE FPLOW IND

I 1012 203-2 LIGNITE PREHEATER BED LEVEL D/P LINE 2PURGE FLO& IND

FI 1013 203-2 LIGRITF PREHEATER BED LEVEL D/P LINE PURGE FLOW IND

FI 1014 201 LIGNITE SILO INERT GAS PURGE SUPPLY PLOW INDICATOR

PI 1015 262 VENTURI SCRUBBER CW INLT FLOW IND

FI 1017 201 WILLIAMS MILI]. INERT GAS INLET FLOW INDICATOR

FI 1019 201 BAG HOUSE INERT GAS TNLET FLOW INDICATOR

FI 1C20 201 LIGNITE FINES BIN INERT GAS IKNLET FLOW INDICATOR

FI 1021 203-2 PRPHEATER VENTURI LEVEL LINE PURGE FLOW iNDICATOK

FI 1022 202-2 PREHEATER VANTURI LEVEL LINE PURGE FLOW IND

FI 102% 201 DRYER FURNACE FUEL GAS INLET PLOW INDICATOR

FI 1027 201 DRY LIGNITE FEEDER VALVE 109 INERT GAS SPLY FLOW INDICATOR

FI 1028 203-2 HOT LIGNITE PEEDER PURGE FLOW IND

FI 1031 201 MILL SEPARATOR DSCH LINE EJ 101 INERT GAS INLT FLOW IWD

FI 1032 201 MILI SEPARATOR DSCH LINE FJ 100 INERT GAS INLI FLOW IND

FI 1233 201 LIGNITE CYCLONE OUTLET JNERT GAS SUPPLY FLOW INDICATOR

FI 1034 201 DRY LIGNYITE FEEDER VALVF 1092 INERT GAS sSPLY FLOW INDICATCR

FI 1038 2C2 IVEFT GAS FLOW INDICATOR

FI 1041 201 DRYER FURNACE COOLING WATER SUPPLY PLOW S5IGuT GLASS

FI 230¢ 203-1 DEVOLATILIZER LIGNITE LN RECYCLE GAS SUPPLY FLOW INLICATOR

FI 2007 203-1 STRRT UF LINE RECYCLFE GAS 2 FLOW INDICATOR

FI 2030 203-1 DOLOMITE DUT HOPPER DIFPEFENTIAL LINE PURGE FLOW INDICATOR

FT 20133 203-1 PURGE GAS B FLOW INDICATOR

FI 2033P 203-2 DEVOLATILIZER CYCLOWE DSCH D/P LINE PURGE FLOW 1IND

FI 2C35 2G3-2 DEVOLATILTZFF D/P LINE PIJRGE FLOW IND

FI 2036 203~-2 DEVOLATIIIZEP D/P LINE PURGE PLOW IND

FI 2038 203=-2 DEVOLATTILIZER D/P LIRE PURGE FLOW IND

FI 2041 203-2 DEVOLATILXIZEE D/P LINE PURGE FLOW IND

FI 2042 203-2 DEVOLATILIZER D/P LINE PURGE FLOQW IND

PI 2045 203-1 PURGE GAS B FLOW INDICATOR

PT 2045A 203-2 DEVOLATILIZEK LEVEL D/P LINE PURGE FLOW IND

FI 2046 203-2 CHAP ITIPFPT LINE D/P TAP LINE PURGE FLOW IND

FI 2047 203-2 DEVOLATILIZER SPENT CHAR D/P LINE PURGE FLOW IND

FI 2049 203-2 DEVOLATILIZER DSCH D/P LT¥E PURGE FLOW IND

v-4



ERDA COAL CCNVERSION INSTRUMENTATION REVIEW FOR THE CO2 ACCEPTOR PROCESS
INSTRUMENTS W#RICH AFE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

£Ey-q

DEVICE FLOW SHEZ 7T MEASUREMINT NAME / COMMENIS
I.D. RNO. SPC
PTI 2052 203-2 DOLOMITE HOPPER OUT D/P LINE PURGE FLOW IND
FI 2C54 203-2 DOLOMITE HOPPER OUT D/P LINE PURGE FLOW IND
FI 2055 203-1 DPOLOMITE VALVE PURGE GAS FLOW INDICATOR
FI 20558 203-2 DOLOMITE HOPPER OUT D/P LINE PURGE FLOW I¥D
FI 2057 203-1 DOLOMITE VALVE PURGE GAS FLOW INDICATOR
FI 20578 2023-2 DOLOMITE HOPPER OUT D/P LINE PURGE PLOW IND
FI 2060 203-2 SPENT DOLOMITE LINE POIRGE PLOW IND
FI 2066 203~-2 SPENT CHAR LINE PURGE GAS FLOW IND
FI 2968 203-2 REGENEFATOR/LIGNITE HOPPERS D/P LINE PURGE FLOW IND
FI 20682A 203-2 DOLOMITE DSCH LINE PURGE FLOW IND
FI 2059 203-2 DOLOMITE LINE PURGE FLOW XMTTR
FI 2670 203-2 REGFNFRATOR VENT HDR PURGE FLOW IND
FI 2072 263-2 REGFNF RATOR PURGE LINE FLOW IND
FI 2074 203-2 REGENEPATOR D/P LINE PURGE FLOW IND
FI 2075 203-2 SPENT CHAR LINE PURGE FLOW IND
FI 2076 203-2 SPENT LOLOMITE LINE PURGE FLOW 1IND
PI 2977 203-2 SPENT DOLOMITE LINE PURGE FLOW IND
FI 2078 203-2 SPENT CHAE LINF PURGE FLOW IND
FI 2¢81 203-2 ENGAGER 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 LINF PURGE FLOW IND
FT 2CB7A 20 3-2 DEVOLATILIZER/GASIFIER PURGE BY-~PASS FLOW IND
FI 2689 203-2 DOLOMIT LINF D/P TAaP LINE PURGE FLOW INDICAIOR
FI 2091 203-2 DOLOMITE LINE D/P TAP LINE PURGE FLOW INDICATOK
FI 2092 263-2 GASIFIEP D/P LIN® PURGE FLOW TNDICATOR
FI 2094 203~2 GASIFTEP VAPOE SPACE TAP LIYE PURGE FLOW 1IND
FI 2095 203=-2 GASIFTER D/P LINF PURGE FLOW INDICATOR
FI 2096 203-2 GASIFIER D/P LINE PURGE FLOW® INDICATOR
FTI 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 GRSIFIER D/P LINE PURGE FLOW IND
FI 2104 203-2 GASIFIER D/P LINF 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 PGRGE FLOW IND
FI 2107 203-2 GASIFPIER SPENT DOLOMITE LINE PURGE FLOW IND



EEDA COAL CONVERS TON INSTFIIMENTATICN REVIFW FOR THE CO2 ACCEPTO& PROCESS
INSTRUNENTS WHICH AFz ACCEPTABLE TN SCATED UUP PTANIS (CONIINUED)

PEV PLOW SHERT MERSTUSEMENT NAME / COMMENITS

I.D. nu. SRC

I 2112 203=-2 PURGF GAZ FLGYU

FI 27112A 203-2 DEVOLATILX ZER BED LEVEL D/P LINE PURGE FiOW XHIEK

FI 2116 273=-2 LTGNITE HOPPERS PURGE FLO¥ IND

I 2117 203-2 LIGVWITE FEED LINES A/%B FLOW IND

FI 2127 203-2 LTIGNITF HOFPEPF A PURGT LINE PLOW IND

Y 2127 203-2 PURGE GAS FLOY TND

FI 2128 203-2 DGLOMTITE FEELZF FIo% INDICA TOR

FI 21282 203-2 PURGE GAS FLOW IND

FI 2137 203-1% DY DUMP HOPPER VFNT PURG GAS FLOW INDICATOR

FI 2138 2C3-1 PORGE GAS B FLOW INPRICATOR

FI 2144 202 C02 DRYER FLOW IND

FI 2147 2c4 -1 RECYCLE FLUF GAS DRYER FLOW IND

FI 2148 204-2 RECYCLF GAS B DRYER REGEN PLOW IND

FI 2149 203-2 GASIFIFR CHAR DSCH D/? LINE PURGE FLOW IND =
FI 2150 203-2 DEVOLATILTZER TEMP FLMT LINE PURGE FLOW IND &
PI 2151 203-2 DEVOLATIL IZEE PRESS XMTR LINE PURGE FLOW IND =
FI 2152 203-2 GASIPIEP FE LINE PUFGE FLOW IND

FI 2153 203-2 GASIFIER TE LINE PURGE FLOW IND

FI 2154 203-2 GASIFIE® PT LINE PURGE FLOW IND

FI 2155 203=-2 DEVOLATILIZEL TYCLONF DSCH D/2 LINZ PURSE Filw IND
FI 2156 203-2 GASIFIEF PT LINE PURGE FLOW I¥D

FY 2157 203-2 DOLONITE LINE D/P TA™ LINTS PURGE FLOW IND

TT 2158 203-1 PUFGE GAS B FLOY INDICATOR

FI 2158A 223=-2 DEVOLATILY ZEP DOLGMITE INLET D/P LINE PURGE FLOW IND
FI 2159 273-2 REGENERATOR D/P LTWE PURGE FLOW TIND

FI 2160 273-2 DOIGKITE 1IMNE TAF LINE PURGE FLOW IND

FI 2161 201=2 DEVOLATILIZER BED LEVEL D/P LIVE PDRGE FLOW IND

PI 2162 203-2 DEVOLATI LI ZEF CHAP DSCH D/P LINF PUEBGE PLOW IND

PI 2163 203-2 SPENT CHAR LINE PUFGE GAS PLOW IND

FPTI 2164 203-2 GALIFIER SPENT DOLOMITE LINE PURGE FLOW IND

FI 2165 203~2 DEVCLATILIZER SPENT CHAR D/P LINE PURGE FLOw INw

FI 2166 203-2 SPENT DOLOMITE LINE PURGE GAS FLOW IND

FI 2167 203-2 GASIFIER LIGNITE LINE PIRGE GAS FLOW JIND

*1 2168 203=-2 GASIFIFR SPENT CHAR LINE PURGE FLOW IWND

I 2169 203-2 SPENT CHAER LINE PURGE GAS FLO¥Y IND

FI 2170 203-2 SPENT CHAF LINE PURGE FLOV IND



2PDE CNOPL CONVPRSION TNSTRUMENTATICN REVIZV FOR THE CO2 ACCEPIOR PROCLSS
IYST RUMENTS AHICH ARE ACCEPTABLFE TVW SCALED UP PLAWIS (CONIINUcD)

DEVICE FLOW SHETT MEASIIFRMENT HAME / COMMENTS
I.D. N9, SRC
I 2171 233-2 GASIFIFR WASTE DOLOMITF LINE PURGE FLOW IND
FI 2172 203-2 SPENT DOLOMITE LIS PURGE FLOW IND
?I 2173 203-2 SPENT DCGLCMITE LINFE PURGE FLCW IND
¥T 2174 203-2 SP¥NT DOLCMITE LINE PURGE GAS FLOW IND
FI 2176 203-2 PROCESS GAS 2 FLCX INDICATOR
vT 2177 203-2 PRODUCT GAS LIVE 2 FLN¥ INDIZATOR
Y 2178 203-2 DRYCLATTIIZFT CLAR DSCH D/7F LIME PUPGE FuuUW IND
FI 2179 2723-2 DEVCLATILIZEF CHAP DSCH D/F LINE FUFGE FLOW IND
T 218% 203-2 DEVOLATILI ZER CHAF DICE D/¢ LINE PURGE FLOUA 4ND
*T 2181 203-2 GASIFIER SPENT CHAr D3CH LINE PURGE FLOY IND
FI 2182 2(:3=-2 SPENT CHAR LINE THRGE GAS PLOd IND
FI 2182 203-2 GASIFIER LIGNITE Y INF PURGE GAS FLOW IND
FI 2188 293-1 PURGE GAS B FLOW INDICATOR
FI 2188A 203-2 DEVOLATILIZER DUMP D/P LINE FLOW TIND
FI 2189 203-2 GASTFTER/REGENERATOR SPENT CHAR LINE PURG:Z FLO# 1ND
FI 2212 203-2 DOLCMTTE CUT HOPPER D/P LINE PUEGE FLOY IRS
T 2213 203-2 GASIFIEE D/P LINF PURGE FIN% INDICATOR
FI 2214 205 ASH CUT HOPPER 4 OUTL PURGE 3AS FLOW IND
FI 2215 205 ASH OUT HOPPER B OUTL PURGE GAS FLOW IND
FI 2216 202 PNRGE BLFED FL IND
FI 2265 205 ASH OUT HOPPEE A/B OUTL INFRI GAS PURGE FLJa LND
FI 2272 05 ASH OUT HOPPER A RELIEF VENI GAS FLO? IND
PI 2273 205 ASH OUT HOPPER B RELIEF VENT GAS FLOW IXD
FI 2274 203-1 REGENERATOR DIFFRRENTIAL LINE PURGE FLCA INDICATOR
FI 2275 293-1 REGENERATOR DIFFERENMTIAL LINE PURGE FLOW INDITATOR
FI 2276 223-1 REGFNTYRATOF DIFFFRENTIAL LINE PURGE FLOW INwiICAIOR
FY 2277 203-1 REGENFEATD F DIFFERENTIAL LINE PURGE FLOW INDICALOR
FI 2278 203-1 REGENERATO F DIFFERENTIAL LINE PURGE FLOY ANDICATIOR
FI 2279 203-1 REGENFRATCO F DIFFERENTIAL LINE PURGE FLOW INDICATOR
FT 2281 203-1 RECYCLE GAS STREAM 2 FLGW INDICATOR
FPT 3018 28 HPC CIRC PUMP DSCH FLOW IND
STD DEVICE
FI 3023 265 RG QUENCH COOLER OUTL FLOW IND
FI 3024 206 GF QUENCHER QUENCH WTR INLT? FLOW IWD
T 2028 207 DV QUENCHER QUENCH WTR INLT FLOW IND

PPOCESS WATERK-NO PROBLEM

Sh-d



SRDA CNAL CONVEI STON INSTRUMENTATION REVIEW FOR THE CO2 ACCExiOu4 PROCLSS

DEVICE
I.D. NO.

FI

FI
FI

FI

FI
FI
FI
T
Fl
FT
FI

3329

3032
3033

3034

3038cC
3039
3040
3041
3042
3043
5031

FIC 2028

FIC
FIC

FIC
FIC

¥R
FR
FR
FR
FR
FR
FR
FR
PR
R
FR
FR
FR

2126
30306

3036
30537

1005
1007
2915
2027
2029
2119
2120
2121
2130
2131
2132
2133
2135

PLOW SHEET

SRC
208

206
207

208

208
202
202
203-1
206
205
204-2
2CR

20u=2
207

266
207

202

202

200-1
204-2
202

203-3
202-3
203-23
203-1
203-1
203-1
203-1
203-1

INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CUNIINULD)

MELSTOREMENT NAME / COMMENIS

HPC ABSORBER QUENCHED FLUF GAS INLET FLOWA IND
STD DEVICE

GF VENTURI QUENCH WThK INLT FLOW IND

DV YENTURI QUENCH WTR INLT FLOW IND
PROCESS WTF~NM0O PROBLEM

502 SCRUBBEER WST #TR IHLT FLOW IND
STD DEVICE

CO02 AFTER COCLFR OUTL FLO¥ IWND

C0Q2 LIGNITE HOFPEP DSCH VLV PURGE FI.OW IND

PRG GAS FLOW IND

RECYCLE FLUE GAS IN-LINE FLOW INDICATOR

QUENCH STETIPPFR BLR FEED WTR INLT FLOW 1IKD

RG QUENCHEEK QUENCH WTh INLT rLOW IND

RFCYCLE GAS 2 FLOW INDICATOR

FIRST STAGE RECYCLE CO2 TMPF FUEL GAS INLT FLOW IND CONT
ST VENDOR PEKG

RECYCLF GAS 2 IND FLOW CORNT

QUENCHFD GAS STRM 2 FLOW IND CONT
FLOWS ARE PRCBABLY STABIE~-NO PROBLEM
G/P CONTROL GENERALLY WELL DESIGNED

QUENCH STRIPPER INLT FLOW IND CONT

DV QUENCH SEPARRATOR WST WTR QUTL FLOW IND CONT
STD DEVICE

K2 FLOW RCDR

INEERT GAS FLO¥ RCDR

RECYCIE GAS CHAF LIFT FLOW RCOR

DY CYCLE COMF DRCH FLO™ DRCDR

QUFNCHED FLUE GAS FLOW RCDER

DV JACKET STEAM GUTIL FLOW HCDR

RGC STEAYM DRUM VENT FLOY RECORDER

¥ JACKET STEAM OUTL FLOV RCDR

SPENT DOLOMITE LINE VALVE PCRGE GAS PLOW KRECOaDER

SPENT DOLOMITE LINE PURGE GAS SUPPLY FLOW xeConvar

RECYCLE FLUE GAS FLOW RECORDER

RECYCLE FLUE GAS TO DOLOMITE LINE FLOW RECORLER

PURGE GAS FOR SPENT DOLOSITE VALVE FLOW RECOHEDEK
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ERDA COAL CONVEl SION INSTRUMFNTRTICN REVIEA POP THE C0O2 ARCCEPIOR 2d40CoS35
INSTRUMENTS WHICH APE ACCEPTABLE TN SCALED UP PLANTS (LONIINULD)

DEVICE FLOW SHEET MEASUREMENT NAME / COMMONIS
I.D. NO. SRC
¥R 3030 207 WASTFE GRS TO FLAFZ FLOW RECT
STL DEVICE
FR 5046 204-1 INFFT GAS START-~UP CHAR LIFT FLOW RCDER
FRC 1006 202 AIR FLOW FECTPPING CONTROLLPRR
FRC 1209 202 PRFHEATER VENTURI VENT FLOR RCDR ST
FEC 2009 2N 3-1 DEVOLRTILIZEFR CO2 SUPPLY FLOW RECORDING CONladiiss
FRC 2004 263-1 CO2 GAS RECORDING FLC®¥ CONTEOL
FRC 2013 204 -1 DOLCMITE LIFT GAS HTR AI® FLOW REC CONT
FRC 2014 204-1 RPCYCLY FLUF GAS FLOW RRC CCONTROL
FRC 2022 204 -1 RRCYCLE FLUF GAS PLOW PEC TONT
FRC 2113 204-1 ALF HEATER INLED RIP FIOW RET CONTROL
TBeC 3213 208 HPC ABSCRSER CAX30NATE SOLUTION INLT FLOWd ReC CONIT
STD DEVICE
FRC 3014 209 REBCILEE STEAM INLT PLOW REC CONT
STD DEVYCE
FSH 2129 203-2 RG STEAM D5UY VIMT FLOW SW HI
F3H 2121 203=2 GP STEAM CONDENSATY FLOW S¥ HI
FS1 1039 291 DPYFR FUEMACE COOL TN VATER SUFPLY FLOW SWiIlcd LOW
TiF 1I¥ TC ALAR™ OR ANMUNCTIATOR NOT SdOWN
FSL 2008 294-1 AIR KEATFF IVLET LOW FLOW Sd
rsL 2099 204 -1 DOLOMITE LIFT HTR LIFT GAS INLT FLOW SV LO
FSL 29216 204-1 CHAF 1IFT HEATER PECYCLE FLUF GAS LO FLO# 35w«
FSL 2122 203-3 DV JACKET WTR FLOW SW LD
FSL 2127 203-3 PG JACKET WATER CIRC PUMP DSCH FLOW SW LO
¥S1L 2124 203-3 GASIFIFKk JACKET WTP CIRC PUMPS DSCH PLOW 3m L0
FSL 3015 206 GF CUFENCHER QUENCH WTR INLT LO FLOW SVW
FSL 3016 2CS RS QUFNCH COOLER OUTL LOW FLO9 SWITCH
FSL 3017 207 DV QUENCHER QUENCH VIR TNLT LO FLOW 5%
NO PROBLEM
FT 1005 202 PRETR FURNACE FUFL GAS FLOW XMTR
FT 1006 202 ATIF FLOW THANSMITTER
FT 1007 202 INERFT GAS FLOW TRANSMITTEK
FT 100° 202 PREFHEATFR VENTURI VENT FLOW XMTR
FT 203G 203-1 DEVOLATILIZTF CO2 SUPPLY FLOW TRANSMITTER
FT 2C04 203-1 C02 GAS FLOW TRANSMITTER

T 2013 204 -1 DOLOMITE LIFT GAS HTR AIR TNLT FLOW XMTR
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DEV
T.D

FT
FT
FT
FT

FT
FT
FT
FT
FT
FT
FT
FT
FT
rT
FT
FT
ja
T

T
FT

FT
KC
KC
KC
KC
KC

fad
L 3

KC

K5V
KSV
KSV
KSV

EYDA COARL CONVER SION INSTRUMENTATION REVIEW FNR THFE C0N2 ACCEP1IQd PiQCos5

ICE
. NO.

2014
2015
2027
2028

2n29
2032
2113
2113
2119
2129
2121C
2126
2130
2131
2132
2133
2135
anoe

3000
3013

5046
2102
2109
2112
2149
21492
21498
2149C
2107
2108
2113
2111

INSTRUMENTE

FLOW SHEET

SRC

204-1
204 -1
204-2
208

202

204-1
204-1
204 -1
203-3
203-3
203-3
200-2
203-1
203-1
203-1
203-1
203-1
207

WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (COWIINUBD)

MEASUREFYEN™ NAME / COMMENTS

RECYCLE FLUE GAS FLOW XHTR

RECYCLE GAS CHAR LIFT FLOW XMTR

DV CYCLE COMP RECYCLE GAS PLOW XNMTR

FIRST STAGE RECYCLE CO2 CHPR FUEL GAS INLI FLUW XMIR
STD VENDOR PKG

QUENCHED FLUE GAS FLOW XMTH

RECYCLE FLUE GAS FLOW XMTR

AIR HEATER ATP INLET FLOW X¥TR

ATR HEATER INLET AIR FLOW XNTR

DV STEAY DRUM VENT FLOX XMTH

RG STEAM DRUM VEKT PLOW XMTP

GF CONDENSATE DRAIN FLOW XIMTR

RECYCLE GAS 2 FLOW XWFR

SPENT DOLOMITE LINE VALVE PURSE GAS FLC+ TRANSMITTER

SPENT DOLCGHITE VALVE PURGE GAS SUPPLY FLOW TRANSMITTER

RECYCLE FLUE GAS IN-LINE FLOW TRANSMITTER

RECYLE FLUE GAS TO DOLGMITE LINFE IWN-LINE FLOWA XMIR

PURGE GRS FCR SPENT DOLOMITE VALVE FLOW TRANSMilPEn

WAETE GAS TO FLARE FLCW XMTR
STD XMTRsS COK

WASTFE GAS TO FLARPE PRFSS CONT VLV BY-PASS5 FuOW AMTL
STD DEVICE

HPC ABSCRBER CAPROYNATE SSLUTION INIT FLOW £MIR
STD DEVICE

INERT GAS START-UP CHAR LIFT FLOW TRANSMITIER

C02 DPYLDR CONTROL TIMER

RECYCLE FLUE GAS TCFYER REGEN TIMER CONT

B GRS TRYER CYCLE TIMING VALVE

DOLOWITE SUPPLY VALVE CZONTROL TIMER

DOLGHITFE SUPPLY VALVE COMNTROGL TIMER

SPENT CHAR LIFT LINE D/P TIMING CONTROL

SPENT DOLOMITE LEVEL CONTROL TIMEK

RECYICLE FLUE GAS DRYER CYCLE TIMER SOL VLV

ESCYCLE FLUE GAS DRYER REGENW TIMING SOL VLV

RECYCLE GAS DRYER CYCLE TIMING VALVE

RECYCLE GAS FILTER/DRYER CYCLE TIMING VLV
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ERUA COAL CCNVER SION
INSTRUMENTS

DEVICE
T.D. NO.

LC
LC
LC
Ic
1C

1.C

icC

LC

LCV
1LCV
Icv
LCV
Icv
LCY
1CV
LCv
ICV
L.Cv
LCV
Lcv
LCV

icy
LCV
LG

2011
2013
2015
3602
3044

3046
3048

1079
16
2000
2001
2002
27024
20C3
2011
2913
2315
30902
3010
3n12
3027

30135
3044
3046
3043
3073

3379
1015

FLOW SHEET

SRC

203-3
203-3
203-3
265
208

208

208
278
206

206
202

INSTRUMENTATION REVIEW FOR THE CO2 ACCEPTOR PROCESS

WHICH ARF ACCEPTABLE 1IN SCALED UP PLANTS (CCFTINUED)

MEASUREMENT NAME / CCMMENIS

DV STFAY DRUM LEVEL CONTROL
RG STEAM DRUM LEVEL CORNT
GF STEAM DRUM LEVEL CONT
RG QUENCHER QUENCH ¥TR LVL CONTROLLER
502 SCEFUBBER LEVEL CONTROLLER

STD DEVICE
FPC ABSORBER LEVEL CONTROILLER

ST PEVICE
C02 KO POT LVL CONTROLLER

STD DEVICE
QUENCH STRIPPFR LEVEL CONTROLLER
PRFHTRE VENTURI LVL CONT V1Y
DOIOMITE DUMP HOPPER LEVEL CONTROL VALVE
DEVOLATILIZER SPENT DOLOMITE DSCH LEVEL CONTROL VALVE
COREL DISCHARGE LINE LEVEL CONPROL VALVE
GASIFIEK SPENT CHAR LEVEL CONTROL VALVE
SPENT DOLOMITE LINE LEVEL CONTROL VALVE
DV STEAY DRUM LEVEL CONT VLV
RG STFAM DRUM LEVEL CONT VLV
GF STEAM DRUM FEEDWATER INLT LEVEL CONT VLV
RG QUENCHER QUENCH WTR LVL CONT VLYV
GF QUEPNCF SEFPARATOR WASTE OIL LVL CONT VLV
GF QUENCH SEPARATOR LVL CONT VLV
DV QUENCH SEPARATOR LVL CONT VLV

STD APPLICATION OK
DV QUENCH SEPARATCR LVL CCNT VLV

STD DEVICE
S02 SCRUBBER LEVEL CONT VLV

STD DEVICE-STD APPLICATION
HPC ABSORBER LEVEL CONT VLV

STD DEVICE
C02 KO POT LVL CONT VLV

STD DEVICE
GF VENTURI LEVEL CONT VLV
QUEXCH STRIPPER LEVEL CONTROL VALVE
FREHEATER VENTURI LVIL GLASS
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ERDA COAL CONVE! STION INSTRUMENTATION REVIEW FOR THE CO2 ACCEPTOR PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONIINUED)

DEVICE FLO? SHERT MEASUREMENT NAHE  COMMENIS
I.n. NO. SRC
L 2019 203-3 PY STEAM DRUM IEVEL GLASS
LG ?912R 203-3 RG STEAM DFUM LEVEL GLASS HIGH
16 20121 202-3 P53 STEAM DRUM LEVEL GLASS 1O
LG 2014 203-3 GF STEAM DRUOM LEVEL GLASS
LG 2032 2011-3 GF CONDENSATE DRAIN LEVEL GLASS
LG 3603 205 RG QUENCHER QUENCH WIR LVL GLASS
LG 3211 206 GF QUFNCH SEPARATOR WASTE OIL LEVEL GLASS
16 2013 206 G¥ OUENCH SEPARATOR LVL GLASS
16 3128 227 DV QUEKCH SEPARATOR LVL GLASST
S5TD DEVICE
LG 3G36 207 DV QUENWCH SEPARATOR LVL GLASS
STD DEVICE
LG 30643 208 502 SCRUBBER LEVEL GL&SS
STD DEVICE
LG 3045 208 HPC ABSOREER LEVEL GLASS
STD DEVICE
LG 3047 208 C02 KO POT LVL GLASS
STD DFVICE
e 3CA0 203 HPC STEIPPER LEVEL GLASS
357D DEVICE
LG 3065 206 SLOP TAXNK LEVIL GLASS
I3 374 208 yeC INHIBITOF FEED SPLY TNK LEVEL GLASS
STD DEVICE
LG 3075 208 ANTI-FO3AM FEEDER SPLY TNX LVL GLASS
STD DEVICE
16 3080 208 QUF¥CH STRIPPER LEVEL GLASS
LG Eg29 205 QIJENCH INHIBITOR FEEDFF LVL GLASS
1HC 2002 203-1 DOLOMITE PCT LEVEL HAND COWNTROL
LI 148 201 LIGNITE SILC LEVEL INDICATOP
LIC 1016 202 PREHEATER VENTOURT LVL IND COMT
LI 27201 2031 DEVOLATILIZEF DNLOMITE PNT LEVEL INDICATING CONINOL
LIC 2002 203-1 SPENT CHAR LINE INDICATING LEVEL CONTEROL
LIC 2003 203-1 GASIFIER SPEET DOLOMITE BED INDICATING LEVLEL CONTROL
Ls 3072 207 DV QUENCH SEPAFATOR LVI SW
STD DEVICE

Ls 3087 205 RG CUENCHER QUENCH WPR LVYL £W
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FRD2 COAY. CONVERSION INSTFUMENTATION REVYEW FOR THE CO2 ACCEPTOR PROCESS
ITYSTRUMENTS WHICK ARE ACCEPTABLE IN SCALED UP PLANTS {CONIINGED)

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENTS
I.D. NO, SRC
LSH 1917 202 PREHEATER VENTURI LVL SW HI
LSH 1019 201 BELT FEEDER PIT SUMP PUMP LEVEL SWITCH HIGH
PROBABLY A STANDARD PACKAGE -~ STARTS PUMP
LSH 2005 205 25 CYCLONE LVL SW HI
LSH 2018 203-3 DV STEA® DRUM LEVEL SWITCH LO
LSH 2021 203-3 GF CONDENSATE DRAIN TANK LEVEL SVW HI
LSH 2023 203-3 RG STEAM DRUM LEVFL SH HIGH
LSF 3008 207 DV QUENCH SEPARATOR HI VL ¥
STD DEVICF
LSH 3051 206 GF QUENCH SEPARATOR HI LVL S¥
LSH 3054 206 GF KO POT HI LVL SW
LSH 3056 207 DY FO POT HI LVL S¥
THIS TYPE OF LEVEL GENERALY OK
LSH 3060 208 RG KO POT HI LVL SW .
STD DEVICE T
ISH 3066 206 SLOP TANK HI IZVEIL S9 e
LSH 3070 208 HPC STEIPPER HI LVL SW
STD DEVICE
ISH 2083 208 CO2 KO POT HI LVL SW
STD DEVICE
LSH 3086B 205 RG QUENCHEK QUENCH ¥TR HI LVL SW
LSL 2019 203-3 DV STEAM DRUM LEVEL SWITCH LO
LSL 2029 203-3 RG STEAM DRUM LEVEL SW LO
LSL 2022 203-3 GF CONDENSATE DRAIN TANK LEVEL S¥ LO
LSTL 2028 203~1 DOLOKITE LEVEL SWITCH LOW
LSL 3052k 206 GF QUENCH SEPARATOR LO LVL SW
STD DEVICE
LSL 30528 207 DV QUENCH SEPAFATOR LO LVL SW
LSL 3971 204 SF QUDNCH SEPAPATOR WASTE OTL LO LVL SW
LSL 3077 208 HPC STRIPPER LO LVL S
STD DEVICE
LSL 3081 206 QUENCH STRIPPER LO LEVEL SW
LSL 3087 207 DV QUENCH SFPAPATOR LO IVL SW
STD DEVICE
L™ 1016 202 PREFERT®R VENTURI LEVEL XMTR

LT 2093A 203-2 GASIFIER LEVEL XMTR



TROA COAL CONVERSION INSTRUMENTATION REVIEYW FOR THE CC2 ACCEPTOs FROLLOSS
TYSTRUOMENTS WHICH RRE ACCEPTABLE IN SCALED OP PLANTS (CONIINUED)

DEVICE FLOW SHEET MEASUREMNENT WAME / COMMENTS
I.D. NO. SRC
PC 3072 206 QUENCH STRIPPCSH WASTE GAS OUTL PRESS CONT
PCVvV 1000 201 DRYFR FURNACE VENT PRESSURE CONTROL VALVgE
INTERLOCKED WITH WILLIAMS MILL DISCHARGE PRESSURE
PCV 1010 202 INERT GAS PRESS CONT VLV
PCV 1012 202 ROOTS ARIR COMPRESSOR DSCH TO VENT HDR PRESS CONI VLV
PCV 1013 201 WILLIAMS MILL INFRT GAS IWLET PRESSURE CONTROL VALVE
PCV 1014 201 DRYER FURNACE FUEL GAS INLET PRESSURE CONTROL VALVE
PCV 10225 201 DRYRE FURNACE PILOT GAS PRESSURE CONTROL VALVE
PCV 1029 20 DRYFR FURNACE PILOT GAS INTERLOCK TQ FUEL GAS PaoE35 CONT VLV
PCYV 1234 202 IMERT GRS PRFSS CONT VLV
PCV 1035 201 DRY LIGNITE FEEDEF INERT GAS INLET PRESSUKS CINITROL VALVE
PCV 1741 201 DRY LIGNITE FEFDER A INERT GAS SUPPLY PRESSJKE CONIROL VALVE
PCV 1046 201 DRYER FURNACE COCLING WALER SUPPLY PRESSJURE CUNIaUL VALVE
PCV 2722 207 QUENCHLED 3AS STRM 2 PRES5 CORNYT VLV
STD CONT VLVS OK
2CV 2036 204-1 ATE SURGE TAN¥ PRESS CONT VLV
2CV 2G37 200 -1 ATR HEATEK STACK PRE3S CONT VLV
pcv 2038 204-1 DOLOMITE LIFT RERTEP STACK PRESS CONT VLV
PCY 2040 204 =1 CHAR LIFT HEATER STACK PRESS CONT VLYV
2CV 23411 204-1 RFCYCLE GAS PRESS CONT VALVE A
POV 23418 204 -1 RECYCLE GAS PRESS CONT VALVE B
PCV 2052 204-2 RECYCLE GAS 2 PRESS CuUNT VLV
PCV 2053 204-2 D¥ CYCLE COMP DSCH PRESS CONT VLYV
BCV 2071 202 QUENCHEED FLUE GAS PRESS CONT VLY
PCV 2071RA 292 QUENCHED FLUE GAS PRESS CONT VLV
PCV 2113 204-1 RECYCLE FLUE GAS PRESS CONT VLV
BCV 2159 202 ALT INEPT GAS SPLY PRESS CONT VLV
2CV 2194 2041 INSTRUMENT AIR HEADER PRESS CONT VLYV
PCV 2205 208 HPC STRIPPER CO2 INLT PRESS CONT VLV
STD DEVICE
PCV 22%¢6 208 H2C STRIPPER CO2 INL7T PRESS CONT VLV
STD DEVICE
PCV 3009 207 WASTE GAS TO FLARE PRESS CONT VLV
STP DEVICE OK
BPCV 30091 207 WASTE GAS TO FLARE PRESS CO¥T VLV A

STD CDEVICE OK
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BRD3d COAL CONVEY STON TYSTRUMENTATION REVIEW FOR THE CO2 ACCEPTOR PROCESS
IMSTEUMENTS SHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINUZD)

DEYICE FLO® SHE2T MEASUREMENT NAME / COMMENTS

I.D. &0, SRC

PCY¥ 3951A 208 CN2 KO POT OUTI VENT PRESS CONT VLV
STD DEVICE

»IV 30518 20% PIRET STAGE RECYCLE C02 COMPRESSOR SJCT PRES> CUNI VLV
STd DEVICE

brv 3063 208 RECYCLE CO2 PREZS:Z CONT VLY
STD DEVICE

PCY 3972 2To QUAFACE STITPPER JASCE GAS OUTL PRESS CONT VLV

PCY 5180 209 FIPST STARCE RECYCLE CO2 CMPT INERT GAS INLT PRESS CONT VLV
SID DEVICE

PHS IDC9 201 ¥ASTE GAS TO PLARE DPRPGSS CONT VLV PRESS daid 354
PS GENERALLY RELIAPLE

PT 122319 201 SECONDARY FAN SUC™INN PRESSURE INDICATOR

PI 16023 2C1 HAIN FAR OISCHARKGE PRESSURE INDICATOR

z Wos 221 LIGNITE CYCIONE VENT GAS PRESSUPE TNDICATOR

21 1005 21 LTGNITE CYCLONE INLET PRESSURE INDICATOR

PI 1005-U 207 % UNLYSTED PRESSURE IND
STh DEVICES

PT 1007 M AIP FA%Y DISCHRAKGE PFESSURF INDICA TOE

PI 10070 20€ 7 URLISTED PPESS IND

STD UNITS-NO CONTROL
BCURDON TURE LINEKED TO POINTER
FI i10d80 203-3 8 UYLISTED PPESSURE INDICATORS
STANDARD UNJTS-NO CONTROL
PCUBRDOKR TUBE LINKED TO POINTER
PY 17100 205 1) UNLISTED PrESS IND
STD UNITS-%O0 CONTROL
BOORLON TURE LINKED TO POINTER
PT 1213 201 WILIIAMS NILL INERT GAS INLED PRESSUPE TNLIJALOK
pY 10130 2C03-2 13 PRESS INDL UNLISTED
STH LEVICES ¥O CONTROL
BOURDON TURE LINKED TO POINTER
PT 10160 2004 -1 1€ ONLISTED PRESS IMD
STD UNITS VERY RELTABLE-NO CONTROCL
BOURDON OF DIAPHFAGY LIKKED TO PCINTLR
PI 10170 202 17 UNLISTED FRESS IND
STANDARD ITEMS YO CONTROL
BOURDON TUBE MECH LINKED TO POINTER
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CEY

ESDA CNAL TONVIt SION I¥SPFUAENTATION BRYTEY FOR THE C02 ACCEPTurR PROCESS

ICeE

I.D. ¥

PI
PI

PI
PI
PI
PI
PT
P
PI
PT
PI
PT
PI
PY
PI
PT
PI
PI
PI
PI
PI
PY
PI
PIC
pYC
PIC
PIC
PIC
FIC

PIC
PR

PR
PR

1018
10194

10290
1023
1123
1050
2003
2004
2005
2G0€
2098
2010
2012
2017
2019
2020
2021
2026
2027
2028
2931
2034
2035
1012
2036
2027
2038
2¢49
3051

3062
2001

2002
2007

INSTRUMENTS

FLOY SHEFRT

SRC

201
208

201

201

201

201

203-1
203-1
2031
203-1
203-1
233-1
203-1
203-1
203-1
203-1
203-1
203-1
203-1
2031
203-1
203-1
2031
202

200-1
2041
204-1
204 -1
202

202

203-1
203-1
203-1

WHICH AFL ACCEPTABL™ IW SCALFED 7JP PLANTS (CONIINJLU)

MEASURSMENT NAME / CCMMENIS

DRYFR FUORNACF TIJE! GAS PRESSURE INDICATOR
19 UNLISTED PEESS IND
STD -DEVICES
SECOND2ARY FAN DISCHARGF PRESSURE INDICATOR
DRYFR FURNACE PILOT GAS PRESSURE INDICATOk
DRYERF FURNACE PURGE AIR PRESSURE IHDICATOR
DRYF® FUFNACFE CCCLING WATER INLFT PRESSURE LNOICATOR
DEVCLATILIZFER RECYCLE GAS SUPPLY PRESSURE INDIC&AIGK
RECYCLE GAS IWLET PRESSURE TNDICATOR
SPEYT DOLOMITE LINE PRESSURE INDICATOR
DEVOCLATILIZER FECYCLE GAS INLET PRESSURE INwICATOR
DUMP HOPPER VENT PRESSURE INLET
DOLOMYITE LIN PPESSURE INDICATOR
DOLCKMITE OUT HOPPER DSCH PRESSUKE INDICATOE
REGENERATOR AIR INLET PRESSURE INDICATOR
SPENT DOLOMITE DSCH LINE PRESSURE INDICATOR
SPENT CHAR DSCH LINE PRESSURS INDICATOR
DOLOMITE SUPPLY PRESSURE INDICATOR
GASIFIER COKE DSCH LINE PRESSURE INDICATOxR
GASIFIER SPENT DOLOMITE LINF PRESSURE INDICAIDR
SPENT CHAR LIFT GAS PRESSURE INDICATOR
DOLOMITE OUT HOPPER RECYCLE 3AS INLET PRESS IND
PURGE GAS B PRESSURE INDICATOR
SPENT DCLOMITE LIFT GAS PRESSURE INDICATOR
ATP VERT IND PRESS CONT
ATR SURGE TANK IND PRESS COMT
ATP HEATER STACK IWD PRESS CONT
DOLOMITE LIFT HEATER STACK 2FESS IND CONT
CHAR LIFT HEATER STACK PRESS IND CONT
FIPST STAGE RECYCIE C0O2 COMPRESSOR SUCT PEE5> IND CUNTROLLEF
STD DEVICE
RECYCLE C02 PRESS IND CONT
STD DEVICE
DEVOLATILIZER PROCESS GAS DSCH PRESSURE RECIRDER
DEVCOLATILIZER DCLCOMITE POT PRESSURE RECORDER
RECYCLE GAS PRESSURE RECORDER
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ERDA COAL CONVE! STONW TNSTFUMENTATION REVI®W FOR THE CO2 ACCEPIOK PROCESS
INSTRUMENTS WHICH ARE ACCEPTAELE 1IN SCALED UP PLANTS (CONIINULED)

DEVICE FLOW SHEETY MTASUREMENT YAME / COMMSNIS
I.D. HO. SRC
PR 2C11 203-1 DOIC*ITE CUT HCPFEPR DSCH PEE3SURE RFPCORDEL
PR 2C18 203-1 DOLCMITE DSCH PRESSURE RECOEDER
PR 2025 203-1 GASIFIER SPENT DOLOMITE POT PRESSURE RFECOKDER
PR 2054 204-2 DV CYCL®E COMP DSCH PRESS PCLCR
PR 2055 204-2 QUENCHED FLUE GAS PRESS RCDR
PR 2064 202 INERT GAS PRESS PRCDR
PR 2065 202 INEET GAS PRESS RCDR
PR 2098 203-1 ENGAGEF POT PRESSURECORDER
PR 2123 203-1 ENGAGER PGT PRESSURE RECORDEF
PR 2224 205 ASH QUT HOPPER A RELIEF VENT GAS PRESS REC
PR 2225 205 ASH OUT HOPPER B RELTEF VENT GAS PRESS REC
PR 3015 209 ABSORBFR CONDFNSER OUTL PRESS REC
STD DEVICE
DP 3020 205 RG CYCLONE FLUE GAS OUTL PRESS REC
PRC 1090 201 WTIILIAMS MILL DSCH PRESSUFRE RECORDING CONTROLLER
PRC 1019 202 INERT GAS PFESS FECORDING CONTFOLLER
PRC 2022 203-1 PROCESS GAS 2 PRESSURE RECORDIXNG CONTROLLER
PRC 2941 204-1 RECYCLE GAS PRESS REC CONT
PRC 2052 204 -2 DV CYCLE COMP L[SCH PRESS REC CONT
PRC 2953 204-2 DV CYCLE COMP DSCH REC PRESS CONT
PRC 2071 202 QUENCHED FUEL GAS PRESS RECORDING CONT
PRC 2113 204 -1 FECYCL™ TFLUE GAS REC CONT
PRC 3000 207 WASTE A4S TO FLAKE PRE53 REC CONT
STD DEVICE
PSH 1021 201 DEYF? FURNACE FUEL GAS INLET PRESSURE SWIICH HIGa
PSH 1032 252 PRHTR FURFACE FUEL GAS HI PRESS SW
PSH 2230 204-2 RECYCLE GAS 2 FILTEFR PRE3S Sd4 HI
NO ARNUNC SHOWW
PSH 2281 204-1 RECYCLE FUEL GAS COMP DSCH PPRESS SW HI
NO TIE TO ANNUNT SHOWN
PSHL 2022 203-1 PRCCESS GAS PRiLSSUFE CONTROLLER HIGH/LOW
pPSL 1322 271 DRYER FURNACE FUEZL SAS INLET PRESSURE SWITCH LOW
PSL 1924 201 AIF FAK DISCHARGE PRESSUPRE SWITCH LOW
PSL 1031 232 PRHETR FUPNACE FUEL GAS LO PE SW
pSL 1056 202 PRCCESS AIFR LO PEESS SW

PSL 2911 202-1 DOLOMITE OUT HOPPER DSCH PRESSURE SWITCH LOW

Go-



ERD2 CCAL TCNVEISTON INSTRUMENTATION REVIEK FOR THE CO2 ACCEPYOR PROCESS
INSTRUMENTS WHICH ARE ACCEPTABIE IN SCALED UP PLANTS (CONIINUED)

DEVICE FLOW SHEZ T MEASUREMENT WAMF / COMMENTS

I.D. WO. SRC

PsSL 2080 202 CnN2 PFESS SW LO

PSL 2105 204-2 QUENCHED FLUE GAS PRESS5 3W LO

PSL 2106 204-2 QUENCHED GAS LINE PRESS SW LO

PSL 2114 204-1 RECYCLF GAS PRESS SW LO

PSL 2143 203-3 DV STEAM DRUM PRESS S# LD

PSL 214y 203-3 GF STEAN DEUM PFESS SW LO

PSL 2165 204-1 MAIN AIR COMPFTSSOR LU"BE CIL PRESS SW LN

PSI 3034 206 QUEKCE STFIPETEF PMPS DISCE HDE LC PRESS S»

PSL 3038 297 DV CUENCH PMPS DISCH HDR LO PRESS SW
f.0.P,

PSL 3968 208 FIRST STAGE RECYCLE C02 COMPRESSOR SUCT LG PkeSS S
STD RAPPLICRTION

PSV 1002 201 WIL1IAMS MILL INERT GAS INLET PRESSURE SAFETY VALVE

PsSvY 1003 201 LIGNITE FINES BTN CONSERVATION VENT PRESSURE SAFETY VALVE

PSVY 10CS 202 AIR COMPRESSOPFP ODSCH PRESS SAF VLV

PSV 1006 202 PRHTR FURNACF PROCESS RAIP IWLT PRESS SAF VLV

PSV 1007 222 INEFT GAS PEESS SAF VLY

PSV 1008 202 ROOTS COMERESSCE INTR-STAGE PRESS SAF VLV

PSV 2004 204 -1 ATR SURGE TANK PRESS SAF VLV )

PSV 2006 204-1 RECYCLE FLUE GAS COMP DSCH A PRESS SAF VLV

osy 2007 204 -1 RECYCLE FLUE GAS DSCH HDR B PRESS SAF VLV

PSV 2308 208-2 DV CYCLE COMP A [LSCH PRES3 SAF VLV

PSV 2009 204-2 RECYCLE GAS 2 DV CYCLE COMP B DSCH PRESS SAF VLV

PSY 2010 20u-2 QUENCHED FLUE GAS COMP A PPESS SAF VLV

PSY 201% 204-2 QUENCHED FLUE GAS COMP B DSCH PRESS SAF VLV

PSV 2013 202 LIGNITE HOPPER PURGE GAS PRESS SAF VLV

PSV 27914 205 RG QUENCHER QUENCHED FLUE GAS OUTL PRESS SFTY VLV

PSSV 2019-2 202 LIGNITE IN HOPPER B VENT GAS PRESSURE SAFETY VALVE

PSV 2020 203-1 WATER JACKET PRESSURE SAFETY VALVE

PSyY 2021 203-1 DOLOMITE OUT HOPPER PRESSURE SAFETY VALVE

PSV 2324 202 PRG LINE PRESS SAF VLV

PSV 2025 204-2 QUENCHED FUEL GAS COMPRESSOR A DSCH PRESS SafF VLV

PSV 2026 204-2 QUENCHED FLUE GAS COMP B DSCH PRESS SAF VLV

PSY 2027 204-2 DV CYCLE COMP A CLG WTR RTRN PRESS SAF VLV

PS¥Y 2028 204~-2 DV CYCLE COMP B CLG WTR RTRN PRESS SAF VLV

PSV 2032 204 -1 MAIN AIR COMPRESSOR CLG WTR RTRN PRESS SAF VLV
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ERDA COAL CCNVERSION INSTRUMENTATION REVIEW FOR THE CO02 ACCEPTOK PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED})

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENIS
T.D. NO), SEC
Psy 2933 204-1 MAIN AIR COMPRESSOR 2ND STA CL5 WTR RTRN PRESS SAF VLV
PSV 2034 204-1 AIP COMPRESSOR DSCHE PEESS SAF VLV
PSY 29135 204 -1 MAIN AYR COMP CLG WTR RTREN PRESS SAF VLV
PSV 2036 204-1 MAIN AIR COMP CLG WTR RTRN PRESS S2AF VLV
PSV 2037 204 -1 RECYCLE FLUE GAS COMP CLG WTR RTRN PRESS SAF VLV
PSSV 20319 260-1 RECYCLE FLUF GAS COMPRESSOR CLG WTR RIRN PRIZS3 SAF VLV
PSVY 2241 203-1 DUMP FOPPFR PUFGF GAS PRESSURE SAFETY VALVE
PS8V 2342 203-1 FLARE IINE PRESSURE SAFETY/FILIRF VALVE
pSY 2743 292 €02 DRYER PRESS SAF VLV
PSY 2044 202 702 AFTEPFILTER PRE33 S5AF VLV
SV 2)45 204 -1 RECYCLE FLUE GAS DRYER PRESS SAF VLV
2SV 2045 204-1 RECYCIF FLUE GAS DRYER PRESS SAF VLV
SV 2047 264 -1 PECYCLE FLUE GAS PRESS SAF VLV
PSSV 2048 204-2 BECYCLF GAS DRYEF PRESS SAF VLV
PSV 2949 204-2 RECYCL ¥ GAS LREYEE PRESS SAF VLV
PSV zdJd58 20 4-2 COOLING WATER RETURW LINE PRESS SAF VLV
FSV 2051 209 ASE OUT HCPPEF A INERT GAS INLET PRESS SFTY VLV
psv 2062 205 ASE ©OUT HOPPFP B INERT GAS INLET PRESS SF1Y VLV
BSv 2053 2C4 -1 ATF HZIATE" INLET DRESS SRFP VLV
TSV 2054 20u-1 CARR LIFT HEATEF RECYCLE FLUE GAS INLT PRESS SAF VLV
PCV 2057 2041 DOLCOMITE LIFT HTR 1IFT GAS TWLT PFRESS SAF VLV
PSY 2060 224 -1 MAIN AIR COMPRESSOR 1ST STA CLG WTR RTRN FRESS SAF VALVE
PSY 2166 204-1 MAIW AT% COMP 1ST STA DSCH PRESS SAF VLV
PSV 2067 204 -1 MAIN AIR COMP 2¥D SfA PRESS SAF VLV
B2sSV 2071 202 C02 DFYER PRESS SAF VLV
PSV 2072 20u-1 RECYCLE GAS DRYER DSCH PRESS SA¥ VLV
PSSV 2371 204-2 KRECYCLF GAS DRYER PRESS SAF VLV
TSV 2075 2041 ATF SUERGE TANK PRESS SAF VLV
PSV 2209 202 PRG LINE PRESS SAF VLV
pPSyY 3001 205 RG QUENCH CLR CLG WTR RETURN PRESS SFTY VLV
PSY 3003 206 GF QUENCH COOLER CLG WIR RET PRESS SFTY VLV
PSV 3005 207 DV QUENCH COOLER CLG WTR RET PRESS SFTY VLV

S.C.P.
PSV 3014 208 ABSORBEER CONDENSFR CLG WTR RET PRESS SFTY VLV

IND STD-FELIEF VIVS ON PRESS VESSELS
FSVY W15 2C8 STRIPPER CINDENSER CLG WIR RET PRESS SFTY VLV

STD APPLICATION

L6-4



ERDA COAL CONVE! SION INSTFUMENTATION REVIEW FOR THE CO2 ACCEPTOR PROCESS
INSTRUMENTS WHICH AFE RCCEPTABLE IN SCALED UP PLANTS (CONIINUED)

CEVICE FPLOW SHEET MEASUREMENT NAME / COMMENIS

I.D. NO. SRC

PSV 3016 208 3RD STAGE RECYCLE CO2 COMPRESSOR DSCH PRESS SFTY VLV
STD APPLICATION

PSV 3017 208 2ND CO2 INTFRCOOLER CLG WTR RET PRESS CONT VLV
STD APPLICRTIOW

PSV 3013 206 GF QUENCHER OUTL P%ESS SFTY VLV

Psv 3019 207 DV QUENCHER QUENCHED GPS CUOTL PRESS SFTY VLV
STD DEVICE~-COMMON PRACTICE

PsSY 3923 208 FIRST STAGE RECYCLE CO2 COMPRESSOR DSCH PRESS SFIY VLV
STD APPLICATION

Psv 3024 208 1ST Cc2 TNIFRCOOL®R CLG WI'R RET PPESS SFIY VLV
STD APPLICATION

PSVY 3025 208 FIRST STAGE RECYCLE C02 COMPRESSOR CLG WiR REI P SFTY VLV
STD APPLICATION

PSV 3Nn26 208 3RC STAGE RECYCLE C02 COMPRESSOR CLG WTR REI PRESS SFTY VLV
STD APPLICATION

PSV 3027 208 2ND STAGE RECYCLE CO2 COMPRFSSOR CLG WTR KET PRESS SFTY VLV
STD APPLICATION

psSv 3028 208 C02 AFTERCCOLEF CLG WTR RET PRESS SFTY VLV
STD APPLICATION

bSV 3829 208 2¥D STAGE EECYCLF 02 COMPRESSOR DSCH PRwS5 SFIY VLV
STD APPLICATION

PSV 303C 208 HPC AESCFPTR QUEWCHED FLUE GAS INLFT PRESS SFJY VLV
STD DEVICFE

PSY 3021 208 4PC BRRSOREFR QUENCHED FLUE GAS OUTL PRESS SFIY V.V
STL DEVICE

PSSV 3032 208 HPC STFIPPER C02 OUTL PRESS SFTY VLV
STD APPLICATION

BSV 3233 2C7 DV QUENCHER PROCESS GAS STR™ 1 INLT PRESS SFIL VLV
STD APPLICATIOW

BSV 5034 206 QUE¥CE STFIPPEP WASTE GAS OUTL PRESS SFTI VLV

PSY 5958 205 INHIBITOR INJ PMP B DSCH PEESS SPTY VLV

PSV 5059 205 INHIBITOE INJ PMP C DSCH PRESS SFTY VLV

PSY 596C 205 INPIBITOE INJ PMP C DSCH PRESS SFTY VLV

PSSV 5066 205 INHIBITOF IN3 PMP A DSCH SFTY VLV

PSV 5068 205 INHIBITOF INJ PMP B DSCH PRESS SFTY VLV

PT 120C 201 WIILIAFS MILL DSCH PRESSJUFE TRANSMITTER
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BFDA CNAL CONUEI STON IFSTRUMENTATION REVIEW FOR THE CO02 ACCEPIOR PROCESS
TUSTRUYINTS WHICRH ARE ACCEPTABLE IN SCALED UF PLARTS (CONTINUED)

DEVICE F10W SHTFT MPASUREMENT NAME / COMMENIS
I.t. NO. SEC
PT 1010 2)2 QUEXCHED FLUE GAS PRESS XMIR
PT 1212 202 AIR PPESS XMTR
PT 1027 202 QUESCHED FLUE GAS PRESS XMT?
PT 2091 223-1 DEVOLATILIZFR PRNCESS GAS PRESSURE TRANSHMITIEKR
P? 2002% 263-2 REGENEFATOR/DEVOLATILIZER D/P LIXE PRESS XMIR
T 2011 203-1 DOLOMITF QUT HCPPER DSCH PRESSURE TRANSMITTER
PT 2CG22 293-1 PRCCESS GAS 2 PRESSTRE TPANSVITTER
PT 2036 204 -1 ATF SUFGE TANK PRESS XMIR
PT 2041 2041 RECYCLE GAS PEESS XNMTR
pT 2052 200-2 RECYCLE GAS 2 PKESS XMTR
P 2053 208-2 DV CYCLE COMP DSCH PRESS XMTR
PT <(5U 2Ju4-2 QUENCHED FLUF GAS LINE PRESS XNTR
PT 235% 200-2 QUENCHED FLUE GAS PPESS
PT 2064 2)2 INEPT GAS PRESSURZ XMTR
PT 2965 202 PUFGE GAS PRE3S XMWIR
o 2071 202 QUEVCHED FUEL GAS PRESS XMTR
PT 2C9% 203-1 ENGAGER POT PRESSURE TRANSMITTER
PT 27934 2)3-2 SPFNT CHAR LINEF D/P LINE PRESSUHE XMTR
pr 2113 224-1 RECYCLE GAS CHAR LIFT PRE3S XM¥TR
2T 2123 203-1 EXGAGFP POT PRESSURE TRAWSMITTER
°T 22284 215 ASH OUT HOPPER A PELIEF VENT GAS PRESS XMTR
BT 2225 235 ASH OUT HOPPER B RELIEF VERT G5AS PRESS XMTIR
PT 3G79 2C7 WASTE GAS TC FLARE PRESS XWNTR
STD DEVICE
PT 3728 205 RG CYCLCNE FLUF GAS OUTL PRESS XMTR
PT 3IU46 278 ABSOREFF CONDENSER DUTL PRESS XMTR
STD DEVICE
PT 3051 208 FIRST STAGE RKFCYCLE Cn2 COMPRESSOR SUCT PEESS XMIR
STD DEVICE
PT 3063 223 PECYCLE COZ PRESS XMTR
STD DEVICE
Ry 1223 202 INEFT GAS FESTRICTION ORIFICE
R0 1239 202 INFET GAS RESTRICTION ORIFICE
RO 1035 201 LIGNITE CYCLONE JUTLET INERT GAS SUPPLY RESIRICTIION ORIFICE
RG 103€ 2G1 LIGNITF CYCLCONE INLET INERT GAS SUPPLY RESTRICTION ORIPICE

RO 2184 204 -1 RECYCLE FLTE GAS DRYER RESTRICTION ORIFICE
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BRDA CNAL CCWEYISION INSTRUMENTATION REVIEW FOR THE C0O2 ACCEPTOR PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLF IN SCALED UP PLANTS (CONTINUED)

DEVICE FLOW SHEI T MEASUREMENT NAME / COMMENIS

I.D. NO. SRC

RO 2195 224-2 RECYCLE GAS DRYER REGEN RESTRICTION ORIFICE

RO 2186 202 02 DFYER RSTRTN ORIF

RO 2190 204 -1 ATR HEATER COMBUSTION FLEMENT SPARGE RESTRICTION OkKIF

RO 2191 204-1 DOLOMITE LIFT HFATER TOMBUSTION ELMT SPARGE REST ORIF

PO 2192 204 -1 CHAR LIFT HKEATER COMB ELMT SPARGE AIR RESITRICLION ORIFICE

RO 2193 204 -1 ATR HEATER INLET INERT GAS RESTRICTION ORIFICE

RO 2217 203-1 DNLOFMITE RECYCLE FLUE GAS INLET RESTRICTION ORIFICE

RO 2218 203-1 DRVCLATILYIZER RECYCLE GAS DSCH VYLV PURGE GAS RZSTRICTION ORF

RO 2219 293-1 WASTE DOLOMITE INLT VLV PURGE GAS RESTRICIION QORIFICE

RO 2220 2031 SIIMP HOPPER WASTE DOLOMITE INLT VLV PURGE RESIRICTION ORIF

EO 2221 293-1 SPFNT DOLONMITFE LIN ViV PURGE GAS RESTRICTIION 2RIFICE

%0 2222 203-1 SPENT DOLOMITE DSCH VALVE PURGE RESTRICTION QAIFICE

FO 2224 203-1 CHAF DSCH CV PURGE GAS RESTRICTION ORIFICE

PO 2226 203-1 PURGE GAS B RESTRICTION ORIFICE

RO 2227 203-1 PURGE GAS B RESTRICTION ORIFICE

20 2231 203-1 DEVOLATILIZER HEATER PURGE GAS LUPPLY RESTRICIION ORIFICE

RO 2232 203-1 DEVOLATIXIIZEP HEATZR PURGE GAS SUPPLY RESIRICTIION ORIFICE

RO 2234 203-1 GASIFIER RECYCLE GAS 2 INTET RESTRTCTION ORLFICE

RO 2235 2031 GASIFIER BRECYCLE GAS 2 INLET RESTRICTION ORIFICE

RO 2261 203-1 RECYCLE GAS BY-PASS LINE RESTRICTION ORIFiCE

FO 2262 203-1 PURGE GAS B RESTRICTION ORIFICE

BEQ 2263 203-1 SPENT LOIOMITE CV PURGE GAS RESTRICTION OK1FICE

FO 2266 203-1 RECYCLE GAS WASTE DOLOMITE VALVE PURGE RESTZICTION ORIFICE

RO 2282 208 BSH OUT HOPPER 4 TNLT CV GAS PURGE PESTRICTIVE QAIFICE

RO 2232 - 295 ASH OUT HCEPER B INLT CV GAS PURGE RESTRICTIVE ORIFICE

RO 3020 207 LV QUENCH SEPAPATOSR BLR FFED WTR INLT RESIRICTIVE QRIFICE
STh DEVICE

kRO 3C21 206 GF QUENCH SEPAERATOR PLR FEED WTE IVWLT PESInICIIVE ORIFICE

RO 5034 204+2 QUENCHFD FLUE GAS COMP A CLG WTP RTRN RESTRICIION ORIFICE

RO 5C35 204 -2 QUENCHED FLUF GAS COMP B CLG WTR ®TRWN RESTALCTION ORIFICE

RO 5036 204-1 QUENCHED FLUE GAS COOLING WATER RTRN RESTRICTION GRIFICE

RO 50137 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 2048-2 DV CYCLE COMP B CLG WI'R RTRN RESTRICTION ORIFICE

RO 5047 ‘201 DOTOMITE SILG A PLANT AIR SUPPLY RFSTRICIION ORIFICE

B0 5048 20 DOLOMITE SILO B PLAWT ATR SUPPLY PESTRICIION JRIFICE
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ERDA COAL CONVEt STON INSTRUMENTATICN REVIEY FOR THE CO2 ACCEPTOR PROCESS
INSTRUMENTS WHICH APE ACCEPTABLE IX SCALED UP PLANTS (COWIINUED)

DEVICE FLOW SHEET MEASUREMENT NAME / COMMEWTS
I.D. NO. SRC
SCV 1059 201 3AG HOUSE COCLING WATER SUPPLY SOLEWNOID VALVE
SI 205t 202 LIGNITE HOPPER A FEEDER MCTOR SPEED INDICATOR
ST 2055 202 LIGNITE HOPPER B FEEDER MOTOR SPEED INDICATOR
SI 2956 203-1 DOLOMITE HOPPER ROTARY VALVE MOTOR SPLED INDICATOR
TCV 1002 201 DRYFR FURNACE TEMPERATURE CONTROL VALVE
TCV 1010 202 PRHTR FUNACE FUEL GAS TEMP CONT VLV
TCV 2030 203-1 GASIFIFR DOLOMITE SUPPLY TZMPZRATURE CONTROL VALVE
TCV 2047 204 -1 ATP HEATER TEMP CONT VLV
TCV 20590 204-1 DOLOMITE LI¥FT GAS TEMP CONT VLV
TCV 2054 204-1 HOT CHAR LIFT GAS TEMP CONT VLV
TCVY 2073 203-3 DV STEAM DRUM TEMP COWND VLV
TCV 2074 203-3 RG STEAM DRUM COND TEMP COWT VALVE
TCV 2075 203-3 GASIFIER JACKET WATER TEMP CONT VALVE
TCV 3012 207 DV QUENCHER PROCESS GAS STRM 1 INLT TEMPY CONT VLV
STD STATE CF ART OX
TE 1002 201 DRYER FURNACE OUTLET TEMPERATURE ELEMENT
TE 10906 201 MILL SEPARATOR OUTLET TEMPERATURE ELEMENT
TE 1007 201 MILL SEPARATOR OUTLET TEMPERATURE ELEMENT
TE 1C08 201 LIGNITE CYCLONE IKLET TEMPERATURE ELEMENT
TE 1009 201 LIGNITE CYCLONE VENT GAS TEMPERATORE FLEMENT
TE 1610 202 WASTE LIGNITE wE¥P ELMT
TE 1C12 202 LIGEITF PRHTR TENMP ELMT
TE 1013 202 LIGNITE ERHTR TZMP ELMT
TE 1014 202 LIGKITE PRHTEFR TEMP ELMT
TE 1015 202 PRHTR FURNACE INERT G&S TEMP ELMT
TE 1020 202 WASTE LIGNITE TEWMP ELMT
TE 1023 2C1 INERT GAS INLET TEMPERATUR® ELEMENT
To TR 1001
TE 1324 201 INFRT GAS INLET TEMPERATURE ELLMENT
TO TR 1001
TE 1025 201 INERPT GAS INLET TEMPERATURE ELEMENT
TO TR 16O
TE 1026 201 INERT GAS INLET TEMPERATURE ELEMERNT
TO TR 1001
TE 1927 201 INERT GAS INLET TEMPERATURE ELEMENT

TO TR 1001
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ERDA COAL CONVEISTION TINSTRUMENTATION REVIEW FOR THE C02 AZCE2TOR PROLCLSS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINULD)

DEYICE FLOW 3HEI T MEASUREMENT NAM® / COMMENTS
I.0,. WO, SBC
mE 1028 201 INEPT GAS INLET TEMPERATURE ELEMENT
TO TR 1001
TE 1029 201 SECONDARY FAN SUCTIOW TEMPERATURE ELEMENT
TE 2091A 203~1 DEVOLATILIZFR VAPOR SPACE TEMPERATURE ELGMENT
TR 2000-8
TF 20018 203-1 DEVOLATILIZER VAPOR SPACE TEMPERATUPRY ELoMENT
TR 2000~-12
TR 2002 203-1 DEVOIRSTLIZER VALTOR SPACE TOMDPRAATUFE ELEAENTD
TP 2000-7
TE 2003 203-1 DEVOL2ATIIIZEE VAPOR SPACE TEMPERATUFREL
TE 20C0-6 :
TE 2004 203-1 DEVOLATILIZER FLUID BED TEMPERATURE EL EMENT
TR 2000-9
TE 20605 203-1 DFVCLATILI »FR FLUID BED TEMPERATURE ELEMENT
mR 200613 7
TE 2006 202-1 DE.OLATI:I%ER FLUID RED TEMPERATURE ELEMENT =
TP JL05~10
TE 2007 203-1 DEVOLL ™ . T ZER FLUID BED TEMPERATURE ELEMENY
e 2oul-14
TFE 2008 2C3-1 DEVOLATILIZER PECYCLE GAS SUPPLY TEMPERATURE ELEMENT
TR 2000-16
TE 2009 203-1 DEVOLATILIZER SPENT DOLOMITE POT TEWPERATURL ELEMENT
TR 2000-11
TE 2010 203-1 RECYCLF GAS TEMPERATURE ELEMENT
TR 2000-5
TE 2012 203-1 GASIFIER CHAR DSCH LINE TEMPERATORE ELEMSNT
mE 2013 203-1 DOLOMITE LIFT GAS TEMPERATURE ELEMENT
TE 2016-8
+E 2026 20 3-1 KEGENERATOR AIP INLET TEMPERATURE ELRMEMI
TE 2027 203-1 SPENT DOLCHITE LYINEF TEMPERATURE FLEMFNT
TE 2028 203-1 SPENT CHAF LINE TEMPERATURE RECORDEF
TR 2016=5
TE 20321 203-1 GASIFIER VAPOR SPACE TEMPERATURE ELEMENT
TE 2033 203-1 GASIFIER VAPOR SPACE TEMPERATURE PI“MENT
TR 20G0-7

m® 2335 20 3-1 GASIFIER FLUID BED TEMPERATURE ELEMENT



ERDA COAL CONVERSION INSTRUMENTATION REVIEW FOR THE C02 ACCEPIO8 PROCeSS
INSTRUMENTS WHICP ARF ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE FLOY SHEST MEASUREMENT NAME / COMMENIS

I.D. NO. SRC

TE 206137 203-1 GASIFIEP FLUID BFD TEMPFRATHRE ELEMENT

TE 2939 203-1 GASIFIER FOT TEMPERATIRE ELEIMENT

TE 2040 203-1 RECYCLE GAS STREAM 2 TEWPERATURE ELEMEY¥T
Tk 2600-1

TE 2041 203-1 SPENT CHAR LIFT GAS TEMPERATURE ELEMENT
TR 2016-4

TE 2047 204 -1 AIR HEATER TEMPERATURE ELEMENT

TE 2050 204-1 DOLOMITE ILIFT HTR TEMP ELMT

TE 2054 204 -1 HOT CHAR LIFT GAS TEMP EBILYT

TE 2070 202 LIGYITE HOPPERS INLT TEMP ELMT

TE 2071 203-1 WASTE DOLOMITE STORAGE HOPPER SKIN TFMPERATURE ELEMENT

TE 2C73 203-3 DV STEAM DEUF COWYD DSCH TxEMP ELMT

TE 2074 2C3-3 HG JACKET WATER COND TEMP ELMT

TR 2075 2C¢3-3 GASTFIEP JACKET WATEF RETURN TEMP ELWMT

TE 2079 203-1 DEVOLATILIZER SPENT DOLOMITE POT TEMPEPATURE LLEMENT
TR 20060-15 .

TE 2108 205 B3 CYCIONE INLT TEMP ELEKTNT

TE 2115 204-1 AIF HEATER INLFT TEMP ELMT

TE 2118 204-1 BOT CHAR LIFT GAS TEMP ELNT
UNLISTED - TI 2001

TE 2130 204-1 DOLOMITE LIFT HP?F RECYCLE FLUE GAS DSCH TEMP ELMT

TE 2137 203-1 FLUF GAS HEAT TRACE TEMPERATURE ELEMENT

TF 2138 223-1 PIPE JACKET WRTIZF TEMPERATURE ELEMERT

TE 216C 203-1 WASTE DOLOMITE STCRAGE HOPPER TEMPERATURE ELEMENT
FIRST OF SIX ELEMENTS POINT SELECT OR AVG AKE STANDARD

TE 2161 203-1 WASTE DOLQOMITE STCRAGE HOPPER TEMPERATURE ELLEMENT
SEF TF 2160

TE 2162 203-1 WASTE DOLOMITE STORRGF HOGFPFER TEMPERATURE ELEMZNT
SEE TE 2160

TE 2160 203-1 WASTE DOLOMITE STORAGE HOPPER TEMPEFATURE ELEMENT
SEE TE 2160

TE 2165 203-1 WASTE DOLOMITE STORAGE HOPPER TEMPERATURZ ELESENT
SEE TF 2169

TE 2166 204-1 AITR HFATER STACK TEMP ELMT

TE 2167 204 -1 ATE HEATER INLT TEMP ELMT

TE 2168 204-1 DOLOKITE LIFT HTR STACK TEMP ELMT
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ERDA COAL CONVE! SION TNSTRUMENTATICON KEVIEW FOF THE CO2 ACCEPIOH PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINULD)

DEVICE FLOW SHEET MEASUREMENT NAME , COMMENIS
I.D. NO. SRC
TE 2169 204-1 DOLOMITE 1IFT HTR LIFT GAS DSCH TEMP ELMT
TE 2170 204 -1 CHAR LIFT HERTER STACK TEMP ELMT
T® 2171 204-1 CHAR LIFT HEATER HOT GAS OUTL TEMP ELMT
IN HEATEk
TE 2201 207 PROCESS GAS STRM 1 CLG JACKET WTR RET TEMP ELEN
TE%P STDS WELL DOCUMEWTED
TE 2202 203-1 PROCESS GAS 2 HEAT TRACE TEMPERATURE ELEMENT
TR 2016~-2
TE 2212 203-1 DUMP HOPPER TEMPERATURE ELEMENT
TE 2215 202 LIGNITE HOPPER DSCH TEMP ELMT
TE 2216 202 LIGNITE FDR B DSCH TEMP ELMT
TE 2217 203-1 FLUE GAS TEMPERATURE ELEMENT
TR 2016-6
TE 2218 203-1 PROCESS GAS 2 HEAT TRACE TEMPERATURE ELEMENT
TE 2220 203-1 PROCESS GAS 2 HEAT TPACE TEMPERATURE ELEMENT
TR 2016-1
TE 2278 204-1 HOT CHAR LIFT GAS TEMP ELHMT
TE 2279 20419 ATIRE HEATER TEMPERATURE ELEMENT
TE 2280 204 -1 DOLOMITE LIPT HTR LIFT GAS INLT TEMP ELMT
TE 2286 203-1 ENGAGER POT SPENT DOLOMITE INLET TEMPERATURE ELEMENT
TE 2287C 203-1 REGENERATCR AIR TEMPERATURE ELEMEXT (RCTAKY VALVE PURGE)
TE 2288 203-1 SPENT DOLOMITE DISCHARG TEMPERATURE ELEMENT
TR 2289 203-1 REGENERATOR SPEXNT DOLOMITF LINE TEMPERATURF ELEMENT
TE 2290 203-1 SPENT DOLCMITE TEMPERATURE ELEMENT
TE 2291 203-1 REGENERATOR BOTTOM SKIN TEMPERATURE INDICATOR
TE 2309 203-1 GASIFIER SPENT DOLOMITE BED TEMPERATURE ELEMENT
TR 2000-3
TE 2310C 203-1 CV CYCILONE DOLCMITE TEMPEPATURE ELEMERT
TE 2311C 203-1 PV CYCLONE DOLOMITE TEMPERATURE ELEMENT
TE 2312C 203-1 DV CYCLONE DOLOMITE TEMPEPATUORE ELEMENT
TE 2313 2G3-1 DV CYCLONE DOLCMITE TEMPERARTURE ELEMENT
TE 2314 203-1 GASIPIER JACKET TEMPERATURE ELEMENT
TE 2315 203-1 DV CYCLONE VAPOR SPACE TEMPERATURF ELEMENT
TE 2318 203=-1 DOLOMITE VALVE TEMPERATUFRF ELEMENT
TE 2319 203-1 GASIFIER FLUID BED TEMPERATURE ELEMENT

TE 3001 205 BG QUENCHER QUENCHED FLUE G&S OUTL TEMP EL&iH
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ERDA COAL CONVEISION INSTRUMENTATION REVIEW FOR THE CO2 ACCEPTOE PROCESS
INSTRUMENTS WHICE APRPE ACCEPTAFRLF IN SCALED UP PLANTS (CONTINUED)

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENIS
I.Dh. WO, SEC
TF 3046 206 GF QUENCHER OUTL TEMP FLEM
~E 3009 207 DV QUENCHEF QUENCHED GRS OUTL TEMP ELEM
STD DEVICE
TE 3047 207 DV QUEKCHER PROCESS GAS STRM 1 INLT TEMP ELEM
STD DFVICE
TF 3061 208 ABSOEBER CCNDENSER OUTL TEMP ELEM
STD DEVICES SHOWILD SCALE OP
TE 3694 208 HEC STRTEPER CARBONATE SOLUTION OQOUTL TEMP ELENM
SID DEVICE
TE 3114 205 RG QUENCH PMPS SUCTION HDR TEMP ELFMENT
TE 3115 206 GF QUEKCH PHPS SUCT HDR TEMP ELEM
TE 3116 207 DV QUEVCH SEPABATOR QUINCH WTR OUTL TEMP ELcH
STD DEVICE
THC 2014 203-1 DEVOLATILIZFR SOLENOID VALVE MANUAL TEMP CONT=OL o
MZY HAVE BEEN FURNISHED FOR A DEVICE NOT CONTROLLED -
THC 2030 263-1 DOLOMITE SUPPLY VALVE MANUAL TEMPERATURE CONTROL W
TI 10030 203-3 3 UNLISTED TEMPERATORE INDICATORS
TT 1C000 205 4 UNLISTED TEWP IND

STD UNITS-NO CONTROL
. TC/BI-METALLIC
TI 1004V 206 4 UNLISTED TEMP IND
STD UNITS-NO CONTROL
APPEARS AS BI-VETALLIC

TI 1005-0 207 5 UNLISTED TEMF IND
ST DEVICE
TI 1068Y 202 8 UNLISTED TENMP IND

INDICATORS READILY AVALIABLE NO CONTROL

VAPD? FILLED,TC,OR BI-WETALLIC DEPEND1ING ON PREFERENCE
TT 10110 204-2 11 UNLISTED TEMP IND

STD DN ITS-NO TONTROL

COULD BE BI-METATLIC NR HG FILLED

TI 10170 208 17 UNLTISTED TEMPIYD
STD DEVICES
TI 10250 204-1 25 UNLISTED TEWP IND

READILY AVAILABLE-QUITE RELIABLE-NG CONTROL
MISC/VAPOR FILLED/TC/BI-METALLIC?



ERDA

DEVICE

I- D-

NO.

TI 2001
TI 2142
TI 2743
TI 2210

TISH

TISH
TIsH
TISH
TISH
TISH
TISH
TISH
TISH
TISH

1002

1021
2071
2166
2167
2168
2169
2170
2171
2177

T 101¢
™ 10292
™™ 2047
™" 20590
" 2054
™™ 2073
™ 2074
™ 2075
TR 1001

TR 1001-2
TR 2000-2

TR 2C00-3

TR 2016

TR 2016-2

COAT, CONVERSTOY IVSTPUMENTATION REVIEW FOR THE CO2 ACCEPIOR PKOCESS

INSTRUMENTS

FLOW SHEET

SRC

203-1
203-1
203-1
203-1
201

202

203-1
20u-1
204 -1
204-1
204-1
204-1
204 -1
204-1
202

202

204-1
204-1
204-1
203-3
203-3
203-3
201

202
202

203-1

"t
2
-~

[
[
[N

WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONIINGED)

MEASUREMENT NAME / COMMENIS

WASTE DOLOKITE HCPPERK TEMPERATURE INDICATOR
FLUE GAS HEAT TRACE FLUID TEMP IND
PIPE JACKET WATER TEMPERATURE
PROCESS GAS 2 HEART TRACE TEMPERATURE INDICATOR
DRYER FURNACE OUTLET TEMPERATURF® INDICATING SWITCH HIGH
AL ARM CONNECTIONM WOT SHOWN
PRETR FUFNACE INERT GAS OUTL TEMP IND SW HI
WAST™E DOLOMITE STORAGE HOPPER SKIN TEMP IND SWRITCH HIGH
AIR HERTER STACK TEMP ITND SW HI
ATR HEAT®R INLT TEWP IND SW HI
DOLCMITE LIFT HT® 3STACK IND TEHP SW HI
DOLOHITE LIFT GAS HTR RECYCLE FLUE GAS DSCi TENP IND SW HI
CHAR LIPT HFATER TEMP IND SW HI
40T CHAF LIFT GAS TEMP IND SW HI
MAIN AIR COMPRESSOR CLG WTR RTRN IND TEYP Sd dl
WASTE LIGNITE TENP CONVERTOR
WASTE LIGNITE TEMP XDIR
AIR HEXTER TEMP ZTGNAL CONVERTER
DOLOMITE LIPT HTR TEMP CNVRTR
HOT CHAR LIFT GAS TEMP CVTP
DV STEAM DRUM COND ISCH TERP CVTR
RG JACKET WATER COND MANUAL SET POINT TEMP CONT
GASIFIER JACKET WATER TSNP S/CVTR
LOCAL PAREL MOUNTED TEMPERATURE RECORDER HULTI-POLNT
13 PCINTS THIS DHG
4 PT TEEKPFPATUFE RECORDEF
1 PT ON NULTI-PT TEMP RCDR
TEMP PCDRS GENERALLY RELIABLE
MOSSIBLY RTD OR TC
25 MISC TENMP PCINTS RCDR
READILY AVAILABLE AND RELIABLE
TC OF VAPOF FILLED DEPENDING ON TEMP HaNGE
PROCESS GLS STE® 1 CL5G JACKET WTR RET TESP aEC
STD DEVICE
2 PT ON RULTI-FOINT T2WMP REC
TENF RECORDERS ARE RELIABLE
CAN 3E TC QP RTD

99-4



ERDA COAL CONW ERSION INSYRUMENTATION NEBVIZ® PO® THE CO2 ACCEPTO& PROCLSS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALEBD UP PLANTS (CONTINUEWD)

DEVICE FLOW SHRET MEASURERPNT WAME / CORNENTS
I.nh. NO. SRC
TR 2014-3 203-1 TEPPERATORE R2CORDER % POINTS

FEW PROSLEMS WITH TENMP RCDRS
POSSIBLY TC OR RBTD

TR 2082 203-3 DREVCLATILIZER JACKET WATEP VAPOR DSCH TESE BOOR
TR 2083 203-13 RG JACKET WATER VAOPIF OQUTL TEMNP® RCDR
TR 2084 203-% GASIPIER JACKET WATER VAPOR OUTLET TERP 2iC
TR 2284 204 -9 A2T CHAR LIPT GAS TP8P RUDR

3 J2EVICES
TR 22947 204-1 DOLONITE LIFT HTR RECYCLE PLIE mas INLT [EA? dClLa
TR 22848 204 -1 AIR HTR OOTL TEW® RCDR
TR 3000-1 207 3 ONLISTPD TENP RCDR POINTS

STD DEVICE

TE 3000,3047 £ VYA, TS ARE NOT LISEeD-H
T% 3090-B 2% 1 PrINY NISC TEN? 703

STH DEVILTD - 4 oouTEnl
TR 392G-3 223-1 S POINT 1292 RIDF

PRESERT ICORS RUSIZL AYE SOLIAGLE

TC OR VAPOP PFILLED RILATED TO TEAP RANue
TR 3000-9 205 QUEKCE NTE RTRK TEWP RCOE PT ON NILTI-PT

STD USIT VERY RFLIABL2

POSSIBLY TC OR RTD

TRC 1000 201 MTLL SEPARATOER TEMOBA\TURE RECOHYDTNS COBTROLLER
TRC 1010 202 UASTE LIGNITE TEMP FECOPPING COXT

TRC 2047 200 -1 AI® HEATEP TEMP REC (N7

TRC 2950 204-1 DOLONI TP LIPT GAS 4T% R7C TENP CNwT

TRC 2054 264-1 407 CHAR LIFT GAS ~L¥P RBEC <ONT

TRC 2073 202-3 DY STFAN DPUN PEC THR¢ {CNT

TRC 2074 203-3 ARG JACKET RATER VAPOR TAEDENSATE 7Tu¢ ABL CONT
TRC 2975 203-3 GASIPIER JACKET WATSP PEEIRN TENF REC CONT

TSH 1000 201 NILL SPPARATOR TEMPERATUPR® SNITCH HISH

TSH 1002 271 DRYER FUSNACE NUTLET TEYPZRATURE SITTICH dlGid
TSH 1005 201 SECONDAR: FAN SUITTON TZNOERATURE SUITCH HieH
TSH 1009 201 LIGNITE CYCLONE V2NT GAS TEMPERAPORE SKIICH dlcd
TSH 1019 202 WASTE LIGNITE TENP S¥ HI

™SH 1715 202 PRETR FURNACE INEST GAS OUTL TEWP S¥ H1

OF TR 1001V TO XA-179N=D
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ERDA COAL CONVEI SION INSTRUMEKNTATION REVIEW¥ POR THE CN2 ACCEZION PaVCESS
INSTRUMENTS WHICH AEKE ACCEFTABLE IN SCALED UP PLANTS (COBTINUED)

DEVICE FLOW SHEET MEASYPEMENT NAME / COMMCENIS

I.b. NO. SRC

TSH 2027 203~-1 SPENT DOLOMITZ DSCH TEMPERATURE SWITCH HIGH

TSH 2047 204-1 AIR HEATER TEMPERATURE SW HI

Tsd 2050 204 -1 DOLOMITE LIFT GAS TENP SW HI

TSH 2054 204-1 HOT CHAP LIFT GAS TEMP SW HI

TSH 2094 2048-2 QUERCHED FLUE GAS COMP A TEHNP SW HI

TSH 2198 204-2 QUFNCHED FLUFE GAS COMP 0% LSCH TENP S¥4 LO

TSH 2192 204-2 DV CYCLE COMP A SUCTION TEWMD S¥ HI

TSH 21906 204-2 DV CICLE COMP B SUCPION TENP S¥ HI

TSH 2108 205 RG CYCLONE INLET TEMP S@? HI

TSH 2133 2064-1 RECYCLE FLUE GAS COMP DSCH A TEMP S3 HI

TSH 2136 204 -1 RECYCLE FLUE GAS COMP DSCH HDR B TEMP SW dI

TSH 2137 203-1 FLUE GAS TEMPERATURE SWITCH HIGH

TSH 2138 203-1 PIPE JACKET WATER TEMPERATURE SWITCH HIGH

TSH 2173 204-1 MAIN AIR COMP 1ST STA AFPTERCOOLER INLT ToMP? Sd HA

TSH 2174 204-1 MAIN AIR COMP SECOND STAGE TEMP SW HI

TSH 2175 204-1 AIR COMPRESSOR 3IRD STAGE CLG WTR TEMP SW HI

TSH 2221 207 PROCESS GAS STRM 1 CLG JACKET WATR RET HI TgdP S5d
STD DEVICES-RELATIVELY STABLE

TSH 2202 203-1 PROCESS GAS 2 HEAT TRACE TEMPERATURE 3 WITCH dIGH

TSH 2203 204-2 QUENCHED FLUE GAS COMP A CLG WTR RTRN TEMP Sw HI

TSH 2204 204-2 QUENCHED FLUE GAS COMP B CLG WTR RTRN TEAP 5W HI

TSH 2205 204 -2 DV CYCLE COMP A CLG WTR RTRN TEMP SW HI

TSH 2206 204-2 DV CYCLE COMP B CLG WTR RTRN TEMP SW HI

TSH 2207 204 -1 RECYCLE FLUE GAS COMP CLG WTR RTRN TEMP S5d dl

TSH 2208 204-1 RECYCLE FLUE GAS COMP CLG WTR RTRN TEMP 35W HI

TSH 2214 204-1 MAIN AIR COMP 1ST STA AFTER COOLER INLT TEN? ANNUNC

TSH 2219 203-1 FUEL GAS HEAT TRACE TEMPERATUFE SRITCH HIGH

TSH 2220 203-1 PROCESS GAS 2 HEAT TRACE TEMPERATURE SWITCH HiIeH

TSH 2223 204 -1 2/3 STAGFE COMP CLG WTR RTRN TENMP SW HI

TSH 3001 205 RG QUENCHER QUENCHED FLUE GAS OUTL TEMP SW HI

TSH 3006 206 GF QUENCHER OUTL TEMP SW HI

TSH 3009 207 DV QUENCHER QUENCHED GAS OUTL HI TEMP SW
STD DEVICE

TSH 3047 207 DY QUENCHER PROCESS GAS STRM 1 INLYT HI TEMP S+
STD DEVICE

TSH 3105 208 FIFST STAGE PECYCLE CO2 TOMPRESSOR DSCH dI TEMP S5W

STD APPLICATION
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DEV
I.p

TSH

TSH
TSH
TSH

TSL
TT
TT
TT
i
I
WR
YR

¥SL 2232-1
WSL 2032-2
WeL 2033-1

WsL

XA 1000-1

Xa 1000-2

XA 2000-2

YA 2000-2
¥a 2060-3

ERDA CORL CONVZ! STON TNSTRUMENTATION REVIEW FOR THE C0O2 ACCEPTOR PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANT3 (CONTINUED)

ICE
. Wo.

3106
3107
3110
311
3112

3114
3115
3118

1002
21032
2083
2084
2022
2633
2032
2033

2799

FLOW SHEST
SRC

208
208
208
208
2C8

205
206
207

201
223-3
203-3
203-3
202
202
252
202
202
202
202
202
201

202

207

202
203-1

MEASUREMENT NAME / COMMENIS

2ND STAGE RECYCLE CC2 COMPRESSOP DSCH HI TEMP SW
STD APPLICATION

3RD STAGE RECYCLE C02 COMPRESSOR DSCH HI TEMP SW
STD APPLICATION

FIRST STAGE ERFCYCZLE C02 COMPRESSOR CLG WIk REI HiLi TEMP SW
STD AFPLICATION

2NC STAGE RECYCL®E CO02 COMFRFSSOFR CLG WTR RET HI TENP SW
STD APPLICATION

3RD STAGE FECYCLE C02 COMPRESSOF CLG XTR kil HI L EMP =9
STD APPLICATION

RG QUEFCH PMPS SUCTIONN HDR TEMP SW HI

GF QUFNCHE PMPS SUCT HDR TEMP SW HI

DV QUENCH SEPARATOR QUENCH WTR CUTL HI TEMP 354
STD DEVICE

MILL SEPARATCR TEMPERATURE SWITCH LOW

PEVOLATILYZER JACKET WATER VAPOR DSCH TEMP AMLIK

RS JACKET WATFR VAPOR TEMP XMIR

GASIFIEP JACKET WATER VAPNS OUTLET TEMP AMIR

LIGNITE HOPPER A WSIGHT IND

LIGNITE FEEDER B WEIGHT IND

LIGNITE FDR B WT REC

LIGNIIE FDR B WT REC

LIGNITE FDF A ¥T S9 LO

LIGNITE FDF A ®WI SW LC

LIGNITE FDR WEIGH SW LO

LIGNITE FDR B WT S¥ LO

17 MISC ANNUNCIATOR POINTS
STD METHOD AND DEVICES FOR ALARN
REMOTE SWITCH COPERATED ALARM

6 MISC ANNUNCIATOR POINTS
STANDRRD READILY AVATILABLE DEVICES
PFMOTE SWITCH OPEERATED ALARRM

2 UNLISTED ANNUNC POINTS
STD DEVICE

2 UNLISTED ANNUNCIATOR POINTS

21 POINT MISC ANNUNCIATOR
STANDARD-READILY AVAILABLE
FEMOTE SWITCH ACTUATFED
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ERDA COARL COXVERSION TNSTFRUMENTATION REVIE¥ FOR THE CO2 ACCEPTOk PRBOCESS
INSTRUYENTS WHICH APE ACCEPTABLE IN SCAIFD UP PLANTS (CONIINUED)

DEVICE FLOW SHEET MEASUREMENT NAME / COMHENIR
I.D. NO. SRC
XA 2009-5 203-3 13 MISC ANNUNC POINTS UNLISTED

STD METHOD & DEVICES TO ALARN
REMOTE SWITCH OPTD DEVICES

XA 2000-6 204 -1 7 MISC ANNUNCIATOR POINTS
STANDARD RFADILY AVAILABLE DEVICES
REMKOTE SWITCH OPERATFED ALARMNS

XA 2000-7 204-2 8 UNLISTED MISC ANWUNCIATOF PRINTS
STD UNITS VEEY RELTABLE
REMOTE SWITCH ACTUATED ALARNS

XA 2000-8 205 8 UNLISTED ANNUNCIATOR POINTS

XA 2105 202 FIFTE FLOOR ANNUNC

XA 2106 202 FLOOR 6 ANNGNC

XA 2118A 204 -1 AIR HEATFR INLET LOW FLOW ANNUNC

XA 2116B 204-1 AIR BREATER OUTLET HIGH TENP ANNUNC -

XA 2118¢C 204 -1 AIR HFATER FLa3® OUT ANNUNC é
2 XH

XA 2118D 294-1 DOLOMITE LIFT GAS HTR STACK HI TEMP ANNONC
2 XH

XA 2118E 204 -1 DOLOMITE LIPT GAS HTR INLFT LOW PLOW ANNUNG

XA 2118G 204-1 DCLCHKITE LIPT GAS HTR FLAE OUT ANNUNC

XA 21184 264 -1 CHAD LIPT GAS HEERTER STACK HY TEMP ANNUNC

XA 21181 204 -1 CHAF LIPT GAS HEATE# INLET LO FLOW ANNUNC

XA 21187 2041 CHAR LIFT GAS HEATER OUTLET HI TEMP ANNUNC

XA 2118K 204 -1 CHAR LIPT GAS HEATER PLAMR OUT ANKURC

XA 21332 204-1 MAIN AIR COMPRESSOR 1ST STA A HI ¥TR TENP ANNUAC

XA 21338 204 -1 MAIN AIR COMPRESSCR 1ST STA B HI WTR TEW?

XA 2133C 234-1 COMP LUBE OII CLF WTR INLT TEMP HI ANNUNC

XA 2133Dp 204 -1 MAIN ATIR COMP 3RD STA CLR TEMP HI ANNUNC

XA 21338 204-1 MAIN AIR COMP 2ND STA CLR TEMP HI ANNUNC

XA 2133F 203-3 2/3 STAGE COMP CLG WTR RTRN TENP HY ANNUNC

Xa 2135 204-1 MAIN AIR COMPRESSOR LOW LUBE OIL PRESS AKNUNC
YENDOR PKG

XA 3000-2A 207 UNLISTED ANNUNC POINTS~1)
STD DEVICE

XA 3000-B 208 7 MISC ANNUNC POINTS

STD DEVICE - NO PROBLENS
REMOTE SWITCH OPTD ALARY



ERDA COAL CONVEISION INSTRUMENTATION REVIEW FOR THE C02 ACCEPIOR 2d0CESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED 4P PLANTS (CONTINUED)

DEVICE FLOW SHEIT MEASURENENT NANE 7 COMMENTS
I.Db. NO. SRC
XA 3000-8 205 6 UNLISTED HISC ANNUNCIATOR POIRTS

STD UNITS VERY RELIABLPE
REMOTE SW ACTUATED ALAR%S
XA 3000-9 206 11 ONLISTED MISC ANNUNC PTS
SID UNITS VEFY RFL.aBLE
REMOTE SW ACTUATED ALMS

Xxcv 1001 201 INEPT GAS SUPPLY CTCNTROL VAIVE

XCV 1002 201 DEYFR FURNACE START-UP STACK AUTO DAMPER

XCV 1003 201 DRYER FURNACE INLET AUTO DAMPER

iCcv 1008 201 DRYER FURNACF OUTLET AUTO DAWPEPR

XCcv 1009 202 INERT GAS SOL POSN CONT VLY

XCcy 1910 202 QUEKCHED FLUE GAS POSN CONT VLV

CV 1911 202 QUENCHED FLUFE GAS POSW CONT VLV

Xcv 1012 202 FURNACE PILCT FUEL G5AS SOL CONT V1V

XCV 1213 201 LIGNITE SURGE BIN INTET CONTROL VAIVE

XCcv 1037 201 WILLIAMS MILL LIGNITE SLUFR RECYCLE LINE CJCUNJIROL VALVE
XCVv 11738 201 DOLCMITE FINES BIN OUTLET CONTROL VALVE

Xcv 1039 201 DOLOMITE BIN OUTLET CONTROL VALVE

XCv 1041 202 PIRNACE FUEL GAS CNNT SOL VLV

Xcv 1042 202 PNFUMATIC CONT LOOP SOL CONT VLV

XCV 1044 202 INERT GAS POSN CONT VLV

TCV 1045 201 DRY LIGNITE FEEDER INERT GAS SUYPPLY SOLENOID VALVE
XCV 10413 202 ISNITOR AI® LINE SOL VLV

XCv 10590 201 DRY LIGNITE FEEDER A INERT GAS SUPPLY SOLLENJIJ VALVE
XCV 1052 201 LIGNITE CYCLONE INLFT INERT GAS SUPPLY CONTROL VauVe
XCcv 10523 201 BAG HOUSE INERT GAS INLET CONTROL VALVE

ICVv 1056 201 DRYER FURNACE COOLTNG WATER SUPPLY SOLENOID ValVi
XCV 1059 201 BAG HOUSE COOLING WAT=R® STPPLY SOLENCID ValLVi

iCVv 2004 203-1 DOLOMITE DUMP INLET CONTROL VALVE

Xcv 2010 203-1 SPENT LUOLONMITF DSCH LINE SOLENOID CONTROLLED VALVE
ICV 2913 203-1 GASIFIER CHAR DSCH SOLENOID CCNTRCOLLED VALV

XCv 2022 204-1 AIR HEATER INLET ATIR SOL POSITIONR CONT VLV

XCVv 2023 204 -1 CHARP LIFT HEATER RECYCLE GAS INLT SOL VLV

Xcv 2024 204-2 RECYCLE GAS 2 SOL POS CONT VLV

ICV 20256 204-2 RECYCLE GAS 1 SOL POS CONT VLV

XCcv 2039 202 LIGNITE HCPPER DSCH SOl P0OS VLV
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EBDA CNAL CONVERSION INSTRUMENTATION REVIEW FOR THE CO2 ACCEPIOK PROCESS
INSTRUMENTS WHICH ARP ACCEPTABLE IN SCALED UP PLANTS (COXIINUZD)

DEVICE FPLOW SHEET MEZASURENENT NAME / COMMENIS

I.D. NO. SRC

XCv 2041 204-1 DOLOMITE LIFT HT®R LIPT GAS INLT SOL POS CONTROL VLV
Xcv 2049 203-3 DV JACKET WTR CIRC PUMP DSCH SOL CONT VLYV

XCVv 2050 203-3 DV JACKET WATER CIRC PUMP SUCTION SOL VLV

Xcv 2051 203-3 GASIFIER JACKET WATER CIRC PU%PS DSCH SO.L VLV

XCV 2052 203-3 GASIFIER JACKET WATER CIRC PU%PS SUCT SOL ViV

XCv 205938 205
XCV 20608 2905

ASH QUT ROPPER A OUTL CONT VLV
ASH OUT HOPPER B OUTL TONT VLYV

Xcv 2073 233-1 WASTE DOLOMITE POSITION CONTROL VALVE
XCV 2085 20?2 LIGNITE HOPPER INLT ELEC ©"OSN CONT VLV
XCVv 2085 202 LIGNITE IN HOPPER B8 INLET COYTROL VALVE
XCVv 2087 202 LIGNITF HOPPER PURGE GAS ELEC POSN CONT VLV
XCVv 2088 202 LIGNITE IN HOPPER B CO2 INLET CONTROL VALVE
XCV 2090 202 LIG FPR 2 DSCH SOLENOID POSW VLV
iCcv 2095 202 LIGNITE HOPPER EQUALIZING VVNT POSN CONT VLV @
Xcv 20956 202 LIGNITE IN HOPPER B VENT GAS CONTROL VALVe 3
XCVv 2097 205 ASH OUT HOPPEP A WELIEF VuNT GAS CONTROL VawVE
Xcv 2098 205 ASH OQUT HOPPER B RELTIEF VRNT GAS CONTROL VALVE
YCcv 2119 204-1 ATIR HEATER INLIET INERT GAS SOL POS CONT VLV
Xcy 2129 202 QUENCHED FPDEL GA3 AJTO/MAN CONT VLV
XCY 2126 204-2 DV CICLE COMP SOL CONT VLV
XCv 2127 203-1 DEVOLATILIZEE PROCE3S GA3 SOLENOID CONTRIOL VauvVi
XCV 2128 2731 PJPGE GAS CONTROL SOLENQCID VALTE
Xcv 2129 203-1 DEVOLATILIZER SPENT DOLNEITE DSCH SOLENOIL VALVL
XCcv 2130 233-1 DOLOMITE SUPPLY SOLENOID CONTENL VALVE
LCV 2131 203-1 COFE DISCHARGE LTINE SOLEYNOID TALVF
XCcvV 2132 203-1 GASIFIER SPENT DOLOMITE LINE SOLENOID VALVE
YCcv 2150 205 ASH OUT HOPPEP A INERT GAS INLET CONT VLV
Xcv 2151 205 ASH OUT HOPPER B TINERT GAS INLT CONTROL VALVe
XCV 3002 207 WASTE GAS TO FLARE PRESS CONT VLV SOLENOID ViV
STD DEVICE OK
XCv 5069 208 FIREST STAGE RECYCLE C02 CHMPF FUEL GAS INLL CONI VLV
STD VENDOR FURNISHED CONIRONL
XHC 10923 201 DRYER FURNACE INLET AUTO DAMPER HARD CONTKOLLER
X4C 1010 202 QUENCHED FLUE GAS CV HAND PNSN CONT
{HC 1011 292 QUJFNCHED FLUE GAS CV HAND POSN CONT
XH9C 1937 201 WILLIAMS MILL LIGNITE SLURRY CONT VALVE HAND CONTROL



ERDA COAL CONVE! SION INSTRUMENTATION REVIEW FOR THE CO2 ACCEPTOR PRICLSS
INSTRUMENTS WHICH ARF ACCEPTABLE IN SCALED TP PLANIS (JONTINUED)

DEVICE FLOA SHEET MEASUREMENT NAME , CONMNENLS

I.D. NO. SRC

¥HC 10389 201 DOLOMITE FINES SIN ONTLET CONTROL VALVE dAND CONIAOLLER
XHC 1539 201 DOLOMITE BIN OQUTLET CONTROL VALVE YAND CUMIHOLLcLa

XHC 2073 203-1 AASTE DOLOMITE VALVE HAND POSITION CONTROL

XHC 2159 205 ASH OUT HOPPER A INERT GAS INLT CV HANC CONIROLLcR

XHC 2151 205 ASH OUT HOPPER B INERT GAS INLT CV HAND CONTRILLER

XXH 2130 204-1 MAIN AIR COMPPRESSOR VIBRATION LVYL HI

X13080 204-2 8 UNLISTED PRESS IWD

ZT 1002 201 DRYFR FURNACE START-01P STACK AUTO DANFER PO5Si7ION IBDICATOR
ZI 1008 201 DRYER FUPNACE OGUTLET AUTO DAMPER POSITION INDICATOR
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ERDR COAL CONVERSION INSTRUMENTATION REVIEW FOF THE HYGAS PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED NP PLANTS

DEVICE FLO¥ SHEET MEASUREMENT NAME / COMMENTS
I.D. NO. IGT
AIC 510 5.00-1-J 1ST STAGE QUENCH GAS CO ANALYTICAL IND CONT
AIC =21 5.00-1-J 1ST STAGE QUENCH GAS CO ANWALYTICAL TND CONT
ATT 510 5.0C8-1-3 1ST STAGE QUENCH GAS CC APALYTZICAL ECDR
AR 405 4.,00-1-2 QUENCH TOWER GAS AMNALYTICAL RCDR
AR 496 4,00-1-2 HYGAS ANAIYTICAL RCDR
AR 462 4,00-2-J CAUSTIC & WATER WASH SCRUBBER GAS ANALYSIS nReUR CO
AR 463 4. 00-2-3 CAUSTIC & WATER WASH SCRUBBFR C02 ANALYTICAL RCid
AR 5G5 5.00-1-3J 1ST STAGE QUENCH GAS CO ANALYTICAL RCDR
AR 510 5.00-1-J 1ST STAGE QUENCH GAS CO ANALYTICAL RCDR
AR 521 5.00-1-3 15T STAGE QUENCH GAS CO ANALYTICAL RCDE
AR 566 5.00-1-a 1ST STAGE QUENCH GAS H2 ANALYTICAL RCDF
AY 510 5.00-%-J 1ST STAGE QUENCH GAS CO ANALYTICAL E/P CHNVIR
AY 521 5.00-1-3 1ST STAGF QUENCH GAS CO ANALYIFICAL E/P CNVIR
EL 115 1.00-1-3 UNTFE-TED COAL FLOW VALVE PILOT LIGHT %
EL 309 3.00-1-7F FEED SLURRY PUMP MOTOR PILOT LIGHT I
EMF/2 321 3.00-2-J dYGAS EEACZTCD LEVEL E/fP CNVTR
FE 511 5.00~-1=-J 1ST STAGE QUENCH GAS FLOW ELMT
FE 522 5.00-1-J RECYCLE GAS FLOW ELMT
FI 3038 3.00-1-2 FEFD SLURRY PUMP LIGHT OIL SUPPLY FLOW INDICATOK
STD DEVICE
FI 3144 3.00-2-7 HYGAS FEACTOR IN-LINE FLOW INDICATOR
FI 3145 3.00-2-J HYGAS REARCTOR IN-LINE FLOW INDICATOR
FIC 511 5.00~1-2 1ST STAGE QUENCH GAS FLOW IND CONT
FIC %22 5.00-1-7 1ST STAGE QUENCH GAS IND FLOW CONT
F® 3079 3.00-%-J FEFD SLURRY PUMPS SUCTICN FLOW REC
¥R 506 5.00=-1-J 1ST STAGE QUENCH GAS FLOW REZORDER
RCDR OK BUT NO PRESSURE CORRECTION
FR 511 5.00-1-J 15T STAGE QUENCH GAS FLOW RCDR
FR 522 5.00-1~3 1ST STAGE QUENCH GAS FLOW RCDR
FT 506 5.20-1-a 157 STAGE QUENCH GAS FLOW RCDP
FT 511 5.00-1-J 18T STAGE QUENCH GAS FLOW XMTR
FPT 522 5.00-1-3 18T STAGE QUEWCH GAS FLOW TRANSMITTER
FY 2022 1.00-1-3 COAL FLOW VALVE
FV 511 5.00-1-J 1ST STAGE QUENCH GAS FLOW CONT VALVE
FY 522 5.00-1-7 1ST STAGE QUENCH GAS FLOW CONT VALVE
FY 511 5.00-1-J 1ST STAGE QUENCH GAS FLOW SQ RT CNVTR



ERDA COAL CCHNVERSICON IVSTRUMENTATION REVIEW FOR THE HYGAS PROCESS
INSTRUMENDS WHTCH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENTS
I.D. ¥O. IGT

FY 522 5.00-1-7 1ST STAGE QUEWCH GAS SQ RT CNWNVTR

HS 112 1.30=-1-1 COAL WEIGHT INTIGRATOR HAWD SWITCH

HSB 31534 3.20-1-J FEED SLURRY PUMP MOTOR BOARD MOUNTED HAND SWIICH
HSL 3151 3.00~1-g FEED SLURRY PUMP MOTOR LOCAL HAND SWITCH

IE 309 3.00-1-3 FEED SLURRY PUMP MOTOR CURRENT XIRHMR

IT 309 3.00-1-3 FEED ST URRY PUMP MOTOR CURRENT IND

TIC 321 3.00-2-J HYGAS REACTOR LEVEL IND CONT

LR 321 3.00~-2-3 HYGAS RFACTCR LEVEL RECORDER

LT 3213 3.00=-2-3 HYGAS REACTOR LEVEL TRANSMITTER A

LYZ 321 3.00-2-a HYGES REACTOR CHAR LINE LEVEL VALVE DRIVE
PDE 3089 3.00-2-3 HYGAS EEACTOR D/P RECORDER

PDR 374 3.00-2-J HYGAS REACTOE D/P RECORDER

PI 3144 3.06-2~J HY GAS REACTOR PRESSURE IND

T 2145 3.00=~2~a HYGAS REACTOF PRESSURE INDICATOR e
PI 533 5.0%=1-3 15T STAGE QUENCH GAS ANZR IWLI PRESSURE IND o
2y 523 5.20-1-7J 1ST STAGLE QUENCH GAS D/F CONT VLYV

¥R 112 1.00-1-J COAL WEIGHT RFCOFRDER

iIh 1002 3.00-2-J 2 UNLISTED ANALYSIS DEVICES

XD 1001a 61-D 1 UNLISTED DIFF PRESSURE DEVICE

XD 10018 7.22-1-3 1 UNLISTED DIFF PRESSURE DEVICE

XD 1007 50~ 3%-E 3 UNLISTED DIFFL PRESSURE DIEVICES

XD 1004A 4.00-2-3 4 UNLISTED DIFF FRESSURE DEVICES

G 1004R 4.00-3-3 4 UNLISTED DIFF PRESSURE DEVICES

¥D 1G0EC 6.00-2-J 4 UNLISTED DENSITY DEVICES

iD 709254 2.00-2-3 5 UNLISTED DIFF PRESSUERE DEVICES

XD 10058 5.50-1-7 5 UNLISTED DIFF PRESSURE DEVICES

iD 100¢ 1.20-1~3 & UNLISIFD DIFF PRESSURE DEVICES

D 1007 2.0%-1-3 7 UNLISTED DIFF PRESSURE DEVICES

D 1026 3.00-2-a 26 UNLISTED DIFFL PRESSURE DREVICES

XD 1043 3.00<2-3 43 UNLISTED DIFFL PRESSURE DEVICES

XE 1001 3.0G-2-3 1 UNLISTED ELECTRICAL DEVICES

XE 1007 50-35-E 7 UNLISTED ELEC DEVICES

XE 10091 61-D 9 UNLISTED ELECTRICAL DEVICES

XE 10098 4.00-1-a @ UNLISTED ELEC DEVICES

XE 1011 4.00-2-4 11 UNLISTED ELEC DEVICES

XE

10142

3.00-1-J

14 U¥LISTED ELECTRICAL DEVICES



PRDA COAL CONVEARSION INSTRUMENTATION REVIEY FOK THE HYGAS PROCESS
INSTRINENTS WHICH ARF ACCEPTABRLES IN SCALED UP PLANTS (CONIINUED)

DEVICE PLO§ SHEET MEASUREMENT KANE / COMMENIS
I.D. WNO. I6T

XE 1314B 4.30-3-J 14 UNLISTED ELEC DEVICES

XE 1015 2,00=-1-3 15 UNLISTED ELECTRICAL DEVICES
XE 1C20A 3.00-3-a 20 UNLISTED ELEC DEVICES

XE 1020B 6$.00-2-J 20 UNLISTED ELEC DEVICES

XE 1025 6.00=1=3 25 UNLISTED ELEC DEVICES

XE 1036 2.00-2-3 36 UNLISTED ELECTRICAL DEVICES
XE 1046 1.00-1-J 46 UNLISTED ELECTRICAL DEVICES
XE 1063 7.00-1-3 63 UNLISTED ELEC DEVICES

XF 1001 6.00-2-J 1 UNLISTED FLOW DEVICE

X¥ 1006 6.00-1-0 6 ONLISTED FLOW DEVICRES

XF 1009 4.%0-2-J 9 UYLISTFD FLOW DEVICES

XF 1013 1.00-1=-3 13 UNLISTED FLOW DEVICES

XF 10192 2.30-2-g 19 UNLISTED FLOW DEVICES

XF 10198 4.G0-1=-3 19 UNLISTED FLOW DEVICES

XP 1020 61-D 20 UNLISTED FLOW DEVICES

XF 1022 5.00=-1-J 22 UNLISTED FLOW DEVICES

XF 1023 7.90-1-23 23 UNLISTEI' FLOW DEVICES

XF 1024 4.00-3-3 24 UNLISTED FLOW DEVICES

X¥F 1027 3.00-3-2a 27 UNLISTED FLOW DEVICES

XF 1043 50~ 35-E 43 UNLISTED FLOW DEVICES

X* 1051 2.00-1-g 51 UNLISTED FLOW DEVICES

I® 1065 3.00-2~J 65 UNLISTED FLOW DEVICES

XF 1067 3.09=2-3 67 ONLISTED FLOW DEVICES

X434 1099 3.00-2-a 9 UNLISTED HAND DEVICES

X4 1012 3.00-2-3 12 UMLISTED HAND DEVICES

XA 1022 3,00-1-J 22 UNLISTED HAND DEVICES

XI 1002 6.00-2-3 2 UNLISTED ALAEM DEVICES

XT 10037 3.00-1-3 3 UNLISTED ALAPM DEVICES

¥T 1003B 4,00-2-3 3 UELISTED RLARM DEVICES

XI 1003cC 4.00-3-4 3 UNLISTED ALAEM DEVICES

XTI 10054 1.20-1-2 S UNLISTED ALARM DEVICES

¥I 1005B 3.00-3-3 S UNLISTED ALAFM DEVICES

XT 1006 50-35~E 6 UNLISTED ALARM DEVICES

¥T 10067 2,00-2-3 6 UELISTEDL ALAFM DEVICES

XI 1006B 5.00-1-J 6 UFLISTED ALARM DEVICES

XTI 1007 4.00-1-3 7 UFLISTED ALAPM DEVICES

9.-9



ERDA COAL CONVERSION INSTRUMENTATION REVIEW FOR THE HYGAS PROCESS
INSTRUMENTS WHICH ARE ACCEPTABL® IN SCALED UFP PLANTS (CONIINGUELD)

DEVICE PLCY SHEET MEASUREMENT NAME / COMMENIS
I.D. WO, IGT

XT 14082 61-D R DKLISTED 2LARM DEVICES

XI 10088 2.,C0C-1-1 8 UNLISTED ATAPM DEVICES

XI 1009 3.00=2-3 9 UNLISTFD ALARM DEVITES

XI 1010 7.93-1-a 19 UNLISTED ALARM DEVICES

XI 1012 3.00-2~3 12 UNLISTED ALARM DEVICES

XL 1003 7.00-1-3 3 UFLISTED IEVEL DEVICES

XL 10973 1.30-1-7J 7 UNLISTED LEVEL DEVICES

XL 10078 5.03=1-J 7 UNLISTED FLOW DEVICES

XL 10682 3.00~-1~-J 8 UKNLISTED LEVEL DEVICES

YL 1008B 6.060-2-7 8 UMLISTED LEVEL DEVICES

XL 1009A 2.00-1-g 9 UNLISTED LEVEL DEVIZES

XL 160098 3.00-2-2 9 UNLISTED LEVEL DEVICES

XL 1013 4,30~-3-73 13 UNLISTED LEVEL REVICES

XL 1214 6.00-1-g 14 UNLISTED LEVEL DEVICES t
XL 1018 2.90-2-g 18 UNLISTED LEVEL DEVICES S
XL 1219 3.00-2-3 19 UNLISTED LEVEL DEVICES

AL 1022 4.00-2-g 22 ONLISTED LEVEL DEVICES

XL 1024 50-35-E 24 UNLISTED LEVEL DEVICES

XL 10284 61-D 24 UFYLISTED LFEVEL DEVICES

L 1025 3.60-3-a 25 UNLISTED LEVEL DEVICES

XP 1003 1.09-1-7 3 UNLISTED PRESSURE DEVICES
XP 1009 2.00-2-3 9 UNLISTED ERESSURE DEVICES
P 1011 2,00-3-3 11 UNLTISTED PRESSURE DEVIZES
P 1013 3.00«1-g 13 UNLISTED PRESSURE DEVICES
XP 10187 61-D 14 UNLISTED PRESSU®E DEVICES
X2 1014B 4.00-2-3 14 ONLISTED FPRESSURE DEVICES
XP 1014C 6.00-2~3 14 UNLISTED PREESSURE DEVICES
Xe 1918 4,0C-1-J 18 UNLISTFD PRESSURE DEVICES
XP 1020 4,30~-3-4J 20 UNLISTED PRESSURE DEVICES
XP 1024 50-35-E 24 UNLISTED PRESSURE DEVICES
X? 1028 6.30=-1=J 28 UNLISTED PRESSURE DEVICES
XP 1030 5.00-1-3 30 CNLISTED PRESSURE DEVICES
XP 1035 2.00-1~a 36 UNLISTED PRESSURE DEVICES
xe 1039 3.60-2-J 39 UNLISTED PRESSURE DEVICES
XP 1041 3.00-2-J 41 UNLISTED PRESSURE DEVICES
XP 1045 7.00-1-J 45 UNLISTED PRESSURE DEVICES



ERDA COATL CONVERSTION INSTRUMENTATION REVIEW FOR THE HYGAS PROCESS

DEVICE
I.D. NO.

XT
XT
XT
XT
T
X7
L
XT
XT
XT
XT
XT
XT
XT
T
XT
X2

1006
10190
1011
1012
1213
1014
12152
10153
1018
1924
1026
1037A
10378
1043
1044
1054
1001

INSTRUMENTS

FLOW SHEET

IcT

6.09-1-J
1.00=-1-J
6.00=-2~3
3.00-1-3
2.06-2-3
3.00-3-3
61-D
4.00-3-a3
4.00-1-J
4.00-2-J
50~ 35-E
2.00-1-3
3.00-2-4
5.20-1~J
7.00-1-J
3.00~-2-J
3.00-2~3

WHICH ARE ACCEPTABLE IN SCLRLED UP PLANTS (CONIINUED)

MEASUREMENT NAME / COMMENIS

6 INLISTED TEMPERATURE DEVICES
10 UNLISTED TFMPERATURE DEVICES
11 ONLISTED TEMPEFRATURE DEVICES
12 ONLISTED TEMPERATURE DEVICES
13 UNILISTED TEMPERATURE DEVICES
14 UNL ISTED TEVPERATURE DEVITES
15 OUNLISTED TEMPERATURE DEVICES
15 UOWNLISTEC TEMPERATURE DEVICES
18 UNLISTED TEMPERATURE DEVICES
24 UNLISTED TEMPERATURE DEVITES
26 URLISTED TEMPERATURE DEVICES
37 UNLISTED TEMPERATURE DEVICES
37 UGNLISTED TEMPERATURE DEVICES
423 DNLISTED TEMPERATURE DEVICES
44 UNLISTED "EMPERATURE DEVICES
54 UNLISTED TEMPERATURE DEVICES
1 UNLISTED POSITION DEVICE

8.-4



ERDA COAL CONVER SION INSTROUMENTATION REVIEW FCR THE SFC PROCESS
INSTRUMENTS WHICH AFE ACCEPTABLE IN SCALED 0P PLANTS

CEVICE PLOW SHEFT MPASUREMENT NAME / COMMENIS

I.0. NO. SEC

2 105 P3-4 SLURRY PREHEATER OUTLET TEMP ALARM

A 161 P2-10 FLTE A CAKE HOPPER HI LVL TRIP OUNIT

P 162 P3-10 FLTR B CAKE HOPPER HI LVL TRIP ONIT

i 16624 P3-5 HP FLASH DRUM SLURRY HI LVL TRIP UNIT A

A 1668 P3-5 HP FLASH DRUM SLURRY HI LVL TRIP UNIT B

2 169 P3-5 PECYCLE COND SEPARATOR HYDROCARRON VAPOR QUIL Hi PRESS T/U
A 172 P3-5 RECYCLF CONDENSATE SEPARATOR HI/LO LEVEL TRIP UNIT

A 175 P3-5 INT P FLASH DRUM HI LEVEL TRIP UNIT

A 2263 P3-6 FLASH COND SEPARATOR 1 HI LVL TRIP UNIT

A 2264 P3-6 PLASH COND SEPARATOR 2 HI LVL TRIP UNIT

L 2287 P3-4 SLURRY PREHEATER INLET TEMPERATURE ALARM

A 30 P3-6 FILTEF FEED FLASH VSL HI/LO LVL TRIP UWNIT

A 34 P3-7 PRECOAT SLURRY PRESS VSL HI LVL TRIP UNIT

A 37 P3-7 PRECOAT ROTARY DRUM FLTR A SLURRY HI LVL IBIP UNIT

A uz P3-7 PRECOAT ROTARY DRUX FLTR B HI LVL TRIP UNIT

A 709 P3-5 HP FLASH DRUM VAPOR HI TEMP TRIP UNIT

A 85 P3-4 S1LUREY PREHEATER HYTMROGE/SYNTHESIS GAS INLET FLOW ALARN

A 88 P3~4 SLURRY PREHEATER LNLET PRESSURE ALARH

AN 175 P3-5 INT P FLASH DRUM SLURRY HI LEVEL ANNONC

AN 703 P3-5 HP FLASH DRUM SILURRY HI LVL ANNUNC

AN 774 P3-5 HP? FLASH DRUM SLURRY HI LVL ANNUNC

AN 706 P3-5 RECYCLE CONDEXSATE SEPARATOR HI/LC LEVEL ANNUNC

AN 707 P3-5 RECYCLE COND SEPARATOR HYDROZCARBON VAPOR OUTL HI PRESS ANNUN
AN 755 p3-5 HP FLASH DRUM VAPOR HI TEMP ANNUNC

BN 774 P3-6 FILTER FEED FLASH VSL HI LVL ANNOUNC

AN 775 P3-6 FILTTFE FEED FLASH VSL LO LVL ANNUNC

AN 807 P3-6 FLASH COND SEPARATOR 1 HI LVL ANNUNC

AN 808 P3-6 FLASH COND SEPARATOR 2 HI LVL ANNUNC

cD 195 P3-4 SLURRY PREHEATER OUTLET TEMP SIGNAL CNVTR

CDh 158 P3-5 RECYCLE COND SEPARATOR LIQ HYDROCARBONS OUTL FLOW SIGNAL CON
CD 161 P3-10 FLTR A CAKE HOPPER LVL SIGNAL CONV

CD 162 P3-10 FLTPR B CAKE HOPPER LVL SIGNAL CONV

CD 1€7 P3-5 HP FLASH DRUM SLURRY T'EMP SIGNAL CONVERTER

CD 1703 P3~-5 RECYCLF COND SEPARATOR HYDROCARBON VAPOR OUTL FLOW SQ RT EXT
cD 170EB P3-5 RECYCLE COND SEPARATOR HYDROCARBON VAPOR OUIL FLOW COMP DEV

174 P3-5 INT P FLASH DRUM VAPOR OUTL FLOW SIGNAL CONVERTER

0
2

6/-4



EEDA COAL CONVER} STION INSTRUMENTATION REVIEW FOR THE SRC PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONIINUED)

DEVICE FLOW SHEET MEASUR EMFENT WAME / COMMENTS

I.D. ¥O. SRC

cD 2117 P3-6 FLASH COND SEPARATORS HYDROCARBON VAPOR OUIL FLOW 5y RT EXTR
Ch 2239 P3-7 PRECOAT ROTARY DRUM FLTR A SPEED SIGNAL CONV

CDh 22#1 P3-7 PRECOAT ROTARY DRUM FLTR B SPEED SIGNAL CORNV

CD 2287 P3-4 SLUPRY PREHEATER INLET TEMPERATORE SIGNAL CONVERTER

CcD 298 P3-7 PRECOAT ROTARY DRUM FLTR A HYDROCARBON VAPOR INLT PRESS S/CV
CDh 299 P3-7 PRECOAT ROTARY DRUM FLTR B HYDROCARBON VAPOR INLT PHESS S/CV
CD 32 P3-6 FILTER FEED FLASH VSL TEMP SIGNAL CONVERTER

Ch 33 P3-7 PRECOAT SLURRY PRESS VSL TEMP SIGNAL CONV

Cb 36 P3-7 FILTER SOLVENT SPLY EXGR A INLT FLOW SQ RT EXIRACTIOR

CD 40 P3-7 FILTER SOLVENT SPLY EXGR A OUTL TEMP SIGNAL CONV

CD 41 p3-7 FILTER SOLVENT SPLY EXGR B INLT FLOW SO RT onATRACTOR

CD 45 P3-7 FILTER SOLENT SPLY EXGR B OUTL TEMP SIGNAL CONV

CD 709 P3-5 HP PLASH DRUM VAPOR TEMP SIGNAL CONVERTER

CD 852 P3-4 SLURRY PREHEATER HYDROGEN/SYNTHESIS GAS INL FLOW CONVERTER o
CD 85B P3-4 SLURRY PREHEATER HYDROGEN/SYNTHESIS GAS INL FLOW CONVERTER @
DPS 2295 P3-10 DRYER EXHAUST BLOWER SUCT/DSCH DIFFL PPESS 3w

DPT 2295 P3-10 DRYER EXHAUST BLOWER SOUCT/DSZH DIFFL PRESS XMIR

E/P 164 P3-10 DRYER CONDENSATE DRUM LVL CONT VLV SIGNAL CONV

E/P 166 P3-5 HP FLASH DRUM SLURRY LEVEL CONT VLV SIGWAL CONVERTER

E/P 167 P3-5 DISSOLVER PRODUCT AIF COOLED EXGR AIR FLOW CONT uaMPER E/P
E/P 169 P3-5 RECYCLE COND SEPARATOR HYDROCARBON VAPOR OUTL PCV S.iGNAL 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 5iGNAL 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 CONI VLV SIGNAL CONVERTER

E/P 18217 P3~6 FILTER FEED SURGF VSL HYDROCARBON VAPOR OUTIL £CV SIGNAL CONV
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 HYDROCARRBONS INLT ECV S/CV
E/P 2195 P3-6 FLASH COND SEPARATORS HYDROCARBON VAPOR OQUTL PCV SiGNAL CONYV
E/P 2263 P3~-6 FLASH COND SEPARATOR 1 LVL CONT VLV SIGNAL COJVERTER

E/P 22604 P3-6 FLASH COND SEPARATOR 2 LVL CONT VLV SIGNAL CONVLRTER

E/P 2268 P3-6 RECYCLE PROCESS WTR TNK LVL CONT VLV SIGNAL CONVERTER

E/P 2310 P3-10 DRYER CONDENSATE COOLER OUTL TEMP CONT VLV SI5NAL CONY

E/P 28 P3-6 FILTER FEED FILASH VSL HYDROCARBON VAPOR OUTL PCV SIGNAL CONV
E/P 30 P3-6 FILTEF FEED FLASH VSL LVL CONT VLV SIGNAL CONVEd ER

E/P 32 P3-6 FILTER FEED FLASH VSL TEMP CONT VLV SIGNAL CONVERTER



DEV
I.Db

E/P
E/P
E/P
E/P
E/P
E/P
E/P
E/P
E/P
E/P
E/P
FC
FC
FC
FC
wC
FC
FC
FC
FI
FI
FI
FI
FI
FI
FI
FI
FI
FI
FI
FI
FI
FI
FI
FI
FI

ERDA COAL CONVEISTON INSTRUMENTATION REVIEW FOR THZ SRC FROCESS

ICE

. NO.

33
34
36
37
39
40
41
42
44
45
85
187
36
38
39
41
43
54
85
1661
1668
166C
166D
175
1758
364
308
37A
378
816
417
42
42m
028
454
457

TASTRUMENTS

FLOW SHEET

SRC

P3-7
pP3-7
P3=-7
P3-7
P3-7
P3-7
B3-7
P3-7
B3-7
P3-7
P3-4
P3-6
P3-7
P3-7
P3-7
P3-7
P3-7
P3-7
P3-14
P3-5
P3-5
P2-5
P3-5
P3-5
£3-5
P3-7
P3-7
P3-7
P3-7
P3-7
P3-7
P3-7
P3~7
P3-7
P3-10
P3-19

THICF ARE ACCEPTABLE IN SCALED UP PLANTS (CONTLINULD)

MEASUREMER™ NAME / COMMENTS

PRECOAT SLURRY PRESS VSL TEMP CONT VLV SIGNAL CONV

PRECOAT SLURRY PRESS VSL LVL ZONT VLV SIGNAL CONV

FILTER SOLVENT SPLY EXGR INLT FLO®W CONT VLV 51GNiai CONV
PRECOAT EOTARY DRUM FLTR SLUERY LVL CONT ViV SIGNAL CONV
PRECOAT ROTAEY DRUM FLTK ST.URRY INLT FLOW CINT VLV S/CV
FILTER SOLVENT SPLY EXGR OUTL TEMP CONI VLV 3IGNAL CONY
FILTER SOLVENT SPLY EXGF INLT FLOW CONT VLV SIGNAL CONV
PRECOAT RCTARY DSUM FLTR SLURR LVL CONI V.V SIGNAL CONV
PRECOAT ROTARY DRUM FLTR SIORRY IFLT FLOW CONI VLV S/CV
FILTER SOLVENT SPLY FXSGR OUTL TEMP CONLI VLV SIGNAL CONV
SLURRY PREHEATER HYDROGEN/SYVTHAESIS E/P CONVERTEK

FILTEF FEED FLASH RCIRC EYXGR LI)Q HYDROCARBONS INLI FLOW CONT
FIITEE SCLVENT SPLY EXGR A INLT FLOW CONI

PRECOAT ROTARY DROM FILTER A INERT GAS SPLY FLOW CONT
DRECOAT ROTARY DRUM FLTR A SLUYRFY IKLT PLCAd CONT

FILTFPF SOLVENT SPLY EXGR 8 INLT FLOW CONT

PRECCAT EOTAERY DEUM FLTP B INERT GAS SPLY FLO# CONT

PRECOAT PCTARY DRUM FLTYR B SLOREY TNLT FLOWN CONT

SLURRY PREHEATER HYDROGEN/SYNTHESIS GAS INicT FC

H#™ FIAZH DRUX SLURKRY HYDFOGEN/SYNTHESIS GAS PURGE FLOW IND
H? FLASH DFUM VAPOR HYDROGEN/SYNTHESIS GAS PURGE FLOW IND
4P ¥*ILASH DRUM VRPOF HYDROGEN/SYNTHFRESIS GAS PURGE PLOW IND

P FL2SH DRUM SLURRY HYDROGEN/SYNTUZSIS GAS PURGE FLOW TIWD
INT P FLASH DRUM VAPOR HYDROGEN/SYNTHESIS GAS PURGE FLOW IND
INT P FLASH DRUM SLURRY HYDROGEN/SYNTHESIS GAS PURGeE FLO IND
PRECORT SLUFRY LVL XMTP LT-34 HP L¥G INERT GAS PRG FLOW IND
PRFCOAT SLUKEY LVL XMTR LT-34 LP LEG INERT GAS PKG FLOW IND
SLUFPFY LVL XMTR LT-37 PI PRESS LEG INERT GAS PURGE FLOW TIND
SLURFY LVL XMTR LT-37 LO PRRSS LEG INERT GAS PURGE FLOW IND
PRFCOAT ATMOS MIX TNK SLUFRRY INLT FLOW IND

PRECOAT SLOURRY DSCH PMP DSCH FLOW IWND

SLURKY LVL XMTR LT~42 HI PRESS LEG INERT GAS PURGE FLOW IND
PRECOAT ROTAEY DRUM FLTR B ASH OUTL LIQ HYDROCARBONS SPLY FI
PPFCOAT ROTARY DRUM FLTR A ASH OUTT. LIQ HYDROCAKBONS SPLY FI
MINEEAL RESIDUE COOLER CLG WTR SPLY FLOW IND

DRYFER CONDENSATE DRUM PURGE FLOW IND

DM i

18-4



ERDA TOAL CONVEt SION IFSTRUMFNTATION REVIEW FOR THE SRC PROCESS
INSTRUMENTS WHICH ART ACCEPTABLE IN SCRLED UP PLANTS (CONI'IJUEWD)

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENTS
I.D. NOQ. SEC
FI 47CA P3-10 DRYEF CONDENSATE DRUM PURGE FLOW IND
FI 470B P3-10 DRYFR CONDENSATE DRUM PORGE FLOW IND
FI 743 P3-10 DRYEF CONDENSATE DRUM PURGE FLOW IND
FQ 170 P3-5 RECYCLE COND SEPARATOR HYDROCARBON VAPOR OUTL FLOW INTEGRATR
O 2117 P3-6 FLASH COND SEPARATORS HYDROCARBON VAPOR OUTL FLOW INTEGRATOR
FO 3¢ P3-7 FILTER SOLVENT SPLY EXGR A INLT FPLOW INTEGRATJR
FQ 41 P27 FILTER SOLVENT SPLY EXGR B INLT FLOW INTEGKRATOR
FQ 85 P3-4 SLURRY PREHEATER HYDROGEN/SYNTHESIS GAS INL FLOW LINTEGRATOR
FT 157 P3-5 INT P FIASH DRUM SLURRY OUTL FLOW XMTR
FT 158 P3-5 RECYCLE CONDENSATE SEPARATOR LIQ HYDROCARBONS OUT. FLOW XMTR
FT 170 P3-5 RECYCLE COND SEPARATOR HYDROCARBON VAPOR OUIL FLOW XMTR
FT 174 P3-5 INT P FLASH DRUM VAPOR OUTL FLOW XMTR
FT 187 P2-6 FILTEF FEED FIASH RCIRC EXGR LIQ HYDROCARBONS INLT FLOW XMTR
FT 2117 P3-6 FLASH COND SEPARATORS HYDROCARBOW VAPOR QUIL FLOW XMTR
T 2121 P3-19 DRYER EXHRAUST BLOWER DSCH FLOW XMTR
FT 219¢ P3-5 FLASH COND SEPARATOR 1 LIQ HYDROCARBONS QUTL FLOW XMTR
FT 2275 P2-6 FLASH COND SEPARATOR 2 PRNOCESS WST OUTL FLOW ZMTR
7T 2316 ?3-6 WATER BOOSTER PMP DISCH FLOW (MTR
FT 35 P3-4 STURRY PREHEATER HYDROGEN/SYNTHESIS GAS INLET FT
FT 36 P3-7 PILTER SOLVENT SPLY EXGP A INLT FLOW XMTR
FT 38 p3-7 PRECOAT ROTARY DRUM FILTER A INERT GAS SPLY FLOW XHMTIR
FT 139 B3-7 PRECOAT ROTARY DRUM FLTR A SLURRY INLT FuOW XMTK
FT 41 P3-7 FILTER SOLVENT SPLY EXGR B INLT FLOW XMTR
FT 43 P3-7 PRECOAT ROTARY DRUM FLTR B INERT GAS SPLY FLOW XMIR
‘FT 44 P3-7 PRECOAT ROTARY DRUM FLTR B SLURRY INLT FLOW XMIR
rT 47 P3-7 PRECOAT ROTARY DRUM FLTR A SLURRY OUTL PuLOW XMTIR
FT 49 P3-7 PRECOAT ROTARY DRUM FLTR B SLURRY OUTL FLOW XMIR
HIC 166 BP3-5 HP FLASH DRUM LVL XMTR A/B OUTPUT SEL SW
HIC 2115 BP3-7 PRECOAT ATMOS MIX TNK DSCH PMP VAR SPEED DRIVE HAND IND CONT
HIC 2236 P2-7 PRECOAT SLURRY DSCH PMP VARIABLE SPRED DRIVE HAND IND CONT
HIC 2319 P3-7 PRECOAT SOLVENT CLR PRESS CONT DMPR HAND IND CONT
" LC 161 P3-10 FLTR A CAKE HOPPER LVL CONT
LC 162 P3-10 FLTR B CAKE HOPPER LVL CONT
LC 166 P3~5 HP FLASH DRUM SLURRY LEVEL CONT
LC 172 P3-5 RECYCLE CONDENSATE SEPARATOR LEVEL CONT

1C 175 P3-5 INT P FLASH DRUM SLURRY LEVEL COXNT

z8-4



ERDA CTOAL CONVErITION INSTRUMENTATION REVIEW FOR THE SRC PROCESS
INSTRUMENTS WHICH ART ACCEPTADBLE IN SCALED UP PLANTS (CONTISUED)

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENTS

I.D. NO, SRC

Lc 181 P3-5 FILTER FEED SURGE VSL LVL CONT

LC 2173 D3-7 PRECOAT ATMOS MIX TWK SLURRY LVL CONT

LC 2203 P3-7 FILTER A VAPOR SURGE DRUM LIQ HYDRNOCARBONS LVL CONT
LC 2204 ?3-7 FILTER B VAPOR SURGE DROUM LIQ HYDROCARBONS LVL CONT
LC 2263 B3-6 FLASH COND SEPARATOR 1 LEVEL CTONT

LC 2264 P3-6 FLASH COND SEPARATOR 2 LVL CONT

1C 2265 P3-6 FPLASH COND SEPARATOR 2 LVL CONT

LC 30 P3-5 FILTER FEED FLASH VSL LVL CONT

Lo 34 D37 PRECOAT SLURRY PRESS VSL LVL CONT

c 37 pP3-7 PRECOAT ROTARY DRUM FLTR A SLURRY LVI CONT

LC 42 P3-7 PRECOAT ROTARY DRUM FLTR B SLYRRY LVL CONT

LE 161 P3-10 FLTE A CAKE HOPPER LVL SENSOR

LE 162 P3-1J FLTEF B CAKE HOPPER LVL SENSOR

LE 23012 P3-10 MINERAL RESIDUE COOLER CLG WTR LO LVL SENSOR w
LE 23013 P3-10 MINERAL RESIDUE CONLER CLG WTR {HI LVL SENSOK &
LG 401 P3-5 RECYCLE CONDENSATE SEPARATOR LEVEL GLASS w
LG 418 P3-7 FILTER A VAPOR SURGE DRUM LIQ HYDROCARBONS LVL GLASS
L5 419 »3-7 FILTER B VAPOR SURGF DRUM LIQ HYDROCARBONS LVL GLASS
LG 430 P3-10 DRYER CONDENSATE DRUM LVL GLASS

LG Lu7 P3-6 FLASH COND SEPARATOR 1 LVL GLASS

1L.G uus P3-6 FLASH COND SEPARRTOR 2 LEVEL GLASS

LI 1664 P3-5 HP FLASH DRUM LEVEL IND A

LT 1668 P3-5 HP FLASH DRUM LEVEL IND B

LTC 164 P3-10 DRYER CONDENSATE PRUM LVL IND CONT

LIC 2268 P3-6 RECYCLE PPOCESS WTR TNK LVL IND CONT

LS 2322A P3-10 MINERAL KESIDUE BIN HI LVL SW

LS 23228 P3-10 MINERRL RESIDUE BIN LO LVL SW

LS 734 P3-10 DRYFH CONDE¥YSATE DRUM HI LVL SW

Ls 738 P3-7 PRFCOAT ROTARY DRUM FLTR B SLURRY LVL Sq

LS 739 P3-7 PRECOAT ROTARY DRUM FLTR A SLURRY LVL SW

LT 161 B3-10 PLTR A CAKE HOPPER LVL XMTR

LT 162 P3~-10 FLTR B CAKE HOPPER LVL XMTR

LT 164 P3-190 DRYER CONDENSATE DRUM LVL IMIR

1T 1664 #3-5- AP FLASH DRUM SLURRY LEVEL XMTR A

LT 166B P3-5 HP FLASH DRUM SLURRY LEVEL XMTR B

LT 172 P3-5 RECYCLE CONDENSATE SEPARATOR LEVEL XMTR



ERDA CZOAL CCNVERSION TNSTRUMENTATION REVIEW FOR THE SRC PROCZSS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED UP 2LANIS (CONIINUED)

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENTS
I.D. NO. SRC
LT 175 P3-5 INT P FLASH DRUM SLURRY LEVEL XMTR
LT 181 P3-6 FILTER FEED SURGE V5L LVL XMTR
LT 2170 P3-7 PRECCAT ATMOS MIX TNK SLURRY LVL XMTR
LT 22903 P3-7 FILTER A VAPOR SURGE DRUM LIQ HYDROCAFBONS LVL XMIK
LT 2204 P3-7 FILTER B VAPOR SURGE DRUM LIQ HYDROCARBONS LVL XNTR
LT 2263 P3-6 PLASH COND SEPARATOR 1 LEVEL YIMTR
LT 2264 P3-6 FLASH COND SEPARATNOR 2 LEVEL XMTR
LT 2268 P3-6 RRCYCLE FFOCESS WTR ™NR LEVEL XMTR
LT 30 P3-6 TI1TEE FEED FLASH VSL LVL XMTR
LT 34 P3-7 PRECOAT SLMURRY PRESS VsSL LVL XNTR
LT 37 P3~7 DRECOERT ROTARY DRUM FLTR A SLURRY LVL XMTR
LT 42 P3-7 DRECOAT ROTARY DRUM FLYR B SLURRY LVL XMWIR
PC 169 P3-5 RECYCLE COND SEPARATNOR HYDROZARBON VAPOR OUIL Pho3s CONT
PC 173 P3~-5 INT P FLASH DRUMN VAPOR CQUTL PRESS CONT
PC 182 P3-6 FPILTER FEED SURGE VSL HYDFOCARBON VAPOR OUTL PRL35 CONT
PC 2195 P3-6 FLASH COND SEPARATORS HYDROCARBCON VAPOR QUTL PKESS CONT
PC 28 P3-6 FYLTER FEFD FLASH VSL HYDROCARBON VAPOR QUTIL PEESS CONT
PC 35 P3-7 PRECOAT SLURRY PRESS VSL HYDROCARBON VAPOR OUTL PRESS CONT
PCD 2319 P3-7 PRECOAT SOLVENT CLR PRES3S CONT DAMPER
PI 430S P3-7 PRECOAT FILTER A FILTEATE DSCH PRESS IND
PT 4335 P3~7 PRECOAT FILTER B FILTRATE DSCH PRESS IND
PIC 2313 P3-6 RECYCLE PROCESS WTR TNK VENT PRESS IND CONT
PS 740 P3-56 FLASH COND SEPARATOR 2 HI-HI LVL SW
D3 742 P3-10 DRYER CONDE¥SATE DRUM PURGE PRESS SW
PS 758 P3-10 MINERAL RESIDUE COGLER CLG WTR SPLY PRESS Sid
ps 779 P3-4 SLURRY PREHEATER PRESS SW
PART VENDOR FUEL CONT
PSVY 316 P3-7 PRFCOAT SLURRY DSCH PMP DSCH PRESS SFTY V.V
PSV 414 P3-6 FILTER FEED SURGE VSL HYDROCARBON VAPOR OUTIL PRESS SFTY VLV
PSVY 417 23-6 FILTER FEED FLASH VSL HYDROCARBON VAPOR OUTL PRESS SFTY VLV
PSV 819 P3-7 PRECOAT SLURRY PRESS VSL HYDROCARBON VAPQR OQUTL P SFTY VLV
PSY 420 P3-7 PRECOAT ATMOS MIX THK DSCHR PMP DSCH PRESS SFIY V.V
PSY 421 P3-7 PRECOAT ROTARY DRUM FLTR A HYDKOCARBON VAPOR INLT P SFTY VLV
PSV 422 P3-7 PRECOAT ROTARY DRUM FLTR B HYDROCARBON VAPOR INLT P SFTY VLV
PSV 456 P3-5 INT P FLASH DRUM VAPOR OUTL PRESS SFTY VLV

PSV 465 P3-7 FILTER SOLVENT SPLY EXGR A DOWTHERM OUTL PRESS SFTY VLV
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ERDA COAL CONVEYSION INSTRUMENTATION REVIEW FOR THE SRC PROCESS
TNSTRUMENTS WHICH ARE ACCEPTABLE IW SCTALED UP PLANTS (CONTINUED)

DEVICE FLOY SHEET MEASUREMENT NAME / COMMENTS

I.D. KO. SRC

PSY 466 P3-7 FILTER SOLVENT SPLY EXGR B DOWTHERM OUTL PRESS SFTY VLV

PSV 474 pP3-7 PRECCAT SLURRY RCIRC EXGR DOWTHERM RETURN PRESS SFIY VLV

PSV 515 P3-7 PRECOAT SLURRY RCIRC PMP DSCH PRESS SFTY VLV

PSV 546 P3-6 WATFR BOOSTER PUMP DISCH PRESS SFTY VLV

PSV 547 P3-6 FLASH COND SEPARATOR 1 PRESS SFTY VLV

PSY 548 P3-56 FLASH COND SEPARATOR 2 PRESS SFTY VLV

PSVY 552 P3-10 DRYER CONDENSATE DRUM PRESS SFTY VLV

pT /R b3~ 4 SLUPRY PREHEATER Y NLET PT

oT 89 P3-4 SLURRY PREHEATER PT

T 90 P3-4 SLURRY PREHEATER PT

PT 91 P3-4 SLURRY PREHEATER PT

PT 92 pP3-4 SLURRY PREHEATER PT

PT 93 P3-4 SLURRY PREHEATER OUTLET PT

PT 169 P3-5 RECYCLE COND SEPLRATOR HYDROCARBON VAPOR OUIL PRESS XMTR =
2T 173 P3-5 INT P FLASH DRUM VAPOR OUTL PRESS XMTR o
P? 182 P3-6 FILTER FEED SURGE VSL HYDROCARBON VAPOR QUTL PRESS XMTR v
PT 2114 P34 RECYCLE HYDRNDGEN SCRUBBER OUTL PT

PT 2195 P3-6 FLASH COWD SEPARATORS HYDROCARBON VAPOR OUTL PRLSS XMTR

PT 2214 p3-10 DRYER EXHAUST BLOWER DSCH PRESS XMTR

PT 28 P3-6 FILTER FEED FLASH VSL HYDROCARBON VAPOR OQUIL PRESS XMTR

PT 29817 P3-6 PRECOAT ROTARY DRUM FLTR A HYDROCARBON VAPOR INLT PRESS XMTR
DT 29881 23-7 PRECOAT ROTARY DRUM FLTR A COAL SOLN OUTL PRE35 XMIR

PT 2991 P3-7 PRECOAT BROTARY DRUM FLTR B HYDROCARBON VAPOR INLT PRESS XMTR
PT 2993 P3-7 PRECOAT ROTARY DRUM FLTR B COAL SOLN OUTL PRE5SS XMTR

R 303 P3-6 WATER BOOSTER PMP DISCR TEMP REC

R 304 P304 SLURRY PREHEATER TEMPERATURE RECORDER

R 308 P3-4 SLUOPRY PREHEATER PRESSURE RECORDER

R 309 P3-u SLUPRY PREHEATER PRESSURE RECORDER (PURGE LINE

R 3190 P3-6 WATER BOOSTER PMP DISCH FLOW REC

7 311 P3-4 SLURRY PREHEATER HYDROGEN/SYNTHESIS GAS INLET FLOW HCORDER

R 313 P3-4 SLURRY PREHEATER OUTLET TEMPERATURE RECORDER

R 314 p3-5 DISSOLVER A TEMP REC

R 315 P3-5 DISSOLVER B TEMP REC

R 317 P3-6 PILTER FEED FLASH VSL TEMP REC

R 319 P3-5 HP? FLASH DRUM SLURRY TEMP RECT

R 323 p3-5 RECYCLE COND SEPARATOR HYDROCARBON VAPOR OUIL FLOW REC



ERDA COAL CONVERSION INSTRUMENTATION REVIEW FOR THE SRC PROCZSS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED 9P PLANTS (CONIINULD)

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENIS
I.D. NO. SRC
? 324 ©3-5 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 SCLVENT SPLY EXGR A/B OUTL TEMP REc
R 342 P3~6 FILTER FEED PILASH VSL LVL REC
R 343 P3-6 FILTER FEED PLASH VSL H4YDROCAPBON VAPOR OUTL PanSS REC
R 346A P3-6 FILTER FEED SURGE VSL TEMP REC
R 346B P3-5 FLASH COND SFPARATOR 1 TEMP REC
R 346C P3-6 FLASH COND SEPARATOR 2 TEMP XEC
R 346D P3-7 PRECOAT ROTARY DRUM FLTR A/B TEMP REC
R 348 P3-7 PRECOAT ROTARY DRUM FLTR A SLURRY INLT/OUTL FLGCW 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 OUTL FLOW REC
R 376 P3-5 RECYCLE CONDENSATE SEPARATOR TEMP REC &
R 377 P3-6 FLASH CORD SEPARATORS HYDROCARBON VAPOR QUIL FLOW REC @
R 386 P3-5 INT P FLASH DRUM SLURRY QUTL VISCOSITY REC
R 388 P3-7 PRECOAT ROTARY DRUM FLTRS HYDROCARBON VAPOR INLT PKESS REC
R 391 p3-7 PRECOAT SLUREY PRESS VSL LVL REC
R 399 ?3-7 PRECOAT SLURRY PRESS VSL TENMP REC
SI 2239 P3-7 PRECOAT ROTARY DRUM FLTR A SPEED IND
ST 2241 P3-7 PRECOAT ROTARY DRUM FLTR B SPEED IND
ST 2239 P3-7 PRECOAT ROTARY DRU™ FLTR A SPEED XMTR
ST 2241 P3-7 PRECOAT ROTARY LDRUM FLTR B SPEED XMTR
TC 105 23-4 SLURRY PREHEATER OUTLET TC
TIES INTO VENDORS PKS
TC 167 P3-5 HP FLASH DRUM SLURRY TEMP CONT
m™C 32 P3-6 FILTER FEED FLASH VSL TEMP CONT
TC 33 P3-7 PRFCOAT SLURRY PPESS VSL TEMP CONT
TC 40 P3-7 FILTER SOLVENT SPLY EXGR A NUTL TEMP CONT
TC 45 P3-7 FILTER SOLVENT SPLY EXGR B OTTL TEMP CONT
TE 105 P3-4 SLURPRY PREHEATER OUTLET TE
R 315 P3-5 DISSOLVER B TEMP REC
TE 1382 23-5 DISSOLVER A TEMP ELEM A-H
TE 157 P3-5 HP FLASH DRUM SLURRY TEMP ELEMNM
TE 17 P3-5 RECYCLE CONDENSATE SEPARATOR TEMP ELENM

T® 174 P3-5 INT P FLASH DRUM SLURRY TEMP ELEH



ERDA COAL CONYEXSION INSTRUMENTATICN REVIEW FOR THE SRC PPOCESS
INSTRUMENTS WAICH ARE ACCEPTABLE IN SCALED UP PLANTS (CONTINU&D)

REVICE FPLOW SHEET MEASUREMENT NAMT / COMMENTS
I.D. HO. S2C
TE 139 P3-&E FILTER FEED SURGE VSL TEMP ELEM
T2 2113 P3~-4 RECYCLE HYDROGEN SCRYUBBIR 0UTL TEMP ELEHM
TE 2200 P3-6 FILTER FEED FLASH RCIRC EXGR LIQ HYDROCARBONS INLT TEMP ELEM
TE 2219 p3-7 FILTER SOLVENT SPLY EXGR B INLT TEYP ELENM
TE 2273 P2-65 FLASH COND SFPARATOR 1 TEMP ELEM
TE 2274 P3-6 FLASH COND SEPARATOR 2 TEMP ELEM
TE 2237 P3-4 SLURRY PREHEATER INLET TE
TE 2302 P3-19 MINERAL RESILCUE COOLER OUTI TEMP ELEM
TE 2319 P3-10 REGFNERATOR BED TEWPERATURE ELENENT
TE 23211 P3-6 WATER BOOSTER PMP DISCH TEMP ELEM
TR 2312 P3-4 SLURRY PREHEATER STACX TE
TE 32 P3-6 FILTEF FEED FLASH VSL TEMP ELEM
TE 33 P3-7 PRECOAT SLURRY PEESS VSL TEMP ELEM
TE 49 P3~7 FILTEP SOLVENT SPLY EXGR A OJTL TEMP ELENM
TE 45 P3-7 FIL TEEF SOLVENT SPLY EXGR B OUTL TEMP ELEM
TE U6 P3-7 PRECOAT ROTARY DRUM FLTR A TEMP ELEH
TE 48 B3-7 PRECOAT ROTARY DRUM FLTR B TENP ELEHM
TR 799 B3-5 HP FLASH DRUM VAPOR TEMP ELEY
TE 94 p3-14 SLURRY PREHEATER STACK TE
TE 35 PI-Y SLUPRY PREHEATER INLET TE
TE 96 P3-4 SLUPRY PREHEATER TE
TE 27 P3-4 SLUEKRY PRE FEATER TE
TIC 2310 P3-10 DRYER CONDENSATE COOLER OUTL TEMP IND CONT
VE 2233 P3-7 PRECOAT ROTARY DPUM FLTR A SLURRY INLT VISCOSITY ELEM
VE 2234 P3-7 PRFCOAT ROTARY DFUM FLTR B SLOURRY INLT VISCOSITY ELEM
VT 2231 P3-5 INT P FLASiH DRUM SLURRY OUTL VISCOSITY XMTH
V2> 2233 P3-7 PPECCAT ROTARY DRUM FLTR A SLURRY IFLT VISCOSIIY XIMTR
VT 2234 P3-7 PRECGAT ROTARY DRUM FLTR B SLURRY IWLT VISCOSITY XMTR
wX 1001 P3-10 Mis5C WFIGH SYSTEMS ILIEGIBLE REPRO~ NO ENTRY
XA 1003 P3-7 3 UNLISTED ANNUNCIATORS
Xa 1008 P3-10 8 MISC ANNUNCIATORS UNLISTED
XF 1002 P3-4 2 MISC FLOW DEVICES UNLISTED
XF 1607 P3-5 7 UWLISTED FLOW DEVICES
X¥ 1098 P3-6 8 UNLTISTED FLOW DEVICES
AL 1005 P3-10 5 UNLISTED LEVEL D®VICES
1

e 1010 P3-6 ) UNILISTED PRESS DEVICES
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ERDA COAL CONVEXSION INSTRUMENTATION REVIEW POR THE SRC PROCESS
INSTRUMENTS WHICH ARE ACCEPTABLE IN SCALED TP PLANTS {(CONTINULD)

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENTS
I.n. NO. SRC

Xp 1012 P3-1J 12 MISC UNLISTED PRESSURE DEVICES

XP 1015 P3-4 15 UNLISTED COMMON PRE3S DEVICES

XP 1015A P3-7 15 MISC PRESS DEVICES UNLISTED

iT 1002 23~0 2 MISC TEMP DEVICES UNLISTED

XT 1004 p3-10 4 TWLYSTED TEMP IND

XT 1007 P3-6 12 UNMLISTED TEMP DEVICES

XT 1009 P3-7 9 UNLISTED TEMP DEVICES

XV 1325 P3-10 25 MISC VENDOR FURNISHED DEVICES ON ROTARY £ILN
XX 001 P3-3 AREA 21 COAL RECEIVING & PREPARATION, DEVICES UNLISTED

APPROX 50 DEVICES UNLISTED~~PRESS LVL SW3 ETIC
DRAWING POOR REPRO EST APPROX U40% VENDOkK PKGS
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ERDA CORL CONVER SION INSTFUMENTATION REVIEW FOPR THE SYNTHANE PRICESS
INSTRUMENTS WHICH AFE ACCEPTABLE IN SCALED UP PLANTS

DEVICE FLOW SHEET MEASUREMENT NAME / COMMENTS
I.D. NO. LCO
ARH 208 02005E=> ACID GRS ABSORBER HEIGH CD2 AL2ZRM
AR 208 02005E-5 ACID GAS ABSORBER RAW GAS ANALYSIS [ SCORDER
AR 20L7 C20C5%-5 ACID GAS ABSORBFER PAW GAS ANALYSIS LECORDER
FAL 212 N2005F-5 MAJOE P,.P,C. CIRC LOW FLOYW LLRARM
FCV 209 02005n-4 ABSORFEF FFED INLRT FLOY CONTROL VALVE
FDIC 2C9 02005D-4 ABSOFBER FEED DIFFL FLOW INDITATTNG CONTROLLEL
FI 242 0200%3E-% ACYD GAS ABSORBERF RAW GAS FLOKW INDICATOR
FIC 212 02005E-5 MAJOE H,P.C, CIRC FLOW IND CONT
FR 209 62G05D-4 ARSOEBER FEED INLET FLOY¥ RECOBDER
FRC 210 0200504 ABSORBFR FEZD INLET FLOW RECOKDER CONTROLLEK
LAHL 206 020G5E-5 ACID GRS ABRSORBER HIGH LEVEL RLARY
LIC 206 02005E-5 ACID GAS ASORBER LEVEL INDICATING CONTROLLER
LLL 402 04L0O05A-4 CHAT LOCK HOPPER 1OW LEVEL LIGHT
PAR 267 02005A-~-4 PRETREATER HIGH PRESSURE ALARHM
PAN 206 02005E~5 ACID GAS ABSORBER RAV GAS PRESS ALARM
PB 228 0200%a-~-4 GASIFYER CHAR COOLE? EFFLU®ENT STEAM CONTROL PUSHBUTTON RESET
BC 242 N20058-5 THERMAL OXIDIZER STACK INLET PRESS CONTROLLER
PDI 222 N2G66G5n-4 STEAM FILTEE DIFFL PRESS IND
PDT 223 02005D-4 STEAM FILTEER DIFF! PRESS INDICATOR
BPDT 232 02CO5E-5 H.P.C FILTEERE DIFFL PRESS3 IND
PDT 255 02005A-1 PRETEATER DIFFL PPESS IND
PI 224 02095p~-4 STEAM FILTER PRESS INDICATOR
PI 225 02005D-4 STEAN FILTEER PRESS INDICATOR
PT 227 0206050-4 ABRSOFEER FEED INLET DRESS IND
PI 229 N2005p-4 SHIFT CONVERTEDR DSCH PRESS INDICATOR
PT 287 12005A-4 LALTERNATE PRETREATER PPESS IY¥D
PIC 206 020N05E-5 ACID GAS ABSORBHER RAW GAS PRESS IND CONT
PS 401 g0u62a-1 CHAR LOCK HOPPER PRES3 SWIICH
CHECK PROCESS
SC 205 N2J305R=5 ACID GAS ABSORBER SAMPLE COOLER
SC 208 020058E=5 ARSOFBENT REGNTE CORBONATE LIQUID SAMPLE COOL:R
sC 209 02005E-5 ABSOREENT REGENERMPTOR SaMPL™ COOLER
SW 209 02005D-14 ABSORBER FFED INLET SELZZTOR SAITCH
Sw 254 N2005A-4 PRETREATER SELECTOR SAITCH
SW 255 02005A-4 PRETREATER SELECTOR SWITIH
SW 267 02005A-1 PRETREATER SELECTOR SWITCH
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ERDA COAYL CONVRRSION INSTRUMENTATION REVIEW FOR TEE SYNTHANE PROCESS
INSTRUMENTS WHICH ARE ACCEDPTABLE TN SCALED UP PLANTS (CONIINULD)

DEVICE FLOY SHEET MEASUREMENT NAME / COMMENIS
I.D. NO. .Co

TAH 215 n20905D-4 SHIFT COMVERTER HIGH TEMPERATURE ALARM

TE 293 A 0200544 PRETREATER TEMPERATURE ELEMENT

™I 2CH 02005A-4 PRETREATER TEMPERATURE INDICATOR

TL 2973 02005D-4% SHIFT CONVERTER ATMOSPHERTC YENT TEMPERAIURE INDICATOR
=T 200D4 n20050-4 SHIFT CONVERTER TEMPERATURE INDICATOR

TR 255 020054-4 PRETRFATER TEMPERATURE RECORDER

VPL 40u4B O4JI0SA-4 CHAR LOCK HOFPER FILTER VALVE POSITIONER LIGHT
XF 1030 02005a-u 6 UNLISTED FLOW DEVICES

XF 1060 0200504 2 UNLISTED F1LOW DEVICES

XL 1630 02005A-4 3 UNLISTED LEVEL DEVICES

XL 106U 02005D-4 3 URLISTED LEVEL DEVICES

1P 1030 0233540 14 ONLISTED PRESSURE DEVICES

XP 1050 02005D-4 8 URLISTED FRESSURE DEVICES

XS 1030 4 ONLISTED SWITCHES

X7 1330 02005A~14 14 UNLISTED TEMPERATURE DEVICES

T 1060 02005D-4 B8 UNLISTED TEMP LEVICSS

X 1079 020058-5 48 MISC UNLISTED DEVICES

XX 1120 N40S5a~-u 73 MISC UNLISTED DEVICES

MOST OF THESE DEVIC®S WILL SCALE 9P
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ERDA COAL CONVERSION INSTPUMENTATION REVIEW FOR THE COED PEOCESS
INSTRUMENTS WHICH ARE NOT ACCEPTABLE IN SCALED UP PLANTS

DEVICE FPLOW SHEET MEASUREMENT NAME / COMMENTS
i.D. WO. 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 002°T 112-3 RECYCLE GAS ANALYTICAL TEANSMITTER
FT 001 111=-5 PYROLYSIS GAS TO INCINERATOFR 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 SCROUOB LIQUOR TO GAS LIQUID SEPARATOR FLOW TRANSMITTER
CHK PRDC COND
PT 225 111-6 30 K¥ BECYCLE GAS HEATER INLET FLOW TRANSMITTER =
INSTRUMENTS OK HEATING ELEMENT NG A
FT 235 111-6 30 KA RECYCLE GAS HEATER INLET FLOW TRANSMITTER =
INST OK HEATEP NG
FT 236 111-5 30 KW EECYCLE GAS HEATER INLET FLOW TRANSMITTER
INST OK HERTER WG.
FT 245 111-7 1) KW RECYCLE GAS HEATER INLET FLOW TRANSMITTER
FT 2438 111-7 30 KW RECYCLE GAS HEATER INLET FLOW TRANSMITTER
T 310 111-8 VENTURT SCRUBBER SCRUB LIQUOR INLET FLOW TRANSMITTER
CHE PPOC COND
FT 311 111-8 GAS/LTIQUID SEPARATOR SCRUB LIQUOR INLET FLOW TRANSMITTER
CHK PFOC COND
FT 315 111-8 VEXNTURI DEMISTER SCRUB LIQUOR TNLET PLOW TRANSMITTER
CHK PROC COND
FT 419 112-3 RECYCLE GAS FLGW TREANSMITTER
PROC APPLICATION
FT 437 112-3 PURGE & VENT GAS FLOW TRANSMITTER
PFOC APPLICATION
FTT 002 111-8 SECOND STAGE GAS CONMPRESSOR SUCTION TOTALIZING FLOW XMTR
CHK PROC COND
LC 217 111-5 OIL/WATER DECANTER LEVEL CONTROL TRANSMITTER
EXISTING SYS WORKS. SCALE-UP DOUBTFUL.
LC 330 11-9 OIL/WATER DECANTER HEAVY OIL LEVEL CONTROLLER

CHK IRTERFACE



ERDA COAL CONVEISINN INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICH ARE NOT ACCEPTABLE IN SCALED UP PLANTS (CONIJNUED)

DEVICE FPLOW SHEET BEASUREMENT NAME / COMMENTS

I.D. WO, BKC 2383

LC 331 111-9 OIL/WATER DECANTER LIGHT O0IL LEVEL CONTKOLLER
CHE INTERFACE

LC 389 111-10 ROTARY PRESSURE PRECOAT CRUDE OIL PILTER LEVEL CONTROLLER
CHK PROC

16 001 111-5 OIL/WATER DECANTER LIGHT OIL LEVEL GLASS
SEE 1LC 217

1G 002 1115 OIL/HATER DECANTER HEAVY OIL LEVEL GLASS
SEE LC 217

LG ¢03 111-9 OIL/WATER DECANTER LIGHT OIL LEVEL GLASS
CHK INTERFACE

LG COUu 111-9 OIL/WATER DECANTER HEAVY OIL LEVEL GLASS
CHK INTERFACE

LIC 217 111-5 OIL/LEVEL DECANTER INDICATING LEVEL CONTROLL ER

, SEE LC 217

LT 210 111-1 FIRST STAGE PYROLIZER FLUID BED HI LEVEL TRANSHMIITER
CHECK PROC COWD

LT 220 111-6 SECOND STAGE PYROLYZER FLUID BED MID LVL LEVEL TRANSMITTER
INST OK SCALE UP SHOULD BE IMPROVED

LT 239 111-6 THIRD STAGE PYROLYZER FLUID BED HI LVL LEVEL TRANSMITTER
INST OK IMEFROVE FOR SCALE UOP

LT 240 111=7 FOURTH STAGE PYROLYZER FLUID BED LEVEL TRANSMITTER
IMPROVE FOEK SCALE-UP

1T 340 111-9 HEAVY OIL DEHYDRATOR LEVEL TRANSMITTER
CHK INTERFACE

LT 350 111-9 OTIL DEHYDRATOK LEVEL TRANSMITTER
CHEK INTERFACE

LT 360 111-9 OTIL STORAGE TANK B LEVEL TRANSMITTER
RELATE TO GEKERAL UPDATE REVIEW

LT 361 111-9 OIL STORAGE TANK B LEVEL TRANSMITTER
SEE LT 360

PDT 152 111-4 FIRST STAGE PYROLYZER COAL FLOW D/P TRANSMITIER
CHECK PROC. CONWD

PDT 202 11146 SECOND STAGE PYROLYZER FINES FLOW D/P TRANSMITTER
INSTRUMENTS WORK WELL. IMPROVE FOR SCALE-UP

PDT 208 111-5 RECYCLE GAS PRESSURE DIFFERENTIAL TRANSMITTER

INSTRUMENT OK. SCALE-UP DOUBTFUL
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ERDA COAL CONVER SION INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUNENTS WHICH ARE NOT ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE FLOW SHEET MEASUREMENT NAME / COMMEBETS

I.Db. WO, BKC 2383

PRT 209 111-5 PYROLYSIS GAS DIFFPERENTIAL PRESSURE TRANSMITTER
INSTRUMENT OK SCALE UP DOUBTFUL

PDT 211 111-4 FPIRST STAGE PYROLYZER PLUID BED MID LVL D/P XMIR
CHECK PROC COND

PDT 212 111-4 FIRST STAGE PYROLYZER CYCLONRE A PURGE D/P XMTR
CHECK PROC. COND

PDT 213 111-4 FIRST STAGFE PYROLYZER PURGE LINE DIFFERENTIAL PRESS XMTR
CHECK PROC. CORND

PDT 214 111=4 FIRST STAGE PYROLYZER FLUID BED LO LVL D/2 XMTR
CHECK PROC COND

epT 215 111-4 FIKST STAGE PYROLYZER CYZLONE B LVL D/P TRANSMITTER
CHECK PEOC COND

PDT 216 111=5 RECYCLE GAS DIFFERENTIAL PRESSURE TRANSMITIER
INSTRUMENT OK SCALE-UP DOUBTFUL

PDT 221 111-6 SECOND STAGE PYROLYZER FLUID BED LO LVL D/P TRANSMITTER
INST, OK IMPROVE FPCP 3CALE-UP

POT 223 111-6 EXTFRNAL CYCLONE PYROLYSIS GAS INLT PLOW D/P TRANSMITTER
INST OK INPROVE FOR SCALE-OP

pPDT 227 111-6 SECOND STAGE PYROLIZER COAL FLOW D/P TRANSMIITER
INST OF IMPROVE FOR SCALE-UP

2DT 231 111-6 THIPD STAGE PYROLYZER FLUID BED MID LVL D/P TAANSMIITER
INST OK IMPROVE FOR SCALE-UP

enT 232 111-6 THIFD STAGE PYROLYZER TOP/DSCH D/P TRANSMIITER
INST OK YMPEOVE FOR SCALE-UP

PDT 233 111-6 SECONC STAGE PYROLYZER FLOID BED GRATE LVL D/2 IndANSMITTER
INST OK IMPROVE FOR SCALE-TUP

PDT 235 111-¢ SECOND STAGE PYROLYZER MIXED COAL FLOW D/P TRANSMISTTER
INST OK IMPRNDVE FOR SCALE-UP

PDT 236 111-7 POURTH STAGE PYROLYZFR PYROLYSIS GAS DSCH D/P TRAHNSMITTER
IMPROVE FOR SCALE-UP

eDT 237 111-6 THIFD STAGE PYPROLYZER CHAR INLT FLOW D/P IRANSMIITER
INST OK IMPROVE FOR SCALE-UP

PDT 2u1 111-7 FOORTH STAGE PYROLYZER FLUID BED MID LEVEL 0/P TRANSMITTER
IMPRCVE FOR SCALE-UOP

PDT 242 111-7 FOURTH STAGE PYROLYZER HI LVL DIFFERENTIAL PRESSURE XMTR

IMPROVE FCR SCALE-UP
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ERDA COAL CONRVERSION INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICH ARE NOT ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE F1LOW SHEET MEASUREMENT NAME / COMMENIS

I.D. NO. BKC 2383

PDT 243 111-6 THIRD STAGE PYROLYZER FLUID BED LO LVL D/P TRANSMIITER
INST OK IMPROVE FOR SCALE-UP

2DT 245 111-6 TRIRD STAGF FYROLYZER COAL/CHAR INLT FLOW D/P TRANSMITTER
INST OK IMPROVE FOR SCALE-UP

PDT 249 111-7 FOURTH STAGE PYROLYZER FLUID BED LO LVL D/P TRANSMITER
IMPROYE FCR SCALE-UP

PDT 272 111-6 SECOND STAGE PYROLYZER CYCLONE B LVL D/P TRANSMITTER
INST OK IMPROVE FOR SCALE-UP

PDT 318 t11-8 PYRCLYSIS GAS DIFFERENTIAL 2RESSURE TRANSMITTER
CHK PROC COND

PDT 319 111-8 GAS/WATER SEPARATOR PYROLYSIS GAS LINE D/P TRANSMITTER
CHK PROC COND

PI U1 111-3 VELOCITY SEPARATOR DISCHARGE PRESSURE
CHECK PROC COWD i

PI 037 111-6 EXTERNAL CYCLONE PYROLYSIS GAS INLT PRESS IND °
INST OK IMPROVE FOR SCALE-UP

BT 219 111-4 FIRST STAGE PYROLYZER CYZLONT B PRESS TRANSMITTcA
IMPROVE FOR SALE UP

PT 220 111-6 SRECOND STAGE PYROLYZER CYCLONE B LVL PRESSURE ThRANSMITTER
INST OK IMFROVE FOR SCALE-TP

oT 230 111-6 THIPD STAGE PYROLYZER CYZLONE B LVL PRESSUEZ IRANSMITTER
INST OK IMPROVF TOR SCALE-OUP

5 295 111=4 10 K% RECYCLE GAS HEATER TRIP
RECOMMEND BETTER HTR

s 219 111-4 1.5 K% RECYCLE GAS HEZATER TRIP
RECOMMEND BETITFR HTR

5 225 111-6 30 KW PECYCLE GAS HEATER HIGH SHEATH TE™MP TRIP
INST OK RECOMMEND BETTEY HEATER FOR SCALE-UP

3 235 111-6 30 X9 FECYCLE GAS HEATER HI SHEATH TEWMP S5WIICH
INST OK RECOMMEND BETTER HEATER FOR SCALE-UP

S 236 111-6 30 KW RECYCLE GAS HEATER SHEATH TEMPERATURE HI SWIICH
INST. OK REVIEW FOR BETTER HTR

S 2u5 111-7 10 Xd BECYCLE GAS FZATER ALAZY
RFCOMMEND BETTER HTR

S 2046 111-7 25 KW OXYGEN HEATER HI SHEATH TEMPERATURE ALARM

RECOMMEND BETITER HTP



ERDA COAL CONVER SION INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICH ARE NOT ACCEPTABLE IN SCALED UP PLANTS (CONTINUED)

DEVICE
I.D. NO,

S 2407
S 2u8

*C 205

TC 235
TC 245
TC 246
TC 247
TC 248

TI 041
"IC 205

TIC 225C
TIC 219
TIC 219C

TIC 225

FLOW SHEET
BKC 2383

111-7
111-7
111-4
1M1-4
111-6
111-6
111-56
111-7
111-7
111-7
111-7

111-9
111-4

11«4
111-4
111-4
111-6

111-6

MEASUREMENT NAME / COMMENIS

35 KW STEAM SUPERHEATER HI SHEATH TEMP ALARM
RECOMMEND BETTER HEATER

30 KW RECYCLE GAS HEATER HI SHEATH TEMWP ALARM
RECOMMEND BETTER HTR

10 KW RECYCLE GAS HEATER TEMPERATURE CONTROLLER
RECOMMEND BETTER HTR

1.5 KW RECYCLE GAS HEATER TEMPERATODRE CONTROLL ER
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 RECOMMTEND BETTER HTR

30 KW RECYCLE GAS HEATFR SHEATH TEMPERATURE
INST OK RECCMMEMD BETTER HTR

10 KW RECYCLZ GAS HEATER TEMPERATURE CONTIROL
RECOMMEND BETTER AIR

25 KW OXYGEN HEATER SHTATH TEMP CONTROL
RECOMMEND BETTFR HTR

35 KW STEAM SUPERHEATER HI SHEATH TEMP CONTROL
RECCMMEND RETTER HTR

30 KW RECYCLE GAS HEATER HI SHEATH TEMP CONI
RECOMMEND BETTER HTP?

OI1 /WATER DECANTER HEAVY OIL TEMPERATURE INDICATOR

10 KW RECYCLE GAS HEATER OUTLET TEMPERATURE CONT&OLLER
RECOMMENL BETTER HEATER

1) XW FECYCLE GAS HEATER INLET TEMPERATURE CONTIROLLER
RECOMMEND BETTER HTR

1.5 KW RECYCLE GAS HEATER OUTLET TZMPERATURE CONTROLLER
RECOMMEND BETTER HTR

1.% K¥ RECYCLE GAS HFATER INLET TEMPEEATUHL CONTsOLLER
RECOMMEND BETTER HTR

30 KW RECYCLE GAS HEATER OUTLET TEMPERATUH#E INDICATING CONT
RECOMMEND BETTEER HTR

30 KW RECYCLE GAS HEATER INDICATING TEMP CONTROL
RECOMMEND BETTER HTR

30 KW RECYCLE GAS HEATER JUTLET INDICATING TEMg CONIROL
EECOMMEND BETTER HTR

S6-4



DEV
I.D

TIC

TIC

TIC
TIC
TIC
TIC

TIC

ws

s

s

ERDA COAL CONVEt STON INSTRFUMENTATICN REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICH ARE NOT ACCEPTABLE IN SCALED UP PLANTS (CONTINUED;

ICE
. NO.

235C
236
236C
247C
2u8
248C
350

360

239
235

236

FLOW SHEET

BKC 2383
111-6
111-6
111-6
111-7
111=7
111-7
111-9
111-9
111-9
111-€
111-6
111-8
111-¢
111-6
111-3
111-5
111-6

111-9

MEASURENMNENT NAME / COMMENTS

30 K¥ RECYCLE GAS HEATER INDICATING TEMP CONTROL
RECOMMEND BETTER HTR

30 KW BECYCLE GAS HEATER OUTLET INDICATING TE4P CONTROL
RECOMMEND BETTER HEATER

30 KW RECYCLE GAS HEATER INDICATING SHEAIH TEMP CONTROL
RECOMMEND BETTER HTR

35 KW STEAM SUPERHEATER SHEATH TEMP INDICATING CONIROL
REFCOMMEND BETTER HTR

30 KW RECYCLE GAS HEATER OUTILET TEMPERATURE IND CONTROL
RECOMMERD BETTER HTR

30 KW RECYCLE GAS HEATER HI SHEATH TEMP IND CONTROL
RECOMMEND BETTER HTR

OIL DEHYDRATOR TEMPERATURE INDICATING CONTROLL ER
CHK PROC

OIL STORAGE TANK A TEMPERATURE INDICATING CONIROLLER
CHK PROC

0I1 SOTRAGE TANK B TEMPERATCRE INDICATING CONIROLLER
CHEK PROC

SECCND STAGE PYROLYZER FLUID BED HI LVL IEMP TRANSMITTER
IMPROVE FOR SCALE-UP

30 KW FECYCLE GAS HFATER OUTLET TEMPERATURE TRANSMITTER
PECOMMEXD EETTER HEATER

THIRD STAGE PYROLYZER FLOID BED TEMPERATURE TRANSMITTER
I¥PFOVE INSTRUMENTATION FOR SCALE-UP

30 ¥V RECYCLE GAS HEATER OUTLET TEMPERATURE TRANSMIITER
EECOMMEYD BETTER HEATER

3" KW RECYCLE GAS HEATER DUTLET TEMPERATUKE IaANSMITTER
RECOMMEND BETTER [IEATER

PUTVEFIZED CORL YEIGH HOPPER W-U48154
FLOW MEASUREMENT FOR COMMERCIAL PLANIS

FIFST STAGE OTIL YEIGH SCALE
CONTINUOUS FLOW MSMI FOR COMMERCTIAL PLANIS

FINES WEIGH SCALE W-48303
CEFCK VOLUME FOR FOLL SCALE OPERATION

PRCDUCT OIL WEIGH SCALE 7-48363
KEQUEST VOL/TON FROM COED PILOT PLANT

96-d



ERDA COAL CONYERSION INSTRUMENTATION REVIEW FOR THE COED PROCESS
INSTRUMENTS WHICH ARE NOT ACCEPTABLE IN SCALED UP PLANTS (CONIINUED)

DEVICE FLOW SHEET MEASUREMENT NAMZ / COMMENTS
I.D. NO. BEKC 2383
7S 006 111-10 FILTER FEED TANK WRIGH SCALE ¥-48393
REQUEST DATA FROM SITE LBS/TON COAL FEED
WS 0C7 112-1 0IL FEED TANK WEIGH SCALE W-48409A
REQUEST LB/HR/TON COAL FEED
¥s 068 112-1 0IL FEED TANK WEIGH SCALE *-484C9B
REQUEST LE/HF/TON COAL FEZID
We 009 112-2 LIGHT GIL TANK WEIGH STALE 7-u8u432
ESTIMATE FOR 250 I/D °PLANT 3 TO 5 GPH
s 010 t12-3 HEAYY OIL PRODUCT TANK WEIGH SCALE W-484474
ESTIMATE 250T/D PLANT 7 TO 10 GPM TOTAL FLOW
Ws 011 112-3 HEAVY OIL PEODUCT TANK WEIGH SCALE W-48447B
SEFE W5 010
WS 012 WASTE WATER TANK VEIGH SCALE W-48470

EEQUEST DATA FROM SITE LBS/TON COAL FEED

L6~1



FRDA COAL CONVE SION INSTRUMENTATION REVIEW FOR THE C02 ACCEPTO« PROCLSS
INSTRUMENTS WHICH ARE NOT ACCEPTABLE IN SCALED UP PLANTS

DEVICE
I.C. KO.

AT 3002

AIT 2001
AIT 2992
ATT 3000

AIT 30M
AN 3222
¥ 3001
AR 3NNT
AR 3001
ASL 1G02
AT 3002
CPIT 2079
DPSL 2045

DPSL 20u6
DPSI 2047
DPSL 2048
DPSL 20469
DBPT 1001
DPT 1002
op™ 1003
DPT 29000
nPT 2001
DPT 200 1HL
LDPT 2002
DPT 2002HL

FLOW SHEET
SRC

208

205
205
208

208
209
298
208
208
208
208
203-1
203-1

233-1
2031
203-1
2C 3-1
2012

202

202

203-1
263-1
203-1
203-1
203-1

MEASUREMZINT NAMNE / COMMLNIS

S02 SCPUBBER WST WT® OQUTL PH ANALYSIS IND
SFE AT 3002
RG CYCLONE FLUE GAS OUTL 02 AWALYSIS IND XMIR
RG CYCLONE FLUE GAS OUTL CO ANALYSIS IND XMTR
RG QUENCHER QUENCHED FLJFE GAS OUTL CO02 ANALYSIS IND XM™R
CHECK MFF, SERVICE, TROUBLE
ABSORBER CONDENSER 2UTL SAMPLE ANALYSIS IND XMTk
CHK MFR,SERVICE,AND TROYBLE AL5S0 CHECK AP?LICATION
RG QUEFCHER CUENCHED FLUE GAS OUTL 02 ANALISIS XDCRK
SEF. AIT 3000
ABSNRBER CONDFNSER OUTL SAMPLE ANALYSIS XDCR
SEE AIT 3001
RG QUENCHEP QUENCHED FLUE GAS OUTL CO2 ANALYSIS ReC
SEE AIT 3000
ARSOFBER CONDENSER OOTL SAMPLE ANALYSIS uiCORDER
SEE ATT 3001
S02 SCRUBBER WST WTFR OUTL LO PH SW
SFE AT 3002
S02 SCEUBBER VST ¥TR NUTL PH ANALYSIS XMIA
SEE IF PAPTICUTAR DEVICE IS APPLICABLE IO FLUID
PURGE GAS B D/P INDICATING
INSTRUMENT LINE-J? IS QUESTIONABLE,ESPECIALLY ON H2
DEVOLATILIZER DIFFRRENTIAL PRESSURE SWITCH LOW
CHECK APPLICATION
DEVOLATILI ZFR/CYCLONE D3SCH DPRESS/RECYCLE GA3 D/P SWITCH HIGH
DEVOLATILTIZEF /FLUE GAS D/P SWIT™CH LOW
GASIFIFR DOLOMITE LIVEL D/P STITCH
PECYCLE GAS/SPENT CHAR LINE 7.7 SWITCH LOw
LIGNITE PRHTR BED LVL D/P XMTR
LIGNITE PRHTR BED LVL D/P X"TR
LIGNITE PEHTER BED LVL D/P XMTR
DEVCLATILIZER TOP/FLUE GAS D/P TRANSMITTER
GASIFIER SPENT DOLOMITE POT LEVEL D/P TRANSMITTER HIGH
DEVOLATILIZER PLUID BED LEVEL D/P TRANSMITTER
DEVOLATILIZEER FLUID BED LEVEL
GASIFIFR SPENT DOLOMITE LEVEL D/P TRANSMITTZR H1I/LO

B6-d



ERDA COAL CCNVERSION INSTRUMENTATION REVIEWY FOR THE CO2 ACCEPTOR PEOCESS
INSTRUMENTS WHICH ARE NOT RCCEPTABLE IY SCALED UP PLANTS (CONTINUED)

DEVICE

I. Dl

DPT
DPT
beT
LPT
DPT
DPT
DPT
DEPT
bPT
DPT
DPT
DPT
DPT
DPT
GPT
oeT
DPT
ce?
npT
DP7T
P
nepm
DPT
aPT
TPT
2T
DPT
IPT
DPT
peT
npT
nDeT
DPT
peT
DPT
D2T

NO.

2003
2C02HL
2094
2005
2005HL
2006
2007
2508
2009
2010
2913
2314
2021
2022
2n25
2026
2027
2928
2029
2930
2931
22132
2033
2934
20133
2236
2037
2043
2544
2070
2073
2074
2078
2076
2077
2078

FLOW SHEET

SRC

203-~1
203-1
203-1
203-1
203-1
203-1
203-1
2731
203-1
203-1
203-1
203-1
203-1
2031
20 3-1
203-1
20:3-1
203-1
203-1
203-1
2193-1
20 3-1
203-1
2031
202-1
233-1
2G3-1
203-1
203-1
203-1
203-1
203-1
203-1
203-1
203-1
203-1

MEASUREMENT NAME / COMMENIS

DEVOLATILIZER FLUID BED LEVEL D/P TRANSMITTER

GASIFIER DOLOMITE POT LEVEL HIGH D/P TRANSMITIER
DEVOLATILIZER SPENT DOLOMITE POT LEVEL D/P TRANSMITTER
DEVOLATILIZER SPENT DOLOMITE POT LEVEL D/P TRANSMITIER
GASIFIEP FLUIDIZED BED LEVEL D/P TRANSHITTER

DOLOMITE DUMP HOPPER LEVEL D/P TRANSMITTER

SPENT DOLOMITE LINE D/P TRANSMITTER

DOLOMITE LINE D/P TRANSMITTER

DOILOMITE LINE D/P TRANSHMITTER

DOLOMITE LINE D/P PRESSURE

COKE/CHAR LIFT LINE D/P TRANSMITTER

GASIFIER CHAR DISCHARGE LINE DIFFERENTIAL PRESS XNIR
SPFNT DOLOMITE/LIFT GAS D/P TRANSMITTER

SPENT DOLOMITE LINE D/7P TRANSMITTER

DOL7MITE SUPPLY LINE D/P TRANSMITTER

DOLQMITE SUPFLY LINE D/P TRANSHMITTER

SPENT CHAR LINE DIFFERENTIAL PRESSURE TRANSMITTER

SPENT CHAR LINE DIFFERENTIAL PRESSURE TRANSMIITER

SPENT CHAR DSCH LINE PRESSURE TRANSMITTER

PROCESS GAS 1/2 DIFFEFENTIAL PRESSURE TRANSMITTER
GASIFIER PLUID BED LEVEL DIFFERENTIAL FRu3S5URc ;RAN:HITTER
GASIFTIEP FLUID BED LEVEL DIFFERENTIRAL PRESSURE XMNTH
GRSIFIFF FLUID BED LEVEL D/P TRANSMITTER

GASIFIER SPENT DOLOMITE BED LEVEL D/P TRANSMITTER HI/LO
GBSTFIFP SPENT DCOLOMITE BED LEVEL D/P TRANSHMIILER HL/LO
COKE LINE DIFFERENTIAL PRESSURE TRANSMITILR

SPENT DOLOMITE LINE DIFFERFNTIAL PRESSURE TRANSMITTER
DEVOLATILIZER D/P TRANSHITTER

PROCFSS GAS 1/2 DIFFERENTIAL PRESSURE TRAKRKSMII IR
GASIFIER FIOIDIZED BED LEVEL D/P TRANSMIITER
YEGENERATOR FLUID BED LEYEL D/P TRANSMITTER

REGENFRATCF FLUID BED LEVEL D/P TRANSMITIEK

REGENFRATORK PLUID BED LEVEL D/P TRANSMITTER

REGENEEATOK FLUID BED LEVEL D/P TRANSMITIER
EEGENERATOFR FLUID BED LEVEL D/P TRANSMITTER

GASIFIER SPENT DOLOMITE BED LEVEL D/P TRaNoMlileck Hi/LO
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ERDA COAL CONVEISTON INSTRUMENTATION REVIEW FOR THE CO02 ACCEPTUR PHOCESS
INSTRUMENTS WHICH ARF NOT ACCEPTABLE IN SCQALED UP PLANTS (CONTINUED)

CEVICE PLOW SHEET MEASTREMENT NAME / COMMENIS
I.D. NO. SERC
¥I 1019 213-2 LIGNITF PEEHEATER BED LEVEL D/P LINE PURGL FLUW LND

ASSOC INSTRUMENTS ON B201,202 & 203-1 FREQUENTLY SHOW
LOCATIONS DIFFERENT PEKOM 203-1,INDICATINSG A& CLOSER SCRUTINY
OF FURGE FLOW INDICATORS IN PLANTS

FI 2087 203-1 REGENERATOR DOLOMITE DSCH FLOW INDICATOF
SEE TE 2317
T 2139 203-1 PURGE GAS BE-H2-FLOW INDICATOR
SEE DPTT 2079
FR 2134 203-1 PUFGE GAS B FLOW RECORDER
FT 2134 n3-1 PJRGE GAS B FLOW TERANSMITTER
LC 3010 236 GF QUENCH SEPARATOR WASTE OIL LVL CONT
LC 3012 206 GF QUENCH SFPARATOR LVL CONTROLLER
LC 3027 207 DV DQUENCH SEPARATOR LVL CONT
1LC 3035 207 DY QUENCH SEPARATOR LVL CONT
LC 3078 206 GF VENTURI LEVEL CONTROLLER
LCY 200924 203-2 PYROLIZER FLOW CONTRNL VALVE
PART OF PURGE SYSTEM BUT NCT TIFD TO OTHER DEVICES
1CV 230017 2032 PYFCLIZER FLCOW CONWTROL VALVE
HCLD AND REVIEW IN RETRIEVAL
LSH 1000 201 DOLOMITE SILO A LEVEL SWITCH
L1sH 1002 201 DOLOMITF SILO B LEVEL SVITCE HIGH
LSH 1504 201 DOLOMITE BIN LEVEL SWITCH HIGH
LSH 1006 201 DOLOMITE FINES BIN LEVEL SWITCH HIGA
LSH 1011 201 LIGNITFE SURGE BIN LEVEL SWITCH HIGH
MOTOR INTERLOCK
LSH 1014 2¢1 LIGNITE CYCLONF LEVFL SWITCH HIGH
LS4 1027 261 LIGNTTE FI¥ES BIN LEVEL SWITCH HIGH
1LSH 3385a 237 DV YENTUR) d1 LVL S¥
MIGHT BE PROBLEM VITH FINES
L3L 1901 201 DOIOMITE SILO A LEVEL SWIICH LOW
LslL 1093 201 DOLCMITE SILO B IEVEL SWITCH LOW
LSL 1305 201 DOIOMITE BIN LEVEL SWITCH LOW
ISL 1112 201 LIGNITE SURGE BIN LEVEL SWITCH LOW
LT 1699 201 LIGNITE SILO LEVEL THANSMITTER
1T 20M1 203-1 DEVCLATILIZER SPENT DOLOMITE POT LEVEL TRANSMITTuk
LT 2003 203-1 GASIFIEFR SPENT DOLOMITE BED LEVEL TRANSMNIIIER

THRU LIC 2CJ3 TO XCV 2132

00T-4



ERDA COAL CONVEYSTION IWSTFUMENTATTON REVIEW FOR THE C02 AZCEPTOR PROCESS
TNSTRUMENTS WHICH ARE NCOT ACCEPTABL® TN SCALED UP PLANTS {CONTINULD)

DEVICE FLOW SHEET MEASTREMENT NAME / COMMENIS
I.D. NO. SRC
PT 2002 203-1 DEVCLATILIZEF DOLOMITE POT PRESSURE TRANSMIITER
DT 2607 203-1 RECYCLE GhS PRESSUGRF TRANSMITTER
PT 2018 203-1 REGENERATOR DISCHARGE PRESSURE TRANSMI TTER
PT 2025 203-1 GASIFIER D/P LINE PURGE PRESS XMTP
TE 2317 203-1 REGENERATOR DOLOMITE DSCH TEMPERATURE ELEMENT
DOES TEMP VS FLOW PROVIDE DESIRED ACCURACK?
91 2039 205 ASH OUT HOPPER A WEIGHT IND
HI 2031 205 ASE OUT HOPPER B WEIGHT IND
KR 203C 205 ASH OUT HCPPER A WEIGHT REC
¥R 2931 205 ASH OUT HOPPER B WEIGHT REC
WeH 2030 2G5 ASH OUT HOPPER A SFEIGHT SW HI
¥SH 2031 205 ASH OUT HOPPEE B WEIGHT SW HI
WT 2030 205 ASH OUT HOPPER A WEIGHT XMTR
SEE WI+WR 2030
WT 2031 205 ASH OUT HOPPER B WEIGHT XMTR
SEE WI/WR 2031
WT 2032 202 LIGNITE HOPPER A WEIGH XMTR

WT 2033 202 LIGNITE FEEDER B WEIGHT TRANSMITTER

10T-4



ERDA COAL CONVERSION INSTRUMENTATION REVIEW FOR THE HYGAS PROCLESS
INSTRUMENTS WHICH ARE NOT ACCEPTABLE IN SCALED UP PLANTS

DEVICE *L09 SHEET MEASUREMZNT NAME / COMMENTS
i.D. WO, IGT
ATT 405 b,00-1-3J QUENCH TOWER GAS ANALYTICAL IND XMTR
SEE AJV 405
AIT 476 4.00-1-2 QUENCH TOWER GAS ANALYTICAL IND XMTR
SEE AIT 405
ATIT 462 4.00=2-7J CAUSTIC & WATER WASH SCROBBER GAS CO ANALYTICAL IND XMTR
AIT 483 4.00-2-3 CAUSTIC &€ WATER WASH SCRUBBER CO2 ANALYTICAL IND XHIR
AIT 505 5.00-1-3 1ST STAGE QUENCH GAS CO ANALYTICAL IND XMTR
ATT 556 5.00-1-4 1ST STAGE QUENCH GAS H2 ANALYTICAL IND XMTR
RJV 475 4.00-1-3 HY DROGASIFIER EFFL QUE GAS OUTI GAS ANALYSIS SCANNING VALVE
CHECK TYPE USED IGT HAS SPENT MUCH TIME ON GAS ANALYZERS
AJV 406 4,90-1-J QUENCH TOWER GAS CHROMATOGRAPH SCANNING VALVE
FT 3079 3.90-1=7 FEED SLURRY PUMPS SUCTION FLOW XMTR
PT 6685 3.39-3-J SPEVT CHAR SLURRY MIX DRUM DSCH FPLOW XMTR
FE IS A VENTURI-QUESTION PROBLEMS
LT 321B 3.00-2-J HYGRS REACTOR LEVEL TRAVSMITTER &
LTI 407S 4.90-1-73 QUERCH SEPARATOR LEVEL IND XWTR
QUESTION INTERFACE
LyA 112 1.00-1=-23 CNAL LEVEL WEIGHT ALARM
DIRECT SCALZOP UNLIRKELY
DT 3083 3.00=-2-3 HYGAS REACTOR D/P TRANSMITTER
PDT 31578 3.00-2-J CYCILOWME DIP LEG D/P XMIR
CONSIDER MASS FLOW AND TRANSPORT PROBLEMS
PDT 374 3.00-2-7 H#YGAS REACTOR DIFFERENTIAL PRESSURE TRANSMITTER
PI 349s 3.00-1=-J FEED BLOW DOWN DRUM PRESSUGRE IND
WILL DECANTER BE REQUIRED FOR SCALE UF
AIC 112 1.00=1=2 COAL WEIGHT INTEZGRATOR CONTROLLER
DIRECT SCALEUP 40T LIKELY
T 112 1.00-1-4 STZED COAL WEIGHT BELT WEIGHT TRANSMITTER
DIRECT SCALE UP UNLIKELY
Y 112 1.00-1-J TOAL WEIGHT INTEGRATOR
DIRECT SCALEUP UNLIKELY
XD 10037 3.00-1-2 3 UNLISTED DENSITY DEVICES
SLURRY DENSITY MSMT-LIST MFR AWD SERVICE RECORD
XF 1012 3. 00-1-3 12 UNLISTED FLOW DEVICES
REYIEW FOR MASS FLOW
XL 10248 4.00-1-J 24 UNLISTED LEVEL DEVICES

ANY INTERFACE PROBLEMS?

[A0) gt



ERDA COAL CONVERSION INSTRUMENTA
INSTRUMENTS WHICH ARE NOT AZCEP

NONE FOUND

TION REVIEW FOR THE SRC PROCESS
TABLE IN SCALED OGP PLANTS

£o1-4



SRDA COAL CONVER SION INSTEUMENTATION REVIEY FOFR THE SYNTHANE PRICESS
INSTRUMENTS WHICH ARE NOT ACCEPTABLE IN¥ SCALED UP PLANTS

DEVIC®
I.D. NO.

AR 239-1
AR 2640-2

FIC 215

FIC 222

LAH 401
LAHL 413
LC 203s
LT 413

LIC 495
LLH 402

LSE 402
LSL 492

PDAR 202
PDAH 204
PDAH 259
PDAR 2534
TDAH 201
PDAL 292

PDC 259

PDI 2034
PDI 2035
PDI 235 A

FLO? SHEET
LCO

02005G-4
02005D-4
02005E~5

02005%-5

04005A-2
040052-4
22005C-5
040952-4

3946231
o0z00S5A-4

C2462A-1
004621+

02C05a-4
32205A-4
02CG5A-4
00U862R~1
02005A-1
020053-4

02005A~4
02005a-4
02005A~4
02005a-4

MEASUREMENT NAME / COMNZNTS

TWPR METHAYATOR GAS ANALYSIS RECORDER
SEE XX 109U
MED1UM PRESS STEAM 02 ANALYTICAL RECORDER
INTERESTING APPLICATION-CHECK IF REQD ON SCALE UP
ABSORBENT REGENERATOR INLET STEAM PLOW INDICAIING CONTROLLER
CARRIED AS COMPARISCN TO FIC 222-THIS WILL SCALE UP BUT
FOR CONTROL DP SHOULD BE LINEARIZED
ABSORBENT REGENERATOR GAS INLET FLOW INDICAIINC CONTROLLER
THIS TYPE OF DEVICE WILL NOT SCALF DP-CONIROL I5 NOT THE
BEST
CHAR LOCK HOPPER HIGH LEVEL ALARM
PART OF PLL 401
LP CHAR SLORRY TANK HIGH LEVEL ALARN
CHECK APPLICATION
DECANTER TAR LEVEL CONTROL
QUESTION TAR/WATER INTERFACE
LP CHAR SLURRY TANK LEVEL INDICATOR
CHECK APPLICATION
CHAPF SLORRY TANK LEVEL INDICATING CONTROLLEX
CHAR LOCK ROPPER HIGH LEVEL LIGHT
S50SPICION OF LEVEL PROBLEANS
CHAAF 1LOCK HOPPER HT3H LEVEL SWITCH
ANY PEORLEMS?
CHAP 1 OCK HOPPFR LOW LEVEL SWITCH
SFF LSH 452
GASTFIER FLUID PED HIGH DIFFL PRESS ALARH
CHAR FLUID BED HIGH DIPFL PPESS ALARM
GASIFIER DISTPRIBUTOR HIGHR DIFF FRESS ALAERM
GASIFIEP DISTHIBUTOR HIGH DIFFL PRESS ALAERM
CHAR CCOLER DISTFIBITOR HIGH DIFPL PRESS ALARM
GASIFIER FLUID BED LOW DIFFL PRESS ALARE
SEE PDIC 202
GASIFIER DISTRIBUTOR STEAM DIFFL PRESS CONT
GASIFIER FLUID BED DIFFL PRESS INDICATOR
GASIFIER FLUID BED DIFFL PRESS INDICATOR
CHAR FLUID BED DIPPL PRESS IND
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ERDA COAL CONVE? SION INSTRUMENTATION REVIEW FOR THE SYNTHANE PRICaSS
INSTRUMENTS WHICH ARE NOT ACCEPTABLE IN SCALED UP PLANTS (CONIINUED)

DEVICE
I.D. NOQ.

PDI 205 B
PDI 254
PDI 259
PDI 261
PDIC 2452

DDIC 204

PDIC 257

OPDM 254 A
DDM 255 A
PLL 401

PN 267 A
TR 245
T™RC 203
XX 109%u

XX 11410

TLOW SHEET
LCo

02005a-14
02005A-4
02005A-4
02005Aa-4
020C5A-4

02G05A-4
00u62a-1
02005a-3
02005r-4
0n005A-4

02005A-4
02005D-4
JJu62A-1
0200564

004622~

MEASURENENT NAME / CONMENTS

CHAR FLUID BED DIFFL PRESS INDICATOR
PRETREATER DIFFL PRESS IND
GASIFIER DISTKRIBUTOR PROCESS DIFFL PRESS IND
CHAP DISTRIBUTOR DIPFL PRESS IND
SASIFIER FLUID BED DIFFL PRESS IND CONT
AT 1000 PSI 1407F-BED LEVEL MUST BE A PAOGLENM
ZHAR FLUID BED DIPFL PRESS IND CONWT
GASIFIEP FLUID RED DIFFL FPRESS IND CONT
PRETREATER DIFFL PRESS XMIR
PRETREATER DIFFL PRESS XMTR
CHAF LCOCK HOPPER LOW LEVEL LIGHRT
CHECK PPOCESS AND APPLICATION
PRETREATEP PRESS KNTR
SHI®T CONVERTEF TEMPERPATURE RECORDER
TEMP FLEMENT WOT SHOWN-AT 1600 PSIG/U((UF VESSEL SIZE ON
SCALE-UP MAY REQUIRE SPECIAL THERMOWELLS
GASIFIER DISTRIBUTOR TEMP REC CONT
35 UNLISTED UNCLASSIFIED TNSTRUMENTS
PFOCESS SHCOULD BE CHECKED-IS THERE SUFFICLENT INFO?
39 MISC UNLISTED DEVICES
KO ANALYTICAL DEVICES SHOWN
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