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TECHNICAL SUBCOMMITTEE RECOMMENDATTIONS

This document is Volume II of a two volume program for Task IX, Technical

Support. We, as members of the Technical Subcommittee, participated in

the development of the Pilot Plant Test Program shown in Volume II., We

find these plans to be reasonable and are focused on achieving specific

milestones recognized by the Committee. We recommend DOE approval of this ;
program,

The implementation and management of this program, including cost, is
not within the scope of the Committge's/activities.
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SUMMARY

This document is the second of a two-volume Overall Program Plan for
N rescheduling Task IX (Technical- Support) of the .Industrial Fuel Gas Demonstration
Plant Program (MLGW/DOE), Contract ET-77-C-01-2582. Volume I presents the
schedule and organization for carrying out the overall plan which is divided
into three major tasks: Bench Scale Tests, Cold-Flow Model Studies, and Pilot
‘Plant Operations. This volume, Volume II, gives a more detailed presentation
of the test objectives and procedures for the most important part of the plan,

Pilot Plant Operations. ..

The objective of Volume II is to pfovide a systematic approach to obtain
"high carbon conversion under steady-state, ash agglomerating conditions with
coal in the U-GAS pilot plant. This will allow the achievement of the principal
goal of pilot plant operations, that is, to obtain data for the design of the

U-GAS demonstration plant.

The test program for pilot plant operations has been formulated with the
assistance of the Technical Subcommittee which has members from all the parties
involved in the Industrial Fuel Gas Dembns;rétion Plant Program, namely,
'Memphis Light, Gas and Water Division, Départment of Energy, Foster Wheeler

\ Energy Corporation, Delta Refining Company, Institute of Gas Technology, and

Monsanto Research Corporation.
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DISCUSSION

A pilot plant test program has been formulated with an overall objective
. to obtain data for the design of the demonstration plant. Since 'pilot plant
tests to date with coal have hot demonstrated ash-balanced operation with total
-ash agglomeration, 'an initial series of tests with coke and coal will be con-
ducted. Analysis of past. test data on both coke and coal has identified key
variables affecting ash agglomeration. These variables are temperaturé, bed
ash-content, bed height, particle size, and gas velocity. The objective of
the coke and coal tests is to systematically obtain data on the effect of the
above variables on agglomeration and establish‘aAlogical baseline for planning
tests -.to obtain ash-balanced operation with coal. This detailed test program
will confirm the operating range of the above variables for coke and establish

the operating range of the above variables for.coal.

'Based on the results of the initial tests with coke and coal; and from
_the simultaneous efforts on the 2-inch-diameter bench scale unit and the cold-
flow model, detailed plans for an extended period test with coal will be
developed. The objective of .this test will be to operaté for 5 days and achieve
ash-balanced operation with coal under agglomerating conditions. Data from
this test will be used to develop plans for .a subsequent series of tests at

higher pressure to establish the design data base for the demonstration plant.

The following sections consist of specific details of the initial series
of tests with coke and coal; outlihes the general direction and objectives of
the remainder of the test program; discusses the procedures for conducting
‘tests, and obtaining, transferring, and reducing data; contains the details of
operating procedures; and presents a cost estimate to implement the ovefall

program plan.

I'N ST TUTE o F ~ G A S TECHN"OLO'GY




PILOT PLANT TEST PROCEDURES

The bpoceddres for pléﬁhing, conducting, and monitoring pilot plant tests
have been re-evaluated with greater emphasis on overall test management to
assure that program objectives are attained. This section discusses
procedures for formulation and implementation of test plans, pilot plant test

organization and monitoring of tests.

Test Run Formulation and Implementation -

The general procedure will be to formulate a detailed plan for each test
run. A test run will consist of a series of set points, each set point
specifying the values of controlled variables for a steady-state operating

.period.

Basgd on information from previous tests, tﬂe 2-inch-diameter bench écale
tests, and the cold-flow model studies, thé Operations Manager (W. A. Sandstrom)'
will be respdnsible for formulating a detailed testirun5p1an as shown in Figure 1.
Appropriate reéommendations from either the Ash Chemistry Task Force or the
Ash Agglomeration Task Force will be incorporated in the test plan. However,
the overall test run plan will follow the -general outline of the Test Plan
Details section. The plan will then be reviewed and modified by the Project
Manager and submitted to the Technical Subcommittee and the Executive Program
Advisor for review and approval. The Technical Subcommittee Chairman will be
responsible for obtaining the concurrénce of the Committee and advising the
Project Ménager of its approval. The detailed test run plan will be finalized,
documented and distributed to the planf operations, on-site monitors and the
Technical Subcommittee. The approved test plan will be followed during the
test run. The Shift Supervisor will be responsible for executing the approved

plan and the on-site monitors will verify the test plan.

It is anticipated that changes to the test run plan may be necessary as

the run proceeds. Under conditions where prompt action is required (e.g., at

set point operating conditions where ‘there are indications of ash deposition
or where set point conditidﬁsAleadfto unstable operation), the Shift Supervisor
will make.appropriate decisions for any changes or termination of the test run.

The on-site monitors will be informed of the decision and the action to be taken.
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Minor changes in the test plan will be similarly implemented by the Shift
Supervisor in consultaﬁion with the monitors. Decisions by the Shift Super-
visor on major changes to the pl;n or on termination of'the test under normal
operating conditions will be conveyed to the Project Manager. The Project
Manager, or his gesignee, will .contact the Technical Subcommittee Chairman and
the Executive Program Advisor and obtain their approval before proceeding with

the change.

Various set point operating conditions for a test run are based on the
latest available information, both from previous tests and laboratory studies.
A test run plan or any preselected condition for set point may be changed

using the above outlined procedure for test run formulation.

Plant Operations Management

The pilot plant operations are under the direction of an Operations

Manager who is responsible for day-to-day operation, maintenance, and upkeep

of the pilot plant. He is also responsible for the work of the four sub-~
contracfors who provide services to the pilot plant (mechanical, electrical,
instrumentation, and insulation). The Operations Manager, in conducting tests,
is aided by an Operations Supervisor, five Shift Engineers, and eight Operators.
This group also has an engineer and an assistant who are responsible for col-
lection, assimilation, and reporting of pilot plant test data. For conducting

pilot plant tests the operations organization is set up as shown in Figure 2.

To provide 24-hour coverage during a test, IGT utilizes 8-hour shifts.
The shift team consists of a Shift Supervisor, a Shift Engineer, two Operators,
and an Instrument Technician. Mechanical, electrical and maintenance services
are provided during the day shift and are available on call during the other
two shifts. The Shift Supervisor is a senior IGT person who is responsible
for the overall test operations during the shift. He will assure that the
approved test plan is followed, will make decisidns and take appropriate action
on changes or shutdowns under emergency conditions. He will also notify the
Project Manager of the necessary changes, if any, to the test plan, and will
carry them out after the Project Manager obtains the approval for the change.
In the Project Manager'S’absence, the Shift Supervisor will follow the pro-

cedure outlined in the previous section to obtain approval for any changes.
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- The Shift Supervisor will be responsible for all commﬁnicatipns with the
on-site monitors. He will bfief them on the conditions of the test, provide
them test data for yerification purposes, advise them of his decision and
reasén for suggestingva chénge from the approved test plan, notify them of
his éctions during an emergency Eondition, and assure that the monitors do not
iﬁterfere with the normal routine of other IGT test personnel. The.Project
Manager will be responsible for briefing all other pertinent industrial team
members, DOE personnel, and other interested parties on the status of the tests.

All calls for such information will be directed to him.

The Shift Engineer will be responsible for conducting the test operations
during his shift. He will assure that all necessary samples, data, and
readings are gathered in a timely fashion and reduce the data at regular inter-

vals to check test conditions. He will direct the work of the operators and

' the subcontracted personnel .as necessary, assure that the pilot plant unit is

functioning properly from both the process and the mechanical viewpoint, and

will note any upsets or deviations from set conditions of the controlled

-variables and take necessary actions to correct them. The operators will take

solids samples, dump solids and fines out of hoppers, and collect data on
appropriate data sheets. They will help the Shift Engineer operate the pilot
plant and also troubleshobt any operating problems. They will also be respon-
sible for drying feed material and for upkeep  of both the -control room and

the pilot plant surroundings. The liquid and gas samples will be collected

by the pilot plant analytical group..

C e
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Test Monitoring

Both MLGW and DOE will have around-the-clock on-site monitors during each
pilot plahf test run. The function of the monitor will be to observe test
operations in order to verify that the test plan is being followed. To accom-
plish this it will be necessary that the monitors have readily available test
data that can be used to compare with the various set points in the test run.

"It will also be necessary to set up a communications procedure so that the test
data and information on the status of the test run can be efficiently transferred
to the monitors. The following guidelines as shown in Figure 3 will assure smooth

interaction between the on-site monitors and IGT operating personnel:

1) When.a test is in progress, the shift supervisor will be responsible
for providing the monitors with test run data. These data will be raw un-
confirmed data, that is, they will not be finalized, but will be sufficiently
accurate for monitoring purposes. All other information regarding the progress
of the run will be provided in pre-scheduled daily briefings by the operations
manager. The operations manager will also be responsible for keeping the
monitors informed of progress on the pilot plant during plant turnarounds.
Information on the progress of all other project activities including the dis- =
tribution of finalized test data will be the responsibility of the project
manager. '

2) The monitors will verify that the test plan is being followed by
examining the test run data-provided by shift supervisors. The monitors will
prepare daily reports based on their observations of the test run and other
information received during the course of the run. If any doubt exists about
the data or other information they have obtained, the monitors should consult
with the shift supervisor before preparing their written report. One copy of
each report will be distributed to the project manager as soon as possible after
preparation.

3) It may be necessary to alter the test plan because of intormation
gained during previous test periods. In this case it will be the responsibility
of the shift supervisor to consult with the monitor and inform him of these
changes. For this reason the monitor should be readily available at all times,
either in the U-GAS pilot plant or in his assigned office area.
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DETAILED TEST PLAN

The following sections contain a detailed test plan. The plan has five
parts: A) Start-Up, B) Hot Shakedown, C) Tests with Coal, D) Tests at High

Pressure, and E) Parametric Tests.

The Start-Up section applics to all tests and is separated from the other

sections to avoid redundancy.

The reactor has undergone significant modificatio?-— a larger diameter
venturi and a jet in the center of the venturi.  Therefore, the first tests
of the modified gasifier will use coke feed. The reason for these changes
is to obtain a greater flexibility in the control of agglomerate discharge and
distribution of okygen feed. These additional runs with coke will serve to
shake down the modified unit and obtain baseline data. Comparison with pre-
vious data froﬁ operations with coke feed will determine if increasing the
diameter of the venturi throat from 3 inches to 4-1/2 inches affects the rate
of agglomerate discharge. Data from these tests will be useful in correlating
test results of the 2-inch bench-scale agglomeration unit. Finally, these
tests will establish a range. of operating-variables with coke under ash-

balanced, agglomerating conditions.

The coal tests serve  the same purposes as those using coke; that is, to
establish the range of operation under agglomerating conditions. In addition,
carbon utilization and other data from the extended steady-state coal run will

be needed in the decision regarding process feasibility.

Pressure tests with the gasifier at 60 psia using coal will provide data
necessary for the design of the demonstration plant. This will be achieved
by correlating test results at atmospheric pressure. In addition, higher

pressure tests will serve to check the validity of IGT's mathematical model.

Parametric tests will . provide data to answer any remaining questions in
the design of the demonstration plant. These tests will determine gasifier

turndown capability, response to feed changes, and load following capability.

This detailed test plan should determine the operating conditions
necessary to achieve agglomeration under ash-balanced conditions with coal.
Further support will come from tests with the cold flow model. These tests

will isolate the effects of hydrodynamic factors on rate of particle discharge.

10
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through the venturi throat. In addition, supporting tests with the 2-inch

bench-scale unit will further assist in achieving ash agglomeration with coal.

* pewey o
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A. Start-Up

This section applies to all tests. At the start of a test, the gasifier
is empty at ambient temperature. U-GAS engineers have developed a sequence
of steps for starting up the reactor. At the completion of these steps, the
gasifier is ready to produce test data.

U-GAS pilot plant operators use a formalized list of steps, the "U-~GAS

Start-Up Procedure,"

to start all test runs. Appendix A contains the most
recent version of this procedure. Upon the completion of each step, the
operator writes the date, time, and initials in the appropriate box. The

operator notes any difficulties and their remedy in the "Remarks" box.

12+
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B. Hot Shakedown Test

The objectives of this»test, Run 127, are to carry out a hot shakedown
of the U-GAS pilot plant using metallurgical coke as start-up feed material.
A hot shakedown test is necessary because several modifications have been

made to the pilot plant after the July test Run 126.

Several new pieces of equlpment were added a scrubber for the product
gas, a new reactor feed screw feeder, and pressure relief valves for operations

at reactor vessel design pressure.

_ Other pieces of equipment were modified: The coal and coke screw feeder
drives were revamped to provide variable feed mixtures. The venturi throat
was widened to 4-1/2 inches and shortened to 2 inches. A 1-1/2 inch jet
nozzle entering through the axis of the venturi throat was installed. Also,

the weigh scale lockhopper feed system was significantly changed.

All equipment have been checked for operability at ambient temperature
and pressure. Malfunctions and leaks have been rectified. However, only
operations at or near test conditions can properly shake down the process

equipment to ensure reliability during a coal test.

U~GAS engineers and technicians will carefully monitor and record the
operation of all parts of the pilot plant during the hot shakedown test to
confirm equipment reliability or need for further improvement.

Set Poiﬁt'l

After reaching a bed temperature of approximately 1600°F (Step 47 of the
U-GAS start-up prdcedure), operators will make adjustments to the process gas
flows to increase bed temperature to 1800°F. Variableé will be controlled
within limitations called for at Set Point 1 in Table I. As the bed tempera-
ture stabilizes, the venturi annulus velocity may have to be adjusted. The
proper velocity to use is that which yields a venturi discharge not exceeding
20 1bs/hr. This small discharge, essentially the coarsest fraction of the
coke feed, keeps the venturi throat clear, yet allows bed ash content to build

up rapidly to promote ash agglomeration and/or achieve the set point value.

As the hourly bed samples show a rising ash content, the alternate bed.
discharge will be activated at 30% bed ash content. By the time 35% bed ash

content is recorded, the alternate bed withdrawal, determined from rough ash

13
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 ASH_AGGLOMERATING GASIFIER

Table I

Hot Shakedown Test With Coke Operating Conditions

Ash Superficial Venturi A Bed
Bed Conc. Velocity Annulus Height
Set Period 1bmp6 in Bed FPS Vel. FPS Feet clone's Operatin
Point Hrs., + 6 4+ 15°F 2 5% £ 0.5 25 2 0.5 nt. 11
1 a2 1800 35 4 40° 4 No No  No
2 12 1850 35S 4 40 4 No No No
2A 12 1850%* 35 4 40 - 4 No No No
3 12 1900 35 4 40 . 4 No No No
4 12 1950%%%x 35 4 40" 4 No No No
4B 12 1950%%xx 35 4 40 4 Yes No  No

OTHER OPERATING CONDITIONS REQUIRED

Mode = Steam-Air-Oxygen Process Gas
Process Gas to Grid = 15% oxygen conc. max.
Process Gas to Venturi Annulus = 21% Oxygen Conc. Max.
Process Gas to Central Jet = 50% Oxygen Conc. Max.
* Or as required to control venturi discharge classification capability.

k& Minimum 02 at grid under partial aggl. mode. May be repeated at 3A or 4A.

***  Assumed temperature for balanced ash agglomeration W/O bed withdrawal.
=~ May require more set-points for ash agglomeration W/0 bed withdrawal.

*kk* As required to sustain ash balance W/0 bed withdrawal.

14
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balance calculations, Qill prevent further rise in'Bed ash content. Two to
four hours may be needed with ash samples from the bed taken hourly to confirm

a- stable 357 bed ash content.

To Qerify stabilization and obtain sufficient“data for an accurate ash
balance, 6 to 12 hours of operation will be required. Ash balances can be
calculated from the feed bed withdrawal, venturi discharge, and dust stream
ash analyses. After completion of one or two ash balances, control variables
will be changed to achieve Set Point 2. Ash agglomeration may occur during
Set Point 1. Onset of ash agglomeration is indibated by a rise in venturi dis-
~charge rate with no change in venturi annulus velocity. The weight fraction

of agglomerates in bed and venturi discharge samples will be determined.

Set Point 2

To raise the bed temperature to 18500F as called for in this set point,
the'operatof will again adjust flows as described in the section "Control of
Operating Variables.'" Additional oxygen is required to raise the bed temperature.
This oxygen can be added by increasing flow through both the 938 and the 9303
streams * However, a flow increase of oxygen to the‘938 stream will increase
the concentration of oxygen at 905, 906, and 9405 (see Figure 5). Since set
point variable values specify no increase in the grid and venturi annulus
oxygen content, the preferred method of adding oxygen is through the jet,
stfeam 9303. Any rise in superficial velocity resulting from adding oxygen
tﬁrough stream 9303 can be offset by a reduction in the flow of process gas

(air) through stream 9405.

As the bed temperature rises and stabilizes, an increase in the coke feed
rate will be required to maintain the control variable bed level at the set
point value. As with Set Point 1, hourly bed sample analyses for ash will be
used to determine a rough ash balance. Alternate bed withdrawal will be
adjusted to retain a 35% bed ash content. If more agglomerates form and dis-
charge at this higher temperature, no increase in alternate bed discharge may
be needed. Again, 6 to 12 hours will be required to obtain one or two

successive ash balances.

Measurement of ash agglomerate content in bed and venturi discharge

samples will be carried out as described in Set Point 1.

* Flow stream numbers are referenced in Figure 4, page 33.

15
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Set Point 2A

If the presence of ash agglomerates is detected either by visual obser-
vation of the venturi discharge material, or by an increase in the discharge
rate, Set Point 2A shall be implemented. The objective of 2A is to determine
if improved (a greater quantity of agglomerates) ash agglomeration results
from introducing all of the oxygen at the center of the reactor. Since a
comparison is needed with partial ash agglomerating conditions, this procedure
(Set Point 2A) will only be implemented if partial agglomeration occurs in
Set Point 2. 1If not,'this change will be deferred until Set Point 3 or

possibly Set Point 4. The procedure for making this change follows.

RBased upon the -computer data of stabilized conditions for Set Point 2A,
a calculation will be made directing all oxygen to the central jet and venturi
annulus with the total molar flow as specified in the Set Point. It may
develop that to'hold the stated limit of Table I, 21% 02 at the venturi annulus
and 507 at the jet, the grid oxygen concentration cannot be reduced to zero.
In this case, changes will be made to achieve minimum oxygen at the grid.
Care must be taken by the operator that at no time during the éhanges in flow
should any of the above limits be broached. Oxygeh flow will.probably increase
through the jet, stream 9303, and air flow will decrease ﬁhrough the jet,
stream 9405. The annular venturi flow is readily changed to 100% air (or 21%
oxygen) by supplying flow only through stream 906. The jet flow changes should
be accompanied by a sysfematic ad justment to reduce flow through stream 905

and inctrease flow through stream 903 to maintain the same total oxygen flow.
Set roint 3

If it develops upon completing this operation to achieve Set Point 2A
there is no‘change in agglomerate discharge rate, the condi-
tiqﬁs of Set Point 2 will be restored. However, if the change to Set Point 2A
yields an improvement in the quantity of agglomerates discharge through the
venturi but no ash balance without alternate bed withdrawal, preparations
will be made to proceed to Set Point 3 while maintaining a low oxygen content
at the grid. Since both annular and jet oxygen concentrations will probably
be at maximum value, oxygen will have to be added (to raise the bed tempera-
ture) to the grid by raising stream 905 and lowering stream 903. These changes

to raise the bed temperature will probably significantly increase the venturi

16
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discharge rate after a small temperature rise (L0'F). Accordingly, this rise
in temperature will be limited to that necessary to allow a complete elimin-

ation of the bed withdrawal stream as proven by bed ash sample analysis.

Conditions ﬁill be maintained at 1900°F for Set Point 3 if bed withdrawal
is still required for a time necessary to achieve sufficient data to calculate

two ash balances. Then, the same procédure'used to reach Set Point 3 will be

used to attain Set Point 4, namely, raising stream 905 and lowering Stream 903.

If in doing so each of the limits set for oxygen content (15%, 21%, and 50%)
are reached, the shift supervisor shall contact the program manager for
instructions as to whether any limit previously listed on Table I can be

modified. ) "
Set Point 4

1f it develops that bed withdrawal is eliminated during the changes made

to achieve Set Point 3 whether at 19000F or lower, these conditions shall be

- held for 12*hours to record sufficient data and obtain samples. Upon achieving

this goal, the final change on Table I shall be implemented. This change is
4B on Table I but it will be renumbered 3B if implemented after Set Point 3.
This procedure involves activating the internal cyclone seal pot to recir-
culate char fines into the reactor bed. - This change should be implemented

by slowly raising FI 9364, the seal pot nitrogen aeration gas, while monitoring

‘the chart traces of PDR 9301, 982, and 983. When the cyclone begins to
‘function, PDR 9301 will rise to 0.4 psi, and PDR 982 and PDR 983 will also

rise on the chart. PDR 983 should read about 0.15 psi and PDR 982, 0.4 psi.
Changes to feed rate and steam/air ratios may be needed to retain the bed
temperature and level. After stabilization the venturi discharge rate and

bed ash level will be watched carefully (the former may fall and the latter

" may.rise). A drop -in the venturi discharge rate is not as critical (for the

feed ratetbf coke will probably have been lowered) as a rise in bed ash
content. If the latter cohditién develops, activate a bed withdrawal to
hold ash content at the set-point condition, and then raise the bed tempera-
ture. If a larger temperature rise seems necessary to maintain an ash bal-
ance without bed withdrawal, a decision will be made whether to continue the

pursuit of Set Point 3B. As Table I indicates, it may well develop that
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Set Point 4 will be reached before the intermnal cyclone can be activated.
This cyclone activation will not be used unless an ash balance is reached
without alternate bed withdrawal. In any event, the same procedure just

described will be used if cyclone activation occurs at 4B instead of 3B.

Assuming the above set point is attained, shakedown data for 12 hours
will be recorded. Following directly upon this accomplishment, the second
phase of the hot shakedown test will begin. This phase consists of determining
the effect of bed height, superficial velocity, bed ash concentration and
* venturi annulus velocity upon the process system due to the newly altered

venturi and central jet pipe.
~ Set Point 5

Set Point 5 (Table II) is achieved by reducing the venturi annulus gas

flow and increasing the central jet flow (see "Control of Operating Variables,"

venturi annulus velocity). It may develop that a significant solids downflow
may occur even though no other opérating condition has been changed. Sufficient
samples and data should be taken to substantiate the effect of this change on
‘the classification capability of the venturi annulus. ' Unless there is a severe
upset of the ash agglomerating process, this set point should be maintained

for 6 hours, providing the venturi solids rate is not too high and is not

too hot to handle in the discharge drums. Assuming the oxygen concentration

is not limiting at other flow points, the venturi annulus oxygen concentration
can be reduced by lowering stream 906 and adding steam through stream 9304.
However, the oxygen removed would probably have to be added through stream

9303 to the central jet. The above procedure should lower the temperature

of the solids discharged from the venturi.

Set Point 6

Set Point 6 is achieved by raising stream 906 and lowering stream 9405.
However, this operation could result in an increased ash agglomerate concen-
tration in the fluid bed. 1If evidence develops that this increase does
happen, a decision will be made as to whether this concentration presents the
hazard of raising the minimum fluidizing velocity. There are two direct ways
of detecting this. phenomenon: increased presence of ash agglumerates in the
bed samples which also yield a higher ash content, and a reduced venturi

discharge rate proving an unbalanced state of ash accumulation. If no problems
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a

Bed
Ses . Period T‘emp6
Point Hrs. & 6 % 15 F+
5 12 1950
6 12 1950
-7 12 1950
8 12 . 1950
9 12 1950
10 12 1950

ASH AGGLOMERATING GASIFIER

Continuation of Shakedown Test with

Table 11

From Table 1 Coke Shakedown Data

Ash
Conc.
in Bed
& S%++

35"
35
35
35
20

45

OTHER OPERATING CONDITIONS REQUIRED-

Mode - Steam, Air, Oxygen

Process Gas to Grid - 15% Oyxgen Conc. Max.
Process Gas to Venturi Annulus - 21% Oxygen Conc. Max.

Operations at Ash Aggfbherating Conditions Produced

Superficial Venturi -Bed

Velocity Annulus Height

FPS Vel. FPS Feet Lyclone's Operating

+ 0.5 25 2 0.5 Int. 11 111
4 30 ** 4 No No No
4 50 *** 4 No No No
3 40 * 4 No No No
4 40 * 2 No No No
4 40 * 4 No No No
4 40 *

Process Gas to Central Jet 50% Oxygen Conc. Max.

1r-
T+

"t

* ko

NOTE:

Assumed from Table 1 results.

Assumed.

4 No No No

Optimum; as required to control venturi discharge classification capability.

10 FPS below optimum.
10 FPS above optimum.

Decision not to include internal cyclone will be reviewed based
on results of 4B.
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are detectable, data and samples will be taken for 6 hours. Following this
set point, conditions will be rapidly adjusted to achieve Set Point 7. This
set point restores the annulus velocity found desirable during the first phase

of this shakedown test.
Set Point 7

Set Point 7 will be achieved by reducing the flow through stream 9405
first, and to its minimum allowable flow (central jet velocity 50 fps), if
required, to achieve the lower bed superficial velocity of 3 fps. Only then
should flow through the grid (streams 905 and 903) be reduced. The operation
should be watched carefully for: 1) any change in ash agglomerate size as a
result of lower gasification rate and 2) any reduction in agglomerate con-
centration in the bed samples (both visually and by ash content). Twelve

hours of shakedown data and samples will be taken.
Set Point 8

Upén restoring the superficial velocity to 4 fps, the bed height will be
allowed to drop by reducing the feed rate. of coke 20%. It should take 3 to 4
hours to drop the bed level to two feet. Although no hazard is envisioned by
this operating mode, particular interest should be taken in the carbon oxide

ratios in the product gas. Note also should be taken of the fines loss rate

" as the feed at this set point is entering the bed 6 inches above the top of

the bed. Six to twelve hours of steady-state operations are required.

Ser Point 9

Set’ Point 9 may not be achievable. To reduce the bed ash content below
an agglomerating ash balanced state will require activation of the alternate
bed withdrawal line. Based onloperating conditions of Set Point 4, calcu-
lations will be made of this required bed withdrawal rate. If it is high,
the bed level can be maintained by increased feed. However, increased feed
will necessitate an increase in oxygen concentration at all streams not already
operating at the limit. This latter development may prevent achieving Set
Point 9, th:ugh data and samples will be taken at whichever reduced bed ash

concentration is achievable.
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Set Point 10

Set Point 10 may also be difficult. If the unit is operating in an ash
balanced state without alternate bed withdrawal at 40% or less ash concen-
tration and no operational changes are made, the ash content of the bed will
not rise. Whether Set Point 10 is reached or not, steady-state data for 12

hours should be taken. Assuming gasifier operation can be continued without
interruption, Table II, second part, .Set Points 11 through 17, illustrates

two firm and five potential set points for continued operation with coke,.

Set Point 12

Set Point 12 should be achieved by‘reducing the oxygen concentration
at the central jet so that temperatures 50°F lower than employed in Set Point 5
can be reached. Probably, alternate bed withdrawal will have to be employed
to restrict bed ash content to 30%Z. As in Table I, at least two steady periods
of ash balance should be obtained using the alternate bed-withdrawal as

required before going on to Set Point 13.

Set Point 13

Operations at Set Point 13 require only a small reduction in alternate
bed withdrawal rate to allow the bed ash content to rise. After the bed ash
content stabilizes near 407, two complete ash balances will be taken with
particular note as to whether the venturi‘discharge rate of Set Point 13

exceeds that of Set Point 12.

Set Points 11, 14, 15, 16, and 17

At this point, the time available for continuation of shakedown testing
will be determined. If little time is left, Set Points 11, 14, 15, 16, and 17
will be cancelled. If time permits, as many as possible (in numerical 6rder)
of these set points should be conducted. The procedure is the same as that
employed to achieve Set Points 5 through 10 as basically the same control
variables are to be modified. The major difference is that alternate bed
withdrawal will probably be needed at each of these set points. To the extent
that any or all of these set points can be reached, they provide valuable data
on the operation of the gasifier agglomerator after the venturi-central jet
modifications made following Run 126. The reactor system will then be shut

down for internal examination.
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ASH AGGLOMERATING GASIFIER

Table I1 (Cont'd.)

Continuation of Coke Tests to Develop Ash Agglomerate Production Rate

No

No

No

No

No

No

No

Ash Supcrficial Venturi ‘Bed
Bed Conc. Velocity Annulus Height
Sct Period Tempé in Bed FPS Vel. FPS Feet £§clone's %perating
Point Hrs. =+ 6 2 15°F & 5% + 0.5 £ 5 2 0.5 nt. 1T
*11 12, 1900*+ 20 4 40 ¢ 4 No i No
12 12 1900** 30 4 . 40 1 4 No No
13 - 12 1900*+ 40 4 ' 40t 4 No Nd
*14 12 1900** 40 a 30 +4 4 No  No.
*15 12 1900** 40 4 S0 +¥t 4 No No
*16 12 1900** ~ 40 4 40+ 2 No No
;17 ' 12 1900** 40 3 40 + 4 No No
OTHER OPERATING CONDITIONS REQUIRED
Mode - Steam, Air, Oxygen
Process Gas to Grid - 15% Oxygen Conc. Max.
Process Gas to Venturi Anulus 21% Oxygen Conc. Max.
Process Gas to Central Jet 50% Oxygen Conc. Max.
* If time permits.
**» 50°F lower than set points 5 to 10.
+ Optimum; as required to control ‘verturi discharge classification capability.
+t+ 10 FPS below optimum.
+tt+ 10 FPS above optimum.
22
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C. Coal Tests

Objectives of tests with coal are to establish a range of operating
variables within which the gasifier can achieve stable, ash-balanced operation.
Carbon utilization and other data from the extended steady-state coal test

will be used in the decision regarding process feasibility.
Set Point 1

Set Point 1 will be carried out with the fluidized bed at 1825°F and 40%
ash, as shown in Table III. The operator will start the test with metallurgical
coke, fbllowing'the staﬁdard'U—GAS'Start-Up Procedure through step 47.

Fluidized bed temperature will be increased to 1825°F. The operator will then
switch the process gas mixture to steam/oxygen. Following temperature stabil-
ization, run-of-mine (1/4-inch X 0) Kentucky No. 9 coal will be fed into the
gasifier as a blend with coke. For the first hour, approximately 20% of the
feed will be coal. In the second hour, 40% of the feed will be coal. 1In the
third hour, 60%. In the fourth hour, 80%. Five hours from the start of feeding

coal, coke feed will cease altogether.

Since it is not known for certain that ash-balanced (no alternate bed
withdrawal) ash agglomeration with this coal can be reached at temperatures
below l90Q°F, careful attention will be given to the bed ash content at all
times. In addition, the presence of sinter flakes (formations of fine ash
particulate) in the venturi ash discharge is cause for concern. If any are
detected, a decision will be made whether to continue this set point, modify

the test conditions, or go on to the next set point.
Set Point 2

Set Point 2 is readily obtained by lowering the alternate bed withdrawal
rate until the bed ash content rises to 55%{ Two well-substantiated ésh balance
periods will be obtained at this operating condition. This operating point
of 557 may promote more ash sinter production than Set Point 1, but also may
give strong evidence of ash agglomerate production. If agglomerates are
produced, a rise in the venturi discharge rate should be apparent. If ash
agglomerates demonstrate significant presence, the operator will proceed to

Set Point 2A.
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ASH AGGLOMERATING GASIFIER
Table 111
Ash Agglomerating Gasifier Coal Test Rums

Bed
S;c Period :::p. As:nC;:;fnt s:zi;:izial AnZEEEZTiVel. Height —Cyclope
Point Hrs. + 6. # 15°F z + 5% F/s+0.5 _FPS+0.5 Fr, $0.5 Int. Ext.
1 12 1825 40 4 40* 4 ¥o No
2 12 1825 55 4 40% 4 o o
2AR*% 12 1825 55 4 40* 4 No No
3 12 1825 70 4 40%* 4 No No
4 12 1825 70 4 20 4 No No
5 12 1875 40 4 40* 4 No ¥o
6 12 1875 © 55 4 40% 4 No No
7 12 1875 70 4 40* 4 No No
8 12 1875 70 4 20 4 No No
9 12 1875 55 3 40* 4 No No
10 12 1875 55 4 40* 3 No No
1 12 1875#* 55#% 4 40* 4 No No
12 48 1875%% 55k 4 40* 4 Yes No
13 48 | 1875%% . s5as 4 40* 4 Yes  Yes

OTHER OPERATING CONDITIONS REQUIRED

Mode - Steam, Oxygen

Process Gas to Grid - 157 Oxygen Conc. Max,

Process Gas to vearuri Auuulus -~ 21% Oxygenr Cnnc. Max,
Process Gas to Central Jet - 50% Oxygen Conc. Max.

* Optimum; as required to control venturi discharge classification capability
*k Or es results without bed withdrawal

*&x  Minimum O2 at grid under partial aggl. mode. This test may be 3A, 4A, etc.
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 Set Point 2A

Set Point 2A is achievéd in the same manner as waé 2A of the hot shakedown
coke test, Run 127, by increasing the annular venturi and central jet oxygen
concentration to supply all the oxygen if possible.' As in Run 127, the effect
of this change, if any, upon ash agglomerate production rate should be readily
noted. Again, 6 to 12 hours of data should be taken. If agglomerates are not

seen in a'relevant quantity in Set Point 2, Set Point 3 should be conducted.

Set Point 3

Set Point 3 requires operation at a high bed ash level (70%) . Even more
careful monitoring of the bed ash content will be required. The presence of
ash flakes in the venturi discharge is even more likely. 1If the latter are
detected, rapid changes in bed ash content must be ﬁade by fast flushing of
the bed with fresh feed and increasing the alternate bed withdrawal rate while
monitoring a bed temperature of at least 18000F, so as not to evolve organics
from the system. If conditions are stable and no ash flakes appear, two ash-
balanced periods will be recorded before moving to Set Point 4. Again, if
ash agglomerates appear in significant quantities at either Set Point 3 or
Set Point 4, the"A'option should be impleﬁented to determine if the agglomerate

rate increases when all oxygen is supplied to the center of the reactor.
Set Point 4

Set Point 4 constitutes a significant change in the venturi annulus
velocity. This change may result in a large solids flow from the venturi such
that the alternate bed withdrawal rate may have to be reduced to maintain bed
level. The change will be made by reducing the flow from stream 906 and will
necessitate a flow increase to stream 9405 to maintain the superficial velocity
and bed femperature.' It may develop that the large solids flow from the ven-
turi will result in a lowering of the ash content. A decision may be needed
whether to raise the venturi annulus velocity to retain the 70% bed ash level.
If this falling ash content problem does not occur, two steady-state ash-

balanced periods will be obtained before moving on to Set Point 5.

Set Point 5

To achieve Set Point 5 it will be necessary first to reduce the bed ash
content to 40% by flushing the reactor with additional feed while simultaneously

removing bed material at a higher rate. This increased solids flow may
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temporarily require a greater total oxygen input to sustain bed temperatures.
If additional oxygen is needed, none of the established limits (15% at the
grid, 217% at the venturi annulus, or 50% at thé jet) can be exceeded. As the
407% bed ash content is approached, oxygen will be added to the central jet to
raise the bed temperature to 1875°F. Any adjustment required to maintain
superficial velocity will be made by lowering stream 9405 flow. Since the
operating mode is quite similar to Set Point 1, except for a 50°F higher
temperature, the discharge from the venturi and bed will be closely monitored
for the presence of ash flakes. If ash formations appear, solids flushing
will be fequired to assure their removal from the reactor. Any increased flow
of ash from the venturi will be noted if it occurs. If so, the "A" option
will be employed so that when steady flow rates and temperatures are reached,
data and samples yiclding ash balances, with or without alternate bed witﬁ-'

drawal, shall be obtained for two periods (6 hours minimum).
Set Point 6

Set Point 6 is similar to Set Point 2 except for operation at 1875°F.
Similarly, changes will be made to the alternate bed withdrawal rate to raise
the ash level to 55%. The bed and venturi discharge solids will be closely
observed for ash flake formations. These formations, as stated several times, .
if present, require operational changes to facilitate their rapid removal
(flushing the bed with feed solids). If such ash formations do not appear,
two steady-state ash balance periods will be obtained with the use of alternate
bed withdrawal, if necessary. If there is an increase in the venturi discharge
rate (more agglomerates), the use of the "A" option (maximizing oxygeh to the

center of the reactor) will be made to ascertain its ash agglomerating potential.
Set Point 7

Set Point 7 will be the next goal and as noted, except for a 50°F higher
temperature, requires the same type of control changes as Set Point 4. Again,
while watching for nonconforming ash formations in the hot solids streams,
as well as an increased presence of agglomerates, two steady-state ash balance
periods shall be recorded for which adequate sample ‘documentation will be taken. i

If ash agglomeration improves significantly, the "A" option will be tried.
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Set Point 8-

Set Point 8, ekcépt for the 50°F higher bed femperature, requires the
same careful observations as did Set Point 5, for it is possible that a high
venturi-dischargé réfe may preélude retaining a 70% ash concentration in
the bed. If so, a modification in the 20 fps venturi annulus velocity will
have “to be made. Regardless, two steady-state ash balance periods shall be

obtained with sufficient samples for verification.

Set Point 9

‘Set Point 9 allows for operation at a lower superficial velocity (3 fps).
_Comparisons as well as observations will be made of both the composition of
the bed and venturi discharge material, for a change in ash agglomerate or
ash flake presence may occur. The presence of the latter is cause for altering
the set pdint conditions. .However, an increase in agglomerate discharge from
the venturi is cause for implementing the "A"-option if it is not in effect.
Again, data and samples for two steady-state ash balance periods shall be
obtained. '

Set Point 10

The effect of ‘a lower (3 ft. versus 4 ft.) fluid bed level is investi-
gated in Set Point 10. Data will be taken with documenting samples for two
steady-state periods of ash balanced operation. Again, the "A" option, if not
implemented earlier, can be used following Set Point 10 if there is an

increased agglomerate presence.

Set Point 11

Beginning with Set Pnint 11 of this coal test rum, control variables shall
be adjuéted to maximize ash agglomeration nnd minimize withdrawal. Accordingly,
based'upon the general trendslobserved in the earlier 10 set points, bed height,
superficial velocity, and bed temperafure shall be altered to maximize agglom-
erate nroduction. If this objective is obtained, the resulting operational
changes shall bé documented by data from two steady-state periods of not less

than 12 hours each.
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Set Point 12

Upon completion of Set Point 11, the reactor's internal cyclone shall be
activated. Activation is achieved as described during the coke shakedown tests
by supplying nitrogen aeration gas to its reverse seal pot. Once activated,
changes in reactor solids feed may be required (less fines loss). Bed with-
drawal shall be activated to hold the bed ash content of Set Point 11. 1In
addition, some oxygen will be needed to raise the bed temperature as the addition
of fines to the reactor bed generally requires a higher ash agglomerating tem-
perature. The temperature rise needed is not expected to exceed 25°F. Assuming
stable conditions are achieved, data and samples should be taken for a 48-hour

period to accumulate drum quantities of ash agglomerates.

Set Point 13

If Set Point 12 is achieved with steady-state data procured, the external
cyclones shall be activated. The second-stage cyclone has a reverse seal pot
similar to the internal cyclone. To accomplish recirculation of second-stage
dust, the diverting valve shall be closed and the recirculating valve opened.
After a dust leg (level) has accumulatgd up to the bottom of the second-stage
cyclone, the aeration nitrogen will be turned on slowly until the chart traces
and bed temperature indicate flow has started into the reactor. At this time,
additional oxygen flow will be needed to restore the bed temperature. To the
extent the capability exists, the ratio of 938 (02) to 904 (steam) will be
increased to achieve the grid and annulus venturi oxygen limits, 15 and 21%,
respectively, before adding extra oxygen to the central jet by way of 9303 flow.
Probably a 10° to 15°F bed temperature rise over Set Point 12 will be required
to sustain full ash agglomeration. Depending upon the amount of extra oxygen
required, a feed rate change may or may not be neéessary to hold the bed level.
It will take 6 to 12 hours to substantiate steady-state operation. When steady-
state is achieved, program requirements consistent with time allowed may suggest

a 72 to 120 hour test period as discussed below.

Extended Coal Test

Based on results from the above coal test run and from simultaneous efforts
on the 2-inch-diameter bench-scale unit and the cold-flow model, a logical
approach to ash-balanced operation with coal will be developed and form a specific
basis for .an extended period test with coal. The objective of this test will be
to operate for 5 days under ash-balanced, agglomerating conditions at operating

variable values determined from Set Points 1 through 13.
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D. Pressure Tests

. The objective of these tests is to determine if reactor operation changes

significantly with an increase in pressure.

After tests at atmospheric pressure have determined a test pafameter
"envelope' for ash-balanced gasifier operation at controllable conditions,
U~-GAS engineers will carry out tests at a higher preséure. IGT feels testing at
only one higher pressure level, 60 psia, will suffice to extrapolate reactor
hehavior to the demonsfration plant's design value of 90 psia.- However, if
60—§sia test results cannot be readily extrapolated from those ét atmospheric

pressure, tests at intermediate pressure, 40 psia, will be carried out.

The first 60-psia tests will serve to shake down the U-GAS reactor oper-
ating in the high pressure regime. During shakedown tests, the gasifier will
.use .a coke feed. Following demonstration of stable gasifier operation with
coke; U-GAS engineers will start feeding coal. The test will proceed with
coal feed at operating variable values from the previous atmospheric pressure
long-duration coal test. The test will last several days to demonstrate

stable gasifier operation with coal feed at 60 psia.

1f warranted, tests at 40 psia will be carried out in the same manner as

those at 60 psia.

~
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E. Paramétric Tesﬁs

The objective of these tests is to determine the gasifier's turndown capa-
bility, response to changes in operating variables, and load-following charac-

teristics. More detailed plans for these tests will be formulated after the

6 months pilot plant operations.

Turndown Tests

Turndown refers to the ability of the gasifier to produce a smaller
quantity of gas with no decrease in gas quality. During turndown tests the
gasifier will operate on coal. 1In the first test, operators will achieve
stable, atmospheric gasifier operation. They will then reduce feed rates of
coal and process gas in small decrements. If the bed remains well-fluidized
and gas quality does not suffer, operators will proceed to the next decrement,
and so on, until fluidization or gas quality finally deteriorates. At this

point, operators will restore the gasifier to the original operating conditions.

In the next test, operators will achieve stable, steady-state gasifier
operation at 60 psia. They will then reduce feed rates of coal and process
gas in small decrements, and follow the same procedure as in the atmospheric-

pressure turndown test.

Response to Changes in Operating Variables

For these tests the gasifier will operate on coal. Operators will achieve
stable, steady-state gasifier operation at atmospheric pressure. They will
then reduce and restore, in succession, each of the seven operating variables

' Amount of reduc-

described in the section "Control of Operating Variables.'
tion will be determined by change in outlet gas quality; for example, either
an increase or decrease by 10%, or other pre-determined percentage, in heating

value.

The test will then be repeated, except operators will first increase and
then restore operating variables. Amount of increase will, as in the previous

test, be determined by change in outlet gas quality.

Load Following Capability

For these tests the gasifier will operate on coal. Operators will achieve
stable, steady-state gasifier operation at 60 psia. They will then attempt

manually to alter gas output in response to an artificial load. This artificial
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load will be a line on a pre—pfepared strip chart. The strip chart will be
-mounted in the product gas flow recorder. The operator will attempt to

sUperimpdse the line record of product gas flow on the artificial load line
without sacrificing gas quality. Achieving and controlling this capability

in the U-GAS pilot plant may require additional automatic control components.

31

I N.S T I T U T E O F G A S T ECHNOGL OGY




CONTROL OF OPERATING VARIABLES

Past experience has shown that nearly all observable reactor behavior

depends on seven controllable operating variables. These are:

1) fluidized bed temperature

2) superficial velocity

3) velocity through the venturi annulus

4) fluidized bed height

5) fluidized bed ash concentration

6) oxygen concentration of process gas entering the distributor

7) oxygen concentration -of process gas entering the venturi annulus

All other variables such as product gas composition, feed rate, process
gas overall composition, bed density, bed solids removal rate, and ash discharge

rate depend upon changes made in the seven primary operating variables.

U~GAS operators achie&e control of each operating variable through raising
or lowering certain numbered feed streams, shown in Figure 4. The methods of
changing operating variables are given in Table IV which follows. Thebdiagrams
in the table show différent streams being raised or lowered depending on
whether the process gas is a mixture of air and steam, air and steam and oxygen,

or oxygen and steam.

To raise fluidized bed temperature, for example, assuming the process gas
is a mixture of air and steam, the U-GAS operator would lower the flow in
streams 903 and raise those in streams 905 and the air jet 9405. 1If oxygen
concentration at the grid exceeds 15% from these changes, there is a danger
of sinter formation. In this case, the operator would raise, instead of lower,
steam flow to stream 903; and lower, instead of raise, air flow to stream 905.

However, air flow through jet 9405 would have to be increased more than before.

The other variables are altered in a similar manner, as shown in Table IV.
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TABLE IV
FLUIDIZED BED TEMPERATURE

Raise Lower
Stream Air Enriched Stm Air Enriched Stm
To No. Comp. Stm Air-Stm Oxy Stm Air-Stm Oxy
7y 9' , ' ' ‘
Grid 903 Steam  *. * *y T T
Air . '
Heater 904**  Steam 3 T
: * | )
Grid 905 Air *v T ¢ *g l l
| i ,
Ann. 906 Air 9 1o
Air T
Heater 938**  Oxygen l
Jet 9303 Oxygen _ t T l l
X .
Ann. 9304 Steam +i +1

Jet | 9405 Air T . l i T

« Only if grid oxygen conc. will exceed 15%.

**  These streams plus air from compr. flow to air heater. Process gas from air heater
flows to streams 9405, 905 and 906. (Refer to Fig. 4)

+ Only if venturi annulus oxygen conc. will exceed 21%.
Legend:

Raise | |

Lower
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TABLE 1V (Cont'd.)
SUPERFICIAL VELOCITY

' Raise Lower
Stream Air Enriched Stm Air Enriched Stm
To No. . Comp.. _ Stm .- Air-Stm. Oxx Stm  Air-Stm | Oxy
‘Grid 903 Steam t ’ 4 B A Ny ¥l
az:ter 904** Steam T : l
Grid 905 Air T T T ¢ | ‘ .l
Ann. 906 Air
yAir %

Heater 938**  Oxygen

—+ —»
- &

Jet 9303 Oxygen

Ann. 9304 = Steam

Jet 9405  Air - ¢ t t ‘ " ! R

L3

**  These streams plus air from compr. flow to air heater. Process gas from air heater
flows to streams 9405, 905 and 906. -

Legend:

raise 11

Lower
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VENTURI ANNULUS VELOCITY

Lower
Air Enriched Stm
Stm Air-Stm Oxy

* Only if venturi annulus conc. will

Legend:

Raise T¢

Lower

I'N ST I TUTE 0O F

exceed 21%.

**  These streams plus air from compr. flow to air heater.
flows to streams 9405, 905 and 906.

36

A

Raise
Stream Air Enriched Stm

To No. Comp. Stm Air-Stm Oxy

Grid 903 Steam

Air

Heater 904** Steam

Grid 905 Air

Ann. 906 Air T : ? T
CAir

Heater 938** Oxygen

Jet 9303 Oxygen

Ann. 9304 Steam

Jet 9405 Air l l J

S

‘

Process gas from air heate
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OXYGEN CONCENTRATION OF GRID PROCESS GAS

Raise
Lower

flows to streams 9405, 905 and 906.

Legend:

"

I'N_$.T.4 T U T E 0O F
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A

. Raise

. Stream Air Enriched Stm
To .- No.  Comp. Stm Air-Stm ~ Oxy
Grid 903 Steam ‘ i‘ ‘
Air
Heater 904** Steam
Grid 905 Air | T ? ?
Ann. 806 Air
Air
Heater 938** Oxygen
Jet 9303 Oxygen
Ann. 9304 Steam :
Jet 9405 Air ‘ ‘ 1’

Lower
Air Enriched Stm
Stm Air-Stm Oxy-

T ' 4 ? - TL

f

. ** - These streams plus air from compr. flow ;6 air heater. Process gas from air heater

TECHNOLOG Y



FLUIDIZED BED HEIGHT

Raise Lower
Stream Air Enriched Stm Air Enriched Stm
To No. Comp. Stm Air-Stm Oxy Stm Air-Stm Oxy
Grid 903 Steam
Air

Heater 904** Steam

Grid 905 Air
Ann. 906 Air
Air

Heater 938**  Oxygen
Jet 9303 Oxygen
Ann, 9304 Steam

Jet 9405 Air

—p
—> —
—>—>
-~
-—

Feed Rate

Note:

As new bed levels are approached, both feed rate and 9405 flow will have to
be readjusted to stabilize bed height.

[
**  These streams plus air from compr. flow to air heater. Process gas from air heater
flows to streams 9405, 905 and 906.

Legend:

nise | |

Lower
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FLUIDIZED BED ASH CONCENTRATION

Raise Lower

, Stream- Air Enriched Stm Air Enriched Stm
To No. Comp. Stm Air-Stm Oxy Stm Air-Stm Oxy
Grid 903 Steam |
Air : i
Heater 904** Steam
Grid 905 Air
Ann. 906 Air
Air
Heater 938** Oxygen .
Jet 9303 Oxygen
Ann. 9304 Steam
Jet 9405  Air ‘ ‘ y 1 a T 1
Bed disch. flow l l l T T . | T

4

**  These streams plus air from compr. flow to air heater. Process gas from air heater
flows to streams 9405, 905 and 906.

"Note:

As new ash concentration is approached both bed dlscharge rate and 9405 flow will have to
be readjusted to stabilize bed ash content.

Legend:

Raise | |

Lower

SINS T T UTE
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OXYGEN CONCENTRATION OF VENTURI ANNULUS PROCESS GAS

Raise " Lower
_ Stream Air Enriched Stm Air Enriched Stm
To No. Comp. Stm Air-Stm Oxy Stm Air-Stm Oxy

Grid 903  Steam - ? t N ! ‘
Air : | . | +

Heater 904** Steam
Grid 905 Air ' : l ' ‘ T : T

Ann. 906 Air T ' l

ﬁizter 938**  Oxygen g T . T l l

Jet 9303 Oxygen
Ann. 9308 Steam l . T

Jet 9405 Air

t

** These streams plus air from compr. flow to air heater. Process gas from air heater
flows to streams 9405, 905 and 906.

Legend:

aise 1 |

Lower
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e

The main purpose of running the U-GAS Pilot Plant is to produce an accurate

TEST DATA ACQUISITION AND REDUCTION

data base and to perform data analysis to determine the design conditions

suitable for commercial utilization of the U-GAS process. To achieve these

objectives, accuracy, care for detail, efficiency, and thorough

checking and rechecking are necessary. To establish a good data base, the

procedures described below must be followed carefully.

must be updated to reflect any.changes made in the pilot plant system.

1. Data Acquisition

PN S T ;T U T E 0 .F =& G A S T ECHNOL-0G Y

To ensure a uniform data base, a simple procedure has been

instituted regarding data acquisition.-

At the start of each run, a shift engineer will assemble a
large accordian file folder with 5 cut files placed inside

properly marked with the following labels:

a) Panel & Local Dafa, Run # ,
b) Data Reduction, Run # .
c) Check Lists, Run # .
d) ' Analysis, Run # ' s
e)  Charts, Run #

Use a marker to indicate the Run number on the pocket folder.

A sample of Panel and Local Data sheets together with solids
discharge sheets (C-4, C-7, 2nd stage fines, 3rd stage fines)

. N
are provided herein. (See Appendices B-1 through B~6.)

On all the data sheets complete and accurate entries must be
made of the Run number, the date, the names of operating

personnel, etc.

A proper markup of all the charts at the beginning of each
shift is mandatory (e.g., time, date, run number). If the
chart does not correspond to the clock, make the proper

ad justment.
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° Monitor all the charts (especially the feed chart) every few
minutes to ensure their operability. If something appears to

“be amiss with any chart, take corrective actions immediately.

. If for some reason data are not recorded on the panel or
local data sheets during the course of the run, please indi-
cate the nature of the problem on the data sheet for that

particular time interval.

® The shift engineer is responsible for making precise and

appropriate entries in the log book during the cotivsae of the
run. Log the exact chain of events as you perceive them and
record your respective actions. (Refrain from entering such
trivial remarks as 'made a round of coffee tonight!") Some-
times in emergency situations, shift engineers have to take
quick and thoughtful actions. At these moments, don't just
spend time writing in the log book. Instead, fry to bring
the situation under control through analyzing and attempting
to solve the problem first. Make entries afterward without

drawing any undue conclusions.

° Any data acquisition changes in the pilot plant (e.g., new
thermocouples, new loops, etc.) shall be incorporated by the
shift engineers in the panel and local data sheets before the

start of the next run.

2. Data Reduction

® ° To assess the actual operating conditions (flows, velocities,
etc.) during the AAG test runs, it is important that the shift
engineer on duty reduce the run data every 2 hours (or more
‘frequently if necessary). A sample of input data sheet is
included herein for reference. All the flow, temperature and
pressure readings from the panel and local data sheets should
be entered with care (always check entries against the panel

and local data sheets). (See Appendix C-1.)
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° A portable Data Terminal (Model 745, Texas Instrument) has
Been installed in the AAG Control Room. To reduce the data
reduction time and computer charges, a run-only-version of
the floﬁ program (On-Line System) has been prepared. A
sample of dn—Line System, Input-Output is attached. ~Follow
the sample sheet carefully and obtain an output in a reason-

- able amount of time (it should not take more than 5 minutes

to get the output). Figure 5 shows a sample input/output.

® While still receiving the output, check the input to the
computer from Input Data Sheet and make sure there are no
errors in transferring the numbers. Initial the Input Data

Sheet to verify that you have checked it.

e If for some reason an access to the On-Line System is not
available, call 368-1895 (instead of 363—1380). If the prob-
lem still persists, inform On-Line Operations in Pittsburgh
at (412) 931-7600 and explain our problem to them. If, in
spite of all this, the problem still exists, don't waste time
trying to run the computer. Instead, try to prepare the
Input Data Sheet (you don't need a computer for this) and run

it off when access to the On-Line System is available again.

. From time to time, either a change in the orifice diameter or
meter range on some flow is necessary. In this event, the
shift engineer should inform the Data Analysis Group of the
change as quickly as possible. Under such circumstances the
necessary changes in the program can be made to reflect the

new conditions.

° We have a computer program for the orifice plate to determine
the flow of steam, gas and liquid through a specific orifice.
With a change in orifice diameter, a new coefficient must be
calculated and the flow program must be updated to reflect
that change. For a change in Meter Range, the data file must

be updated.

° At the end of each run, the Data Terminal should be properly

cleaned and returned to the office.
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ENGEL
Ve

SCHEDULED' MAINTENANCE 10 FRCCDT® TO 12 PRYERTY AUG. 1
31.-JUL.TE - CHICAGG USESSs PLEFATE YYPL INFDFM,
SYSTER- ..

FOF AAGS . THP
FILE CFERTED

#1100
00100 12¢ R )
00110 TN TR hh s

~o0zo g .
00130 3.0+314371534)
0

00140

00150 T 3969320
001¢0 7.6+693+20
00170 0

001C:0 0

60190 3.6+74,78»C

vocon &.4,90,68%
00210 2.¢

00ce0 0
002350 4.85+180+20.5
00c«40

[J
[ Teb-aaTU] 2.9+90.88
00z60 641969685 &1 19702
00ev o ’
*SAVE
FILL CAVED
L J

SYSTENZ..

<RUN AARGS .

TYFE 1 FOF FILE INFUT. TYPE 2 FOP TTY INPUTS 1

ARG RUN NMUMBEP  t12C ’ " DATCT 07-11-78
TINC: 0800

0:YGEN CONCENTRATION DF FF 90% .06 (AND 909 WHEN APPLICABLE> FLDMS = 21.00 :.

O:YGEN CONCENTRATIONM ABOVE VENTUF] = 21.00 =%

O:YGEN CONCENTRATION AT GRID = 14.32 =%

STREAN RANGLC H. R, TEM PRETO COMPH’'T oL WY 2 FLOW rMOLA® FLOW

C"W.Co <DLC F> (PSIGO CLE-/HR ) (LB=MOLE . 'HR>

R 9503 100.0 3.60 314.0 T1.0 STEAN 16.00 2%e.4 14 .34
FR 904 50.0 0.0 - 0.0 0.00 '
FR 905 15.0 ?.30 693.0 20.0 nixTR 28.90 80€ .0 30.76
R 90¢ S0.0 T.60 692.0 20.0 NINTR 28.90 1012.1 35.0C
FR 9304 100.0 6.0 0.0 0.00
FR 93C 100.0 0.0 0.0 0.00
FR 9302 100.0 3.0 74.0 78.0 oz 3c.00 cu1.8 G.31
FR 937 100.0 2.40 90.0 85.0 N 28.00 48.1 1.72
FR 918 100.0 2.80 STEAM 18.00 S24.9 2%.72

. FR 9330 69.2 0.0 ’ 0.0 0.00
.FR 995 30.0 4.5 180.0 0.5 RIR 28.90 19¢0.3 o7 .03
R 909 30.0 ° 0.0 ) 0.0 “ 0.00
FR 9394 200.0 ~ 2.90 90.0 68.0 N2 " 28.00 376.5 13.4%

DVERALL SUPERFICIAL VELDCITY (& 1930.0 "Fy 6.0 PSIG) = 4.20 FPJ
GRID VELDCITY (@ 1930.06 “F+ &.0 PSIG) = 2.20 FPC
VENTUR] VELOCITY (& &¢8Z.0 "F»r» .6 PUIGs 2,07 DIR)> & 113.60 FPS
PCT. DEV. DF SUR OF 99% 930904 (MHEN APPLICABLE Y

AND SUM OF 905,906C(WHEN APPLICABLEY = 3,02 %

STREAR 904 IS ROUTET 10 RIS HEATER

[=ANEE R B %
R

. SYSTEM?.. R .
JUNMSAVE ARG . THF

FILES UMSAVED:
- ARG . T

Figure 5. ON-LINE SYSTEM INPUT-OUTPUT
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3.

Data

All in all, Data Reduction every 2 hours serves two purposes:

a) . We get an accurate picture of the operating conditions
of the plant which enables us to make any changes

required, and

b) As a By—pfoduct, 40-50% of the data analysis work is

begun.

Analysis

Once the data reduction is accompiished, (at every 2-hour

_interval) the next step in the data analysis requires prepar-

N § T

ation of a Data Summary Shee; (see Appendix C-2). This data
sﬁmmary sheet is in essence a running log of the entire test
run. Here the raw data on gas and sélids flows are reported
together with analysis of reactor gas and solids (feed, bed,
C-4 discharge, C-7 discharge, 2nd stage fines, 3rd stage
fines). Both the reactor gas composition analysis, as deter-
mined by the Mass Spectrometer, and solids analysis (proximate,
ultimate and heating value) are performed by IGT's State Street
Analytical Groups. Generally, a data summary sheet with all
gas and liquid flows is kept up-to-date as we proceed with the

run.

After careful evaluation of the data summary sheet, some
steady-state time periods are selected for analysis. In gen-
eral, these time periods reflect reasonably stable temperatures
and flow rates. Samples are then selected from these time

intervals and sent to State Street for the required analysis.

On receiving these analytical results, an attempt is made to
prepare material and energy balances for these steady-state

periods.

a) Manual Method

First, worksheets of material and energy balances (see
Appendices C-3 and C-4) are prepared. Then the neces-
sary information is transferred to the Material and

Energy Balance Summary Sheet (see Appendix C-5). . Also
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N § T

an "Operating Data ‘Summary' sheet is prepared for the

particular steady-state time period (see Appendix C-6).

Computer Method

Recently, a computer program has been devised to pre-

pare material and energy balances for AAG.
The following inputs are required:

time interval, ultimate analysis of feed, C-4, 2nd stage
fines, 3rd stage fines, C-7, bed, feed moisture content,
solids feed rates (all), gas flow rates, compositions of
various streams like grid gas, venturi gas, etc., reactor
gas composition (dry basis), initial and final bed height
and density, temperatures of various streams, steam pres-
sures and HHV of solids. The output is printed as in

Figure 6 which follows:
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Figure 6

- AAS MATERTAL FHD HEAT BALANCE SUMMARTY
RUM NO. 122 ©  DATE ~ 2-30-7C TINE PERIOD 1200--1200

BAzIZ= 1 WFe. ALl UNITI I LT UWiESS OTher  WIZE HOTeD

G000 00000000000000000 0000000000000 000000003030000000000000000000008400000000

e INFUT . RIA N .= H 0 TOTAL ETU - HF
G00000000000000000000 0000000000000 00000000000000000000000000030000000600%0%0000
® icc 11e8.7 I4dil.¢ cl.c o3.7 OC O 14c.o 1250.0 S1oci1ss,
oTO vENTURI Sec .7 1.7 134. 74z .¢ Sl
«TQO 6rI1D c40n.3 8.1 1:aa.u 3871.C 1033057,
«TD REARCTOR , T0.0 0.0 70.0 -1ce.
URGETS 2721 2%e.1 &R,
1000000000000 00000000000000000000000000000000000000000000009000000400600630088064
eTOTAL INFUT 11éc.7 240.¢ 34%1.¢ 33,7 14V .2 1720.8 693¢.0 &C1c4445,
P000000000600000000000000000000000000000000000000000000000000009069000000000004
oWril. L LOSSES o.u 0.0 a.0 0.0 ¢.0 0.0 .0 csnnon,
oYNTRI DISCHiirGE 3.1 2.7 .0 .1 .0 0.0 37 .9 42549,
¢BED DISCHAIRGC 25.2 t113.¢ 0.4 ©.6 0.4 0.0 16c.4 393443,

" ®2ND STAGC FINES 414.1 152.6 5.4 ee.0 3.5 0.0 o03.¢ o001 13.
o3FD STAHOE FINES 7.9 3. 0.1 0.4 0.1 0.1 1¢.0 128704,
eBED INV. CHANGL -1.9 -S.3 -0.0 -U.4 -0.0 . 0.0 .3 -Z3cud,
SREACTOR GAT Sud .o 244%.C .6 167 .2 1é3e.g B582F.0 1401183,
G000 0000000000000 090000000000000000000000000806000000060000006000000000600090¢5004
«TOTRAL DOUTPUY 1083.¢ J0¢.n 24351.C 34.C 1&7.0 1¢352.2 6040 .¢ 123301400,
0000000000000 000000000000000000000000000000000000000000000300600000200600000000
oNET <(DOUT--1IH» -145.1 -2c.2 0.0 --5%5.4 .01 -cl.t -¢95.4 T ST TGRS LY BN
S BALANCE OUT.-IN &v.é A0S 100,00 32.0 1o00.0 3¢ .4 - b aan,

G00000000000000000000000000000000000000800000000000000000000000000000000800004
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4, Data

Once

Storage and Reporting

the run is over, the shift engineer on duty must make sure that the

run folder is arranged properly and readied for data analysis. The following

actions must be taken to preserve the valuable run data.

During the run, make sure there are no missing data sheets.

Arrange them in proper files when you start a new sheet.

Shift engineers are responsible for checking the entries on

all the data sheets (date, run number, time, initials, etc.).

All the charts should be properly folded and identified and
then placed in thg appropriate file.  Folded charts should be
within a 7-1/2" X 10" size range. On each folded chart a
proper -identification (run number, title, date, etc.) must be
marked. Use paper clips and rubber bands to hold the charts

together.

Put all solids discharge data sheets with Panel and Local Data

sheets.

If qﬁick;ash analysis results are available on several samples
like bed, 2nd and 3rd stage fines, C-7, C-4, etc., arrange
them in their proper categories and in chronological order
(time and date) and staple them separately (each category)

to avoid any mixups.

For easy retrieval, all run folders are stored in chrono-

logical order in file cabinets in the office.

At the end of each month, run data are reported in the
Monthly Report.‘ They include run data summary, operating
data summary, mass and heat balances and the commentary on

the run itself.

In the event of late arrival of some analysis of solids,
pertinent information is.released as and when it becomes

available.
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5. Weight Fraction of Agglomerates

_ The primary purpose for investigating various operating parameters such as
bed height, bed ash content, superficial velocity and bed temperatures, is to
~ determine the rate of ésh agglbmeration. This rate, for the purpose of moni-
toring the test operation{ should be determined rapidly as the test proceeds.
What is wanted is the weight fraction of the agglomerates in each solids dis-
charge stream. This determination can be accomplished by an actual physical
removal .and weighing‘of agglomerates from solids discharge samples. Another
method is to take the same samples and détermine by a float-sink (putting the
material in a fluid to float the char and sink the ash) method, the weight
fraction of agglomerates. The latter method could be excellent for accurate
determinations of ash agglomerate concentrations provided that the agglomerates
are consistently heavier than the char. However, this float-sink method ié
time-consuming and is inappropriate for control of bed ash content during the
test program. Accordingly, the more suitabie method during a test run is to
weigh the bed samples taken hourly and physically separate the ash aggldmerates
by hand. IGT's experience with sqch samples leads to the conclusion that | ,
accuracy to within 5% can be expeéted.‘ This accuracy, along with the time re-
quired, would be acceptable to yield rapidly the information needed for program
changes for succeeding Set Points. The agglomerates separated would be weighed
along with the bed sample weight, and the ratio would yield the peréent agglom—-
erates. If bed with&rawal is under way, the withdrawal rate would be multiplied
by the agglomerate percentage in the bed sample to determine the agglomerate
withdrawal rate. Upon adding this rate to that of agglomerates discharged
from the venturi, the sum can be compared to the actual ash feed rate. From
this information, a graph will be prepared relating bed ash content to percent

of ash agglomerated.

As a back-up, the ash concentration of various particle size fractions
will be determined on the same bed sample. Although the manner of illustrating
agglomerate concentration by particle size has not been determined, its relation-
ship to bed temperature may be found to be obvious, depending ﬁpon the results

obtained.
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NORMAL AND EMERGENCY OPERATING PROCEDURES

This section gives the major U-GAS. operating procedures involved in

normal operation and emergency circumstances. .

Normal Operating Procedures

During normal operation, U-GAS operators follow several procedures. These

procedures are for the following purposes:

® maintaining bed temperature

® switching from coke to coal feed

® maintaining bed height

° switching from steam/air to steam/oxygen gasification
and vice versa

° idling the unit

® normal shutdown

] manway opening

(Appendices D-1 through D-7 show these procedures.)

Also U-GAS technicians use the following sampling procedures to collect

data during normal operation:

() feed

® bed

® 2nd stage cyclone fines
® 3rd stage cyclone fines
o reactor gas

° product gas condensate
‘o venturi discharge

e bed discharge

(Appendices D-8 through D-15 show these solids aﬁd_gas sampling
procedures.)
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Emergency Operating Procedures -

During emergencies, U-GAS operators follow several shutdown procedures:

N S T

high
loss
loss
loss
loss

loss

temperature in the reactor
of steam

of process air

of power

of nitrogen

of feed

(Appendices E-1 through E-6 show these procedures.)
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-COST ESTIMATE

A sﬁmmary of costs for the Pilot Plant operations is
shown in Table 5 below. The costs are broken down into general categories
of labor and materials and services. The usual DOE facility overhead charges
and IGT's G&A costs are included. A more detailed breakdown of costs will

be provided under separate cover.

Table 5. ADDITIONAL FUNDING REQUIRED
FOR TASK IX — TECHNICAL SUPPORT

(Cost Estimate Summary)

Total Direct Labor _A $ 255,673
Materials/Services ; 626,570

Total Direct Costs ' $ 882,243
DOE Facility Overhead @ 177 . 149,981

Total Direct and Overhead Costs $1,032,224

General and Administrative @ 9.0% 92,900
Total Estimated Cost $1,125,124
52
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APPENDIX A

U-GAS Start-Up Procedure
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Institute of Cas Teéhnology
U-GAS Program

U~GAS START-UP PROCEDURE

Rev. 8/21/78
Form AAG 7-20
Project No. 9616

Run No.
. REMARKS
STEP DATE TIME INT. ACTIONS (PROBLEMS AND SOLUTIONS)
1 Start the inc¢inerator. (Refer to specific procedure.) *
2 Start valve check list -
Close bed discharge valve (FV9349) C4, C5, C6, C?7 vents.
Open venturi slide valve (FV932), main air supply
valve (V0'-5).
3 Open product gas inlet valve to scrubber FV91SA and
product gas bypass PV966. Be certain that reactor
rupture disc valves VO'-243, V59'-76 are open.’
Check blast connections to above-mentioned valves.
4 Turn on all recorders. Set time and date stamp on

A9 0 17 0 NHD 3 1

charts. Verify all recorders, controllers, indicators
for zero readings. Set all controllers on zero setting
and on manual operation, except: )

TIC 917 at 600°F on Auto operation
TIC 9330 at 700°F on Auto operation
PIC 901 at 20 psi on Auto operation

Page 1 of 12

* Specific operating procedures are detailed in the Procedures Manual.
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Institute of Gas Technology

Rev. 8/21/78

U-GAS -Program Form aAG 7-20
Project No. 9616
U-GAS START-UP PROCEDURE Run No. .
. REMARKS
STEP DATE TIME INT. ACTIONS (PROBLEMS AND SOLUTIONS)
1 s Check instrument air to -PDT, FT, PT, FIC, FR, etc.
(both panel and local mounted) plant air to cooling '
rings, and nitrogen to pneumatic valves. v
4 6 Open slightly FV905, 506 and 9405 and set them on
’ manual. operation.
) +
7 Turn on all steam tracings particularly at product gas
line, 2nd and 3rd stage diplegs, PV 966 vent 1line, feed
chute to silo A and transfer screw feeder to silo B.
8 Start scrubber (refer to specific procedure)
Page 2 of 12
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Institute of Gas Technology

U~GAS Program

U~GAS START-UP PROCEDURE

Rev, 8/21/78
Form AAG 7-20
Project No. 9616
Run No.

STEP

DATE

‘TIME

INT,

ACTTONS

REMARKS
(PROBLEMS AND SOLUTIONS)

Open main N, supply to reactor. Set purges per N
purge list.” Take one set of local and panel data.

Adjust purges until all PDR's are zero and note settingq.

Spool piece must first be installed in nitrogen supply
line to reactor. Wire blind flanges to spool plece.
There should be NO flow through the 9361 loop or
FI9349, ‘

10

Check all blast taps on all solid handling valves.
Use radios and confirm flow on FR9314 (total nitrogen).

11

Check FR9314. If flow does not fall below 1.0 an
unmetered blast is left open. (Total purges
<15 moles/hr.) '

12

Check N, purges to the reactor against FR9394.
It shouid fall between 3.0 and 4.0.
(12.5 to 16.5 moles/hr)

Page 3 of 12
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Institute of Gas Technology

U-GAS Program

Rev. 8/21/78
Form AAG 7-20
Project No. 9616

Run No.
U-GAS START-UP PROCEDURE
f REMARKS
STEP | DATE TIME INT. ACTIONS (PRQBLEMS AND SOLUTIONS)
13 Open N. supply to lst and 2nd quencher. Set pressure
on PI 9103 and PI 9121 to 35 psi. .
Y
14 Turn on all purges to L-valve, set at 10.0
F1 9341 F1 9345
FI 9342 FI 9346 ,
FI 9343 F1 9347
FI 9344 -
15 Turn on N, to 9303. Set FIC 9303 at 3.0 on automatic
position.” Leave manual and auto station open on
21'-6" level. (%4.8 moles/hr,)
16 Turn on start-up burner and open air valve. Adjust
flow to 4" H,0 on PDI 972 and. 3.0 on FI986 for cooling
nozzle (on 23'—2" level). Be sure to install spool
plece on the natural gas line.
Page 4 of 12
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Institute of Gas Technology

U-GAS Program

U-GAS START-UP PROCEDURE

Rev. 8/21/78
Form AAG 7-20
Project No. 9616
Run No.

STEP

DATE

TIME

INT.

ACTIONS

REMARKS
(PROBI.LEMS AND SOLUTIONS)

17

Call analytical group; ask them to start gag analyzer
aspiration. Make sure the block valve (V50'-76) for
steam tracing and product-gas sample line is open,
Raise reactor presgsure to 6 psi for sufficient analyzer
pressure by adjusting PIC 915A. (Analyzers located in
adjacent lab, Bldg. 19.)

18

Inform Steam-Iron: AAG will use 300 #/hr of 150 psi
steam in 8 hours. AAG will use 12,000 SCFH of N2 in
4 hours.

Inform HYGAS: AAG will use 10,000 SCFH of plant air
and 1,000 SCFH of natural gas immediately. AAG will
need a continuous supply of instrument air. 4

19

Turn on compressor (refer to specific procedure).

. Important: Before turning on the compressor,clean

the compressor room with air hose. Cover air inlet
fiLter before cleaning the room and remove cover
afterwards.

20

Switch PSL 960 (process compressor failure low
pressure) to off position. -

Page 5 of 12
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Institute of Gas Technology

U-GAS -Program

U-GAS START-UP PROCEDURE

Rev.

8/21/78

Form AAG 7-20

Proj
Run

ect No. 9616 -

No.

STEP

DATE

TIME

INT.

ACTIONS

REMARKS
(PROBLEMS AND

SOLUTIONS)

21

Ratse FIC 905 to 6.0, FIC 906 to 8.0 and FIC 9405 to
2.5 automatic mode. Maintain 20 psi at PIC 901.

(9405 & 9303 to net 100 fps at center jet.)

7° = 150°F FR 905 = 37 moles/hr

P = 20 psig FR 906 = 35 moles/hr
FR 9405 = 6 moles/hr

22

Mark and tare C-4 and C-7 discharge drums.
Start local and panel data recording.
Mark and tare 2nd and 3rd stage dust drums.

23

Start the air heater and raise to 400°F 1n no less than
1 hour. (Refer toospecific procedure). Ingrease the
temperature by 100 F/hr till it reaches 800 F.

24

Check PI 919 reading. 1If it exceeds Jlpsi, the product
gas line is partially plugged: Check all PDI's
readings to locate blockage and clear {it.

Pageg of 12
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U-GAS START-UP PROCEDURE

Rev. 8/21/78
Form AAG 7-20
Project No. 9616
Run No.

STEP

DATE

TIME

INT.

ACTIONS

REMARKS
(PROBLEMS AND SOLUTIONS)

25

While the git heater temperature is being raised,
pressurize the system by adjusting PIC 915 until it
reads 10-15 psig.

26

Check to make sure both quenchers are drained of water
and solids during the pressure test.

27

Check for leaks at all flanges and screw thread joints
which were opened before the run. Also check packings on
reactor screwfeeder and L-valve. After checking, reduce
PIC 915 to 2 psig.

28

Try start-up burner. Make sure it will stay lit for

5 minutes. (Refer to procedure for igniting start-up
burner). Then, turn it off.

Important: Do not turn off the air flow and 986 purge.

29

Turn-on N, to 903 loop. Set PV 923 at 70 psig. Set FIC
903 to acgieve 152 oxygen.at grid* Set FIC 903 on
automatic mode. Notify Steam Iron of N2 consumption.

*With TR 9206-18 at 650°F and PI 905 at 20 psig
905 flow 26 moles/hr .. 903 =10 moles/hr.

Page 7 of 12
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U-GAS START-UP PROCEDURE

Rev. 8/21/78
Form AAG 7-20
Project No. 9616

Run No.
f . REMARKS
STEP | DATE TIME INT. ACTIONS (PROBLEMS AND SOLUTIONS)
30 Calculate .
- Superficial Velocity FPS
-Grid Velocity FPS
-Venturi Velocity FPS (annular)
-Center Jet Velocity ‘FPS
-02 at Grid b4
31 Turn on scale system. (Refer to procedure for starting
scale). Switch feeding selector switch to screw feeder.
Set pointer on scale to 165 1lbs. Set silo selector
switch to feed coke. ,
32 Turn down air heater to 600°F.
33 CHEEk.aeration at L-Valve.x
Start reactor screw feeder (Automatic operation setting).
Set screw feeder rate at lower limit of slow speed
adjustment and test dump cycle.
*F1 9341-7 =10.0
Page 8 of 12
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U-GAS Program

U-GAS START-UP PROCEDURE

Rev. 8/21/78

Form AAG 7-20
Project No. 9616 :
Run No.

STEP

DATE

TIME

INT.

ACTIONS

REMARKS
(PROBLEMS AND SOLUTIONS)

34

Adjust speed of reactor screw feeder for desired solids
feed rate of 500 lbs/hr. Raise reactor screw speed
(gradually) until desired feed rate is attained.

A\

35

Feed’a total of 1500 lbs to the reactor.

36

Watch for material falling through the venturi.
Adjust FIC 906 if necessary to obtain a discharge rate
through C-4 of 10-20 lbs/hr.

37

Observe pen traces of PNDR 913 and 912 for degree of
fluidization. If in doubt, adjust FIC 903, 905 or
9405. Check velocity with computer: .

~-Grid velocity need not exceed 0,8 FPS
-Superficial velocity need not exceed 2.0 FPS

Page 9 of 12
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U-GAS Program

Rev. 8/21/78
Form AAG 7-20
Project No. 9616

Run No.
U-GAS START-UP PROCEDURE
. REMARKS
STEP DATE TIME INT. ACTIONS (PROBLEMS AND SOLUTIONS)

38 Monitor TR 3302-3. Raise air heater to 800°F. Do not

allow TR 9302-21 to exceed 1500°F. : ‘
39 Durtng heating of bed, calculate velocities at

venturi and superficial and adjust 906 to hold

10-20 lbs/hr C-4 discharge consistently.
40 If beg texperature TR 7206~3 does not rise at a minimum

of 60 F/hr, ignite start-up burner (Refer to specific

procedure.)  Shut off FI 9307 and leave FI 986 A on. Set

PDI 971 and PDI 972 at 4" w.c.
41 Incgease the heat input through the burner to obtain

100°F/hr rise at TR 9206-3 by raising PDI 971 and PD1 972

as needed. : .

Page 10 of 12
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Rev. 8/21/78
Form AAG 7-20

Project No. 961‘

Run No.
U-GAS START-UP PROCEDURE
' REMARKS
STEP | DATE TIME INT. ACTIONS (PROBLEMS AND SOLUTIONS)
42 When the reactor temperature TR 9206-3 reaches 700°F; . .,
Check BFW pressure PI 9115
1f it reads 200 psi, switch PSL 954 to off .
position.
If it reads below 50 psi, use city process water
and start quench pump.
Open block valves upstream and downstream of TV 917 and
TV 9330.
43 When bed temperature rise reaches 300°F/hr (bed auto
ignition) turn off start-up burner. Restore purge
FI 9307 at start-up burner. Close all
valves on air and gas supply lines downstream of ,
pressure regulators.
44 As the temperature 1ﬁ the bed attains 1500°F
Switch steam to 903, 904 loops.
Switch PSL 959 (low steam pressure) to off positiog.
45 Run computer calculations every, hour until bed
temperature stabilizes so as not to exceed 4 FPS
superficial velocity by adjusting 905, 903 and 9405
as needed.
Page 11 of 12
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U-GAS -Program

Rev. 8/21/78
Form AAG 7-20 -
Project No. 9616

to Test Run # specific procedures.

Run No.
U-GAS START-UP PROCEDURE
STEP| DATE | TIME | INT. ACTIONS REMARKS
(PROBLEMS AND SOLUTIONS)

46 Check gas analyzer flows. These flows can be read at the}

adjacen: lab. (Building 19). If there 1is no flow tell Cal} Analytical Group

shift emgineer.*
47 Follow specific instructions for the run by going

Page 12 of 12
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AAG
PANEL INSTRUMENTS
DATA SHEET

Proj. 9616

Form
AAG 7-10

Rev. 3/15/74 XCsr D”Ylkﬁn #

I ite

IP:lgc 1/8

“fShi ft

2300-0700

0700-1500

1S00- 2300

Ingineer

Technicians

TIME

0200 0400

0600

0800 1000 1200 1400

1600

1800

2000

2200 2400

FEED

TI 9206
High Temp. Alarm for Feed

ANR 975
Co,

ANR 977
co

ANR 978
02

ANR 981
H2

PDR 982 PSI
AP-(24.91st CYC. DIPLEG

PDR 983 ©'-10") PSI
AP ACROSS 1ST CYC. DIPLEG

PDR 9301 PSI
AP ACROSS 1ST CYC.

TI 9202 °p

Start-up burner nozzle temp.
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i Torm :

AA(‘./Panell Proj. 9616 ARG 7-10 lRev. 8/16/78 l'gesi Day lRun " [Da(e lp;,ge 278
" TIME 0200 0400 |} 0600 0800 1000 1200 | 1400 | 1600 1800 |} 2000 2200 2400°

PDI 9331 PS1

AP 2ND STAGE QUENCHER -

PI 913 PSIG

RCTR. P 5" ABOVE GRID .

PI 919 PSI

1ST QUENCHER OUTLET P.

PDI 920

AP ACROSS 3rd CYC.

TIC 9330 ¢

2ND QUENCHER OUTLET T.

FR 937 IN W.C.

N2 TO QUENCHERS

FR 903 IN W.C.

STM. /N,

G/H/V

FR 938 IN W.C.

02 TO AIR HTR.

FR 905 IN W.C.

HTD. AIR TO GRID

FR 904 IN W.C.

ST™. /Ny

G/H/V

A.SOWONHD'B.L
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anrm AAG 7-10 AI Rev.R/16/78 ITcst hay # lRun "

]D:lr(-

Tl‘n pe 3/~

AAG/DPanel ]' Proj. 9616

Time

0200

0400

0600’

0800

1000

1200

1400

1600

1300

2000

2200

2400

FR 906 in W, C.
HTD air to venturi

Air P. for 995 air flow

PDR 912 psi
OP Across entire bed.
POR 913 psi
" AP across of bed
ANR 9383
Methane .
PR 901 psig

PR 911 " psi
AP across grid

PDR 910 psi
AP across venturi

FR 920 in W.C.
Prod. Gas Flow

A9 0 7T O0ONHDO3I 1L

FR 9405 in W.C
Process air to center jet.
FR 9394 in W.C.
Purge N2 to reactor

FR 995 in W.C.
Air to air Reater

FR 918 in W.C.
HZO to 1st quencher

FR 9330 in W.C.
HZO to 2nd quencher

TR 9206-1 °F  op ;

Gas T. entering venturi
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GAS T. ENTERING GRID

AAL/PANEL Proj. 9616 FON Test Na

. . ] AAG,-27-10 [ Rev. 3/16/78 lg y 4] Run # I Date IPnge_vnly
TIME 0200 |} o400 0600 0800 1000 § 1200 | 1400 1600 1800 | 2000 2200 | 2400 .

TR -9206-2 %

RCTR. T. 142" ABOVE GRID

TR 9206-3 F
RED T. 11" ABOVE GRID
Th 9206-4 %
02 SUPPLY T.
TR 9206-5 Op
BED T. 22" ABOVE GRID
TR 9206-6 O
BED T. 33" ABOVE GRID
TR 9206-7 Op
Grid Temp.
TR 9206-8 . °f
RCTR. T. 57" ABOVE GRID
TR 9206-9 °F
RCTR. T. 69" ABOVE GRID
TR 9206-10 YE
RCTR. T. 82" ABOVE GRID
TR 9206-11 VF
RCTR. T.- 92" ABOVE GRID
TR 9206-12 VF
RCTR. T. 118" ABOVE GRID
TR 9206-13 OF

A9 0170NHDZ3L
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y/Panel | Proj. 96 rorm - TesY 01y
AAG /Pane l roj. 9616 AAG 7-10 lRev. 8/16/ 78' ' l Run # lnnte [Pﬂgt‘.s/g
TIME 0200 ] na0o | o600 Yosoo | 1000 | 1200 | 1400 1600 | 1800 J2000 2200 | 2400
o
TR 9206-14 F
QUENCHER Hz0 (INLET) T. i
TR 9206-15 Op
PROD. GAS T.
TR 9206-16 %f
GAS T. TO 1ST QUENCHER
TR 9206-17 Op
STM. T. TO AIR HTR.
TR 9206-18 °f
GAS T. AT AIR HTR. OUTLET
o]
TR 9206-19 F
FINES RETURN 3RD STG. CYC.
TR 9206-20 O
L-Valve feed nozzle temp.
TR 9206-21 %
COMB. T. OF AIR HTR.
TR 9206-22 Op

1st Quencher outlet temp.

TR 9206-23 Of

RCTR. T. 1" ABOVE GRID

TR 9206-24 . F
FINES RETURN T.

A9 0 70 NWHD3 1
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AAG/Panel :] Proj..9616

l Form AAG 7-10 IRev. R/16/78 Pbst Day # ]Run #

I Yiate

erngc 6/%

2200 2400

Time 0200 0400 0609 0800 1000 1200 1400 1600 1800 2000
T1-9206-25 %p
‘Temp. in Feed Chute R
T1-9206-26 °p
Scrubber Inlet Gas T.
o
TI-9206-27 F
Scrubber Outlet Gas T
o
T1-9206-28 F -
Water T. in Scrubber Sump
TI1-9206-29 °F
Exhaust Temp. of air htr
o
TI-9206-30 F
Air T. at FE 995
TR 902 °F

Air Htr. Control T.
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AA /Pancl Proj. 9616 torm T .

e/ I roj NG 7-10 [ Rev. BR/16/7R I# J ‘R”n p I}“”“ I Pape 7/%
TIME n200 0400 0600 0’00 1000 1200 1400 1600 1R800 2000 2200 2400

TR 917 °F

1ST QUENCHER OUTLET T.

POR 41 PS1

AP ACROSS 2ND CYC.

PR 915 PSIQ

FREEBOARD PRESSURE

FR 909 IN W.C.
FINES SWEEP GAS [N;)

FR 9361 IN W.C.
N, TO BED DISCHARGE

FR 9303 INW.C.
N,/07 TO VENTURT _

N2/03

FR 9304 INW.C.
STM/N, TO VENTURT

STM/NZ

PDR 9302 (35") PS1
AP 3RD CYC. DIPLEG

PDR 9360 PSI

8P ACROSS 3RD CYC. DIPLEG

PDR 996 PSI
ap30" 2ND CYC. DIPLEG

PDR 997 PSI
AP ACROSS 2ND CYC. DIPLEG

FI 9384 __in. W.C.

N2 to Air Heater

A9 0170 NHDZ3I L
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AAG /Panel Praj. 9616 Form R =
I ANG. 2-10 l ev. TIeSt ny lllnn ¥ r Pate lpngo a7s

| TIME 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 2400

PDI 9356 PST
AP ACROSS L-VALVE

PDI 9355 ' pPSI
AP 1' 2ND STAGE SEALPOT

i

FI 9336
Prod. Gas Sample Flow

SI 916 RPM
RCTR. SCR. FDR.

WEIGH SCALE COUNTER WI 916

Net scale setting 1b.
FR 9327 IN W.C.
TOTAL STEAM FLOW
*FR 9314 IN W.C.

Total Né Flow

P1 920
Prod. Gas Line P.

PI 986
N2 to cool Start-up burner.

AINERA S ORI AL

“REPLACT CIRCULAR CHART 0900 TIOURS [RTSU RPPTACE—INEINFRATOR-GHATE)



APPENDIX B-2




1 L § N |

v 3 1 N1

A9 0 7T O0ONMHDODZ3I L

e o

N2 Supply press PSIG(con.rm)

AAG Pro}.9616 |AAG 7-11 Rev. 8/16/78 °Biy# |Run A I pace rPage 1/13
Local Ingtruments Shift 2300-0700 0700-1500 1500-2300
Data Sheect
Engineer
Tech.
Time 0200 {0400 | 0600 | 0800 |1000 1200 | 1400 | 1600 [1800 2000 (2200 . | 2400
Feed .
VO
PI 9101 0'-0"
Steam Press., PSIC (con. rm
PI 9314 ’ "0'-0"

PI 9115 0'-0"
quench H,0 supply P.,
PSIG (con. rm.)

FI 999 . o'-0m-
N2 purge to C-4 hopper

FI 9318 0'-o"
N; purge to B. Elevator
(Bottom)

Compressor Alr Discharge
Ol_oll
1., °F (Comp. Rm.) In HG Vacuun

Alr Filter Restriction
0' _Oll
gauge (Comp. Rm.)

Check warning lighte 0'-0"
on compressor B (Comp. Rm.)

Check warning lighta 0'-0"
on Deionizer (Comp. Rm.)
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FE 906, Inlet Press., psig

zal P . 9616 o B Rev. It # t
ARG/ Loza I roj AAG 7-19 ev 8/16//} egt Day ]Run { Jnate ]Pnge 213
Time 0200 |[0&400 0500 |0800 1000 1200 1400 1600 1800 2000 | 2200 (- 400
FT 975 0'-0"
Gas Tlow CO, Anal. Cfh. )
F1 951 o'-o0"
Gas Flow H, Anal. Cfh,
FI 979 0'-0"
Gas sample bypass lime Cfh.
FI1 978 0o'-0"
GCas Flow 0O; Anal. Cfh.
F1 977 0'-0"
Gas Flow CO Anal. Cfh.
PI 905 0'-o"
" FE 905 Inlet Press., psig
P1 906 0'-0"

4
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AAG/Local lﬁProj. 9616 AAGT7-19 Rev. 8/16/78] Test Day ¥ ]Run # IDaté ] Page 3/13
TIME 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 {2400
N2 tank level (inch) 0'-0"} -
02 tank level (inch) g'-o"
FI 9412 0'-0"
N, purge to product ggapgs;gb er.
PI 9131 0'-o"
Press. of recirculating water
psig

PT 9132 gr-o%
Press. of scrubbing water to top

of scrubber psig
PI 9133 '-o"

Press. of scrubbing water to bottom

of scrubber psig
PI 9134 ot-o"
Press. at top of scrubber psig
/
PI 9135 0'-0"
Press. at the middle of scrubber
: psig
PI 9136 0r-0"
Press. at the bottom of scrubber
psig
FT 9371 07-0"
Recirculated water to spray nozzle
of the scrubber GPM
FI 9372 0'-0'

Recirculated water to plates of the
scrubhher

LGPM
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AAG/l.ocal ]Proj. 9616 AAG 7-19 Rev g/uy7§Tesc Day ¢ IRun ft Pate ?]Page 4/13

0200 0400 | 0600 0800 |1000 1200 1400 1600 | 1800 2000 | 2200 2400

3 1 n 1

Time
PI 9304 13'-10"
FE 9304 inlet Press, PSIG
PL °04 o 13'-10"
'E 904 Inlet Press, PSIG
FI 9354 13'-10"
N,

Purge to Purple Peeper

o

PI 903 13'-10"
FE 903 Inlet Press, PSIG

P1I 909 13'-10"
FE 909 Inlet Press, PSIC

v

FI 9316 13'-10"
N, to silo "A" (Bottom)

S

PI 938 - 13'-10"
FE 938 oxygen Inlet Press, PSIG

Check alr heater for [3'-10"
Hot spots on shell

Check sight port for 13'-10"
Material’ falling from venturf

A 9.0 717 0O NHDO 3 1
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AAG/Llocal l Proj. 9616

AAG 7-19

Rev 8/16/78 }Test Day

l Run_#

]Date

LPngc 5/13

Time

0200

0400

0600

0800

1000

1200 1400

1600

1800

2000

2200

2400

FI 991 217-6T

N2 Purge to H.P. tap PDT 9355

FL 9306 TTET
Purge to 2nd stage dipleg dust
. return line

F1 590 — Z1' -6
Purge 6' above 2nd stage
dust injection nozzle

FI 929 T -5
Purge 2' .above 2nd stage

dust injection nozzle

I 911 =67
ﬁz,purge to H.P. tap POT 9?3

FI 9334 21'-6"
N, purge to silo "B" (bottom}

PI 9120 21'-6"
Pre3s into venturil, psig.

PI 9119 21'-6"
Press into grid, Psig

TI 903 21”56"
FE 903 inlet temperature F

TI 9303 o21'-6"
FE 9303 temperature, F

A9 0 17T 0NMHDO 3 L

PI 9303 21'-6"
FE 9303 Inlet press., psig
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AAG/Local IrProj. 9616

AAG 7-19 Rev.8/16/74‘rest Dayf IRun # ]Date l Page 6/13
Time 0200 {0400 (0600 0800 1000 1200 1400 1600 |1800 2000 2200 } 2400

P1 923 21'~6"
Np/stm. P after PV 923,psig
F1 910A 21'-6"
High press Tap, N r t

S anraciy Pt TZeBt'AD O
PI 21'-6"
Reggig%ed maid P., Np psig.

check venturi 217-6"

For hot spots

FI 9365 21'-6"

N, purge to L-valve

F1 9349 Z17-6"

N, purge to bed discharge line

PI 9405 21'-6"
FE 9405 Inlet Press., psig.
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AAG/Local lProj. 9616

AAG T7-19

Revﬂ/|677R] Test Day FIRun 7

‘lbate

r?nge /13

Time

0200 | 0400

0600 j0800 poOOO 1200 (1400

1600 |1800

A

2200

2400

FI 9307 - 29'-2"
N, purge to gas nozzle startup
- - _burner

FI 986 29727
N7 purge to start-up bummer

FI 928 29737
Ny aeration . . . 2nd stagd
dipleg H.P. side (PDT 996 %4397)

FI 9348 2972
N2 purge-prod. gas sample
t of filte-s

PDI 972 29'-2"
plant air flow to start-up
hurner

PDI 971 29°'-2"
Gas flow to start-up burner

Check viewport for 29 =27
bed fluidization

297-27

FI 913-B

Low press tap Nj purge
(PDT 913)

FI 913-A 79717

N, purge at view port

FI 910-B 29 -7
N7 purge-L.P. tap PDT 9301
(lst stg. cyc.)

FI 925 29727
N, purge (Bed gsample tap)

FI 9356 29727
High pressure tap purge
(PDT. 93356)

F1 9355 A 291 2"
To L -valve 1/2 ft above griz.

e
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APMG/Local lProj. 9616

AAG 7-19

Rev.x/‘6/7dTest Day#

lRun i

lnnte

]

Paye

R/13

Time

0200 | 0400

0600

0800

1000

1200

1400

1600

1800

2000

2200

400

FL 93558 297-27
To l-valve 1/2 ft above grid.

FI 93444 297-2"
Nj ourge to L-valve

FI 93448 29'-2"
N, purge to L-valve
FI 920A 29°'=-2"

N2 purge on H.P. side of
FT 920 (Pro. gas)

FI 920B 297 =27
N2 purge on L.P.Side of
FT 920 (Pro. gas) ’

520 297-27
Product Gas Press.,
pisg

FL 9369 . 292" .
seal pot N, acration for reinjectiof

of 2nd stage cyclone fines

g} 9369 -A . 291 -2"
7, purge to soal pot in.dust,

reinjection line. 2nd stg. cyclone

8% to seal pot in dust 29'-2

reinjection line, 2nd stg. cyclone

F1 9391 29'-2"
N, purge to bed sample line

PI 9138 29'-2"

P. Tap on low side of PDT 913
psig

I 9341 2g'- 2"

L-valve purge ¥1

FI 9342 29'-2"
L-vaive purge #2 .

FI 9343 29 -2"

L-valve purge #3




AAG/Local

Z .
Proj. 9616 IAAG 7-19 Rev. 8/16/78 | Test Day ¥
. l [ y l Run # JDate lPagc 9/13
- TIME. 0200 |0400 0600 0800 1000 |} 1200 1400 1600 | 1800 |2000 2200 2400 | -
_‘ F1 9344 29 -2
- L-yalve purge #4 ’
[end
' FI 9345 - 298 -2
= L-valve purge #5
m
FI 9346 29 -2
L-valve purge #6
F1 9347 294 -2
o - L-valve purge #7
m PI 9110 29t -2
N2 to L-valve rotameters i '
ps1g
(2]
> 1
)
-y
m
0
‘ I
z
(o]
r
(o]
@
~
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v

: 1
AAG/local ] Proi, 9616 AAG_7-19 Rev 8/16/78iTest Dayf ]Run # Alna:e ]Page 10/13
Time
0200} 0400 | 0600 }0800 1000 1200 J1400 {1600 1800 2000 2200 260&
FI 9360 39'-0" ;
Low press. Tap purge
{PDT _9360)
FL 9482 J9 =0

N2 purge (mid) lst stage
dipleg HP. stde of (PDT 0832K983)

¥l 97319 39 =0

N2 purge (top) lst stage
dipleg !-P. side of (PDT 5‘%3)

F1 983 397-07

N2 purge (bottom) lst
stage dipleg L-P.side of (PDT 982

FI 9363 J97-07
N2 purge to flange at the top

of rctr. scr. feeder

FI 912 397-07

Low press. tap purge

(PDT 912) .

FL 931 397-07 -

Ny purge to delv. end of
rctr, scr. feeder

FI1 930 397-07
Ny purge to receiving end of"
rctr, scr. feeder

PDI 915 397-07
4P '3' freeboard,pst

FI 994 397-07
high press. tap purge (PDT
- 9302) *

F1 915 B 39'-0"
N, purge to low side of PDT 915

A9 0 170 NHDS3 1




L L S NI

3 L n 1

v

AAG/Local IProj. 2616 AAC T7-19 RHV3V16/751fent Nay # ]Run # lDate ]Pagr 12733
Time 0200 (0400 0600 {0800 ]1000 1200 14001 1600 | 1800 2000 2200 {2400
F1 984 59" Q" .
N2 purge to F.M. scale
PI 9121 ~59'-a"
Press of Quench Nj
(2nd stage) psig
PI 9109 537-C7
Press of quench H20
(2nd stage) psig
PI 9330 S -G
press of quench H70
(2nd stage) psig
PT 3103 59 -0
Press of quench Nj
(lst stage) psig
PTI 9102 %MD W
Press of quench H,0
(lst stage) psig
PI 3164 59T-CT
C-2 hopper press, in . a.c.
FI 985 597 -7
N2 purge to C-2 hopper
TI 9381 A 59'-@
BFW Temp. to wasteheat bogle:.
F
TI 9381 B 59'-0'
Steam temp, from wasteheatoboiler
F
PI 9381 A 59°-J"
BEW Press. to wasteheat boiler
. psig
PI 9381 B 59'-("
Steam press, from wasteheat toiled .
pPS1g
PI 9121 B 59'-8"
N2 supply press. to 2nd stage
quencher, psig

A9 0 17T 0NUHDIZI 1L
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v

Flow indicator to BFW to waste-
t boiler GPM

AAG/Local | Proj. 9616 AAG 7-19 Revs/ic/7slrest Dayl |Run pate [Feee 1715
- Time 0200 |0400 0600 {0800 1000 | 1200 |1400 1600 1800 |[2000 2200 [2400
TI 937 o SUT=U
FE 937, Tem., °F
PI 937 . 5Q'-0"
FE 937 Press., psig
FI1 997 50'-0"
Low Press. Tap purge
(PDT 997}
FI 9302 . 50'-0"
N rge (T 3rd 8t
,‘,292‘;‘;8 s $ToR) 358 B52%%02)
FI 996 50'-0"
Low press. Tap purge
_(PDT 996)
F19364 _ <=0
N t 1
2 PYEBEme) Syelane ot POt
FI 9381 50'-0"

FI 9104 507-07
N2 supply pressure to quenchers
psig

A9 01T 0 NHDI3IIL




I L §$ N

v 3 1L n1

A9 0 1T0NMHDODZ 31

AAG/Local l Proj. 961b

AAC T7-19

Rev 8/16/78 Test Day? | Run f

<lDate

1Pngn

(3/13

Time

0200

0400

0600

0800

1000

1200

1400

1600

1800

2000

2200

2400

FI 919 69'-6"
Migh press tap purge
(PDT 941) 2nd stage cyc.

FI 941 697 -6"
Low press. tap purge
(PDT 941)

F1 9331 697 -0"
Low press tap gurge

(pDT 9331) for 2nd stg. qanh-aP

FI 915 697 -6"

Low press tap purge .
(ppT 920)for 3rd stg. cyc. AP

F1 9338 697-6"
Purge to level indicator
(silo A)

FI 9339 697 -6"
Purge to level indicator
(silo B)

F1 9362 69'-6"
N, purge to silo A hopper
FI 9340 A 697-57

N, purge to reactor high aress.
relief valve.

FT 93408 B9V -5
N2 purge to reactor low press.
relief valve.
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AAG C-4 DISCHARGE SHEET

Sheet Number

TIME
DATE START FINISH JARE, LB GROSS, LB NET, LB TOTAL, LB DRUM NYMBER
Form AAG 7-18 Rev. Bf1/78
I'N ST ItTUTE 0 G $ TECHNOLOGY
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Run Number

AAG C-7 DISCHARGE SHEET

Sheet Number

TIME
DATE START FINISH TARE, LB GROSS, LB NET, LB TOTAL, LB DRUM NUMBER
Form AAG 7-18 Rev. 8/1/78
I' NS TI T UT E 0O F G A S T ECHNOL OG Y




Run Number

AAG 2ND STAGE CYCLONE FINES SHEET

Sheet Number

o Start fines rate at steam switchover.
[¢) A fines rate must be taken every 4 hours even if drum is not filled.
o Take final rates when shutdown procedure is started.
START TIME FINISH TIME ELP. TIME} TARE WT. GROSS WT. NET WT. RATE
DATE DATE MINUTES LRS LBS LBS LBS/HR

Form AAG 7-17 Rev. 8/1/78

I N § T

T UTE

O F

TECHNUOLOGY
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Run Number

AAG 3RD STAGE CYCLONE FINES SHEET

Sheet Number

[ Start fines rate at steam switchover.
o A fines rate must be taken every 8 hours even if drum is not filled.
[ Take final rates when shutdown procedure is started.
START TIME FINISH TIME-| ELP. TIME TARE WT. GROSS WT. NET WT. RATE
DATE DATE * MINUTES LBS. LBS. LBS. LB/HR
}

Form AAG 7-17 Rev. 8/1/78

PN S T I

T U TE O F G A S TECHNOLOGY
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INPUT DATA SHEET FOR AAG6

Rev: 8/16/78

Run No.
Date
Time
- MR T , P .
-}};}:—910030"“'. C *F TR-9206-17, steam PI-903 1 for N, ~ 1 to 905
- ) T1-937, N; psig 3 for steam 2 to 906
- MR T _- , P , )
infi-qg;" w.C *F TR-9206-17, steam PI-904 "1 for N, 0 to air htr
) o TI-937, N; poig 3 for steam 1 to 905
’ 2 to 906
FR-908 MR T P___
hm= 15" W.C. 'F TR-9206-18 P1-905
peig
"FR-906 MR T P
hm=50" W.C. *F TR-9206-18 P1-908
psig
R-9304 MR T , P '
Em—.: 100" W. C. °F TR-9206-17, steam Pi-9304 1 for N,
T1-937, N; poig 3 for steam
FR-938 MR T P
hm = 100" W.C. °F TR-9206-4 PI-938
psig
R-9303 MR T - ., P .
:m =9100" w.C. °F TI-9303 P1-9303 1 for N,
psig 2 for 0,
FR 9405 MR oF v p '
hm = 100" W.C. F TR-9206-18 m
psig .
FR-937 MR T \ P '
hmi= 100" W. C. °F = T11-937 PT 937
psig
FR-918 MR
hm = 100" W. C.
FR-9330 MR
hm= 69. 2" W.C,
FR-995 MR T , P
hm = 50" W. C. *F T T1-9203 PR-901
psig
FR-909 MR T . , P ,
hm= 30" W.C, °F TR-9206-17, steam P1-909 -~ 1 for N,
T1-937, N; peig 3 for steam
FR-9'394 MR oT ’ p ,
hm = 200" W.C. F~I1-937 TP1 9314w
' psig
2z ’ 3 .
AP vent, pol FDR 910 PI-913, psig  °F, TR-9206-1 °F, TR-9206-3 Vent Diam.,in

NOTE: For meter differential changes from indicated values, use meter reading on chart multiplied by

hm (new)

hm (indicated on thia sheet)

I N § T

T UTE

O F G A

, until the program is updated.

TECHNOLGOG Y
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4SE ACCLOMERATING

Deze:

CASIFYIZR-DATA SUMMARY

Run ¥o,

Rev., 4/14/78

Tice

IL $206.) o
GCas Terr. enterirg venturi, ¥

TE $0CET °
Gat Tezm;. epteriog grid, ' F

Tt «Ub, 3 °
Be! Texperature, ¥

TE 920¢€.1¢ °
Gat Tez;. entering quencher, F

‘FP 903 ] . SoJE/NY
Flow to Grid/Heater/venturi

TP 90L wols/hr
Flov to Crid/Beater/venturs

FR 9CS
Flovw to grid, mols/hr

FR 90E
Ylow to veoturi, mols/hr

—

Fi 3503 .
T to venturi, mols/hr

FR 938
Oxvgen to air hester, wmols/hr

FR 9303
Aux. to reactor, mols/hr

Fi of(:

Flow to cefter jet(resctor) wdls/hr

FR $3?
Atomizing Ky, mols/hr

FR 918 (lst stage quencher)
Rate of quench vater, mols/hr

FR 9330 (20d stage QUEBEREYY
Rate of quench water, mols/hr

FR 995
Alr to atr hester, wmols/hr

FR 909
Sweep gas (N,), wols/hr

Nitrogen purge to reactor, mols/by

Bed density, lbs/cu.ft.

Bed heighe, ft

Keasctor gas composITIBE [gry)y
LY

Co

CO:

H 2

CHe

H25

feed vate, wet (avg),1bs/hy

C-7 (bed)dtscharge rate, 1bs/hr

C-4(ash)dtecharge rate, lbs/hr

203 stage fines removal rate,lbs/¥r

-

378 etage fives resoval rate,lbs/¥

IC

Yeed Composition y B 7YY

49

Reactor bed Composittow Tash

b {4

Discharged bed Compo¥ITIDY Tk

k1Y

Ash Composition Yaeh

2pd stage ffunes —XC

composition, KAsh

Srd stage fives LS

cosposition ZAsh

N ST I TUTE 0O F

S

T ECHNOL OG Y



N S§ T

T U TE

APPENDIX C-3

TECHNGOLOG Y



AAG MASS BALANCE WORKSHEET

Rev. 8/16/78

Run No. Date Time Period
+  Feed Rate #/hr 02 to Heater, FR 938 wol/hr
Mositure in Feed #/hr Air to heater, FR 995 mol/hr
Dry Feed - #/hr */hr \ 02 to Heater
Carbon M.W. of gas to heater
Ash To Grid, FR 905 ®mols/hr 3 wol/hr
Hydrogen N2
Sulfur 02
Nitrogen . Steam
Oxygen Stm. to Venturi, FR 9304 mol/hr
Bed Ht./Initial/Final- / T fr To venturi, FR 906 mol/hr LI ®ol/hr
Density/Initial/Final C el N
S8 Red Tnvnt, mols/hr t/hr . 2
Carbon 02
Ash Steam
Hydrogen To center jet, FR 9405___ mol/h s mol/hr
Sulfur NZ
Nitrogen 02
Oxygen Steam
C-7 Disch. #/hr 4/hr Aux. NZ/OZ to Rectr. FR 9303 mol/hr
Carbon ! Total at Grid mol/hr N, 0, Stm
Ash FR 903
Hydrogen FR 905
Sul fur ) Total
Nitrogen Total at venturi mol/hr N, 0, Stm
Oxygen . FR 9304
C-4 Disch. #/hr #/hr FR 906
Carbon Total
Ash Total at Center Jet wol/hr N, 0, Stm
Hydrogen FR 9405
Sulfur FR 9303
Nitrogen Total
Oxygen Fines Reinj. gas, FR 909-N2 mol/hr
2nd Stage Fines . #/hr ¢/hr Total N, purges mol/hr
Carbon Total N2 Input ®0l/hr
Ash Purges, incl. 909
Hydrogen N2 at Grid
Sulfur NZ at venturi
Nitrogen N2 a8t center jet
Oxygen N, from feed
3rd Stage Fines #/hr ¥7RY Subtotal
Carbon Less N2 in Solids discharge
Ash Total N2
Hydrogen Dry Reactor Gas mol/hr A3 mol/hr
Sulfur N,
Nitrogen co
Oxygen CO2
Ste. to Grid FR 903 mols/hr l‘l2
Stm. to Heater FR 904 mols/hr CH,
HIS
Reactor Gas Condensate s mol/hr
I' NS T I T UTE F A S T ECHNOLOGY
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- © +AAG HEAT BALANCE WORKSHEET

Rev. 8/16/78

Basis: 77°F

Run No. Date Time Period
. N ouT
Coal Feed, Dry 70°F #/hr Reactor Gas
Moisture 70°F #/hr °F
N2 Purge, 70%F #/hr Nz mols/hr
FR 905, Grid Gas F mols/hr co mols/hr
N2 CO2 mols/hr
02 H2 mols/hr
Steam ) CH4 mols/hr
FR 903 P. OF. Steam mol/hr H2$ mols/hr
FR 906, Vent, gas v pol/hr H,0 mols/hr
: N Solids
% A Bed Inv. °f #/hr
Stean C-7 Discharge °F */hr
FR 9304, P. UF, Steam wol/hr C-4 Discharge o '/hr
FR 9405, Center jet gas °F mols/hr 2nd Stage Fines oF */he
N2 3rd Stage Fines °F f/hr
zzeam R. G. (Sensible Neet)
FR 9303 N,/0, 70°F mol/hr N, - Btu/hr
Coal Co = Btu/hr
—gensible Heat = Btu/hr COZ * ?tu/hr
Heat of comb = Btu/hr H - Btu/hr
Mois. Enthalpy = Btu/hr Gy - Btu/hr
st ® 4 Btu/hr
No Purge
Purges = Btu/hr R. G. (Heat of Comb.)
. CO = Btu/hr
Grid Gas H, = Btu/hr
Sen. Heat N2 = Btu/hr CHA N Btu/hr
Sen. Heat 0, = Btu/hr Hys Btu/hr
905 Stm. Enthalpy = Btu/hr Total R.G. Btu/hr
903 Stm. Enthalpy = Btu/hr
Total at Grid Btu/hr Solids (Sen. Heat)
ABed = Btu/hr
Yenturi Gas C-7 Dis. = Btu/hr
Sen. Heat N, = Btu/hr C-4 Dis. = Bta/hr
Sen. Heat 02 : Btu/hr 2nd Stage Fines = Btu/hr
906 Stm. Enthalpy = Btu/hr 3rd Stage Fines = Btu/hr
9304 Stm. Enthalpy « Btu/hr Soilds (Heat of Comb.)
Total at Venturi Btu/hr ABed = Btu/hr
Center Jet C-7 Dis. = Btu/hr
Sen. Heat N2 = Btu/hr C-4 Dis. = Btu/hr
Sen. Heat 0, = Btu/hr 2nd Stage Fines = Btu/hr
9405 Stm. Enthalpy = Btu/hr Srd Stage Fines = Btu/hr
Total at Center Jet Btu/hr Total Solids Btu/hr
Total In Btu/hr Wall losses Btu/hr
t - In= Btu/hr
(:uBalance = (Out/In)x100 . Total Out Bru/hr
I' NS T 1 T UTE O F A S T ECHNOL OGY
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v

S

A9 017 0NWHDOS3 L

N, mol/hr
co

Co, .

H,

CH,

1,0

H,S

FEED

C ib/hr
H
(o]
S

N

ASH
MOIST.
TOTAL

GRID GAS
N ~

0,

H,0 -

——

mol/hr

mol/hr

mol/he

QUENCH H,0
e _ mol/hr
/;' >~
1
%
vy
L
T4
v-J
i
]
Y
;
d
d
g
TOTAL N, PURCE_
N2
T - Y VENTURI CAS
N,
0,
‘ H30

ASH
c 1b/hr

ASH

Material and Energy
Balance Summary Sheet

LU

~mol/hr “
PRODUCT GAS
i N, mol I
co
. COo2
N H,

CH,

H2S
2ad STAGE DUST Jrd STAGE DUST
C 1b/hr C 1b/hr
ASH ASH
S S

ASH CARBON |NITROGEN |[OXYGEN |HYDROGEN! BTU/HR

Feed
To Venturi
To Grid
To Reactor
Purges
TOTAL INPUT, Lb/Hr
‘Wall Losses

Venturi Discharge

Bed Discharge

2nd Stage Fines

3rd Stage Fines

Bed Inventory Change

Reactor Gas

TOTAL OUTPUT, 1b/hr

NET (OUTPUT- INPUT)

% Balance, Output/Input
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AAG OPERATING CONDITIONS SUPMARY

Run No. Date Time Period to
Venturi Diameter inches Feed Material
Cyclone Fines Collector: , Internal External

1 Average Fluidized Bed Temperature, °p

2 | Average Reactor Pressure, psig

3 Venturi Pressure Drop, -psi

4 Superficial Vei;city,-ft/sec'
S Freeboard Velocity, ft/sec

‘6 | Venturi Velocity, ft/sec

7 | Grid Gas, mol/hr

8 | Grid Gas Composition: %N,

9 %0,

10 . %Steam
11| Venturi Gas, mol/hr

12 Venturi Gas Composition: %Nj
13 $0;
14 $Steam

- Fluidized Bed Density, 1b/CF

16 ; Fluidized Bed Height, ft

17 | Feed Composition, .

#/hr, $C/%Ash

18 { Average Fluidized Bed Composition,

f/hr, MC/%Ash

19 | Bed Discharge Composition,

#/hr, %C/%Ash

20 i Venturi Discharge Composition,

#/hr, %C/%Ash

21 | 2nd Stage Fines Composition,

#/hr, $C/%Ash

22 | 3rd Stage Fines Composition,

23 | Carbon/Oxygen (Weight Basis)

#/hr, SC/%Ash

24 | Carbon/Steam (Weight Basis)

U.S. Sieve Size, 5| ¢ 112 20 |40 |70 |140 | 270|Pan | 200|230 po.8| 40|20 f10 | S

- A T} M ] ]
Feed
Fluidized Bed
Discharged Bed
Ash ‘
2nd Stage Fines
Ird Stage Fines |

“Rew. b/14/78
I' NS T I T UTE O F T ECHNOLOGY
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L

+ INSTITUTE OF GAS TECHNOLOGY
LOW-BTU PROGRAM .

PROCEDURE
FOR MAINTAINING BED TEMPERATURE

STEP

ACTION

REMARKS

A. Stoppage of Feed:

Under steady.flow during the gasification process the bed
temperature rarely changes significantly.  However, sharp rise of
bed temperature can occur due to the following causes:
(N.B. - Reactor high temperature had been set at 2000°F. At
this temperature steam -Or N, will be automatically injected 4
reactor through 904 loop until it is reset. Therefore
be certain that loop.904 to air heater is open and 904 switch
is on '"on" position.) ‘

Monitor WR 916, If it indicates that the hopper is empty, start
recirculating feed to hopper.

If hopper if full check the following:
- Operation of the screw feeder to weigh drum.
- Operation of reactor screw feeder.
- Scale cycle and operation of pneumatic valves, C, vent.
- L-valve. '

It is always safe to idle the unit (refer to idling procedure)
while feed problem is being rectified and re-start the
gasification process afterwards.

B. Loosing Bed Height:

Check bed discharge rate and C, discharge rate. Reduce discharge
rate while monitoring bed ash content.

Increase feed rate to maintain 4 feet of bed height.

C. Loosing Steam Pressure:

Maintain 70 psig steam by adjusting PR923.

Increase steam rate through loop 903 to re-establish pre-
determined temperature.

@]

1
VNS T I T UTE O F G A S T ECHNOLOGY

Page 1 of 2




STEP ACTION REMARKS
A i

3. While on steam/oxygen gasification reduce oxygen flow and monitor
superficial velocity. l

4. In case of total loss of steam start shut down (refer to specific!
procedure) i
D. Onset of Clinker Formation: |

1. If any one of the bed thermocouples suddenly shows a sharp rise

N § T

T U T E

o

in temperature this indicates the onset of clinker formation.
Start idling the unit.

Some times the bed height suddenly increases slightly without :
significant rise in temperature.
vnser ot clinker formation.

This <€ould also indicate the

A

Page 2 of 2
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Rev.

INSTITUTE OF GAS TECHNOLOGY

‘ LOW BTU PROGRAM _
- PROCEDURE

FOR SWITCHING FROM COKE TO COAL

8.15.78

STEP ACTION -REMARKS

1. Activate silo (A) level indicator and determine the
quantity of coal available.

2. Be certain that silo (A) hopper is full.

3. If in doubt, fill up hopper:

- Flip flap gate to "A" position.

- Turn on bucket elevator and feed transfer conveyor.

- Open silo (A) discharge valve (V0'-42). This valve is used
regulate the filling rate of hopper.

Caution: If valve is opened too much, large quantity
of coal might jam the bucket elevator causing
lengthy stoppage.’

- 30 minutes lead time is needed prior to
feeding coal to reactor.
If hopper is full:
- Flip flap gate to "A" position.
- Turn off screw feeder from Silo (B) to weigh drum.
- Switch silo selector to silo (A) position.
- Turn on screw feeder from silo (A) to welgh drum (automatic
position).

4. Watch weigh recorder (WR 916) for filling rate of C-1. If it is {
zero, you have a problem on hand try to locate source and take §
appropriate action. }
While working on coal feeding problems, use coke to feed the i
reactor to maintain bed height by: :
- stop screw feeder from silo (A) to weigh drum. ?
- Start screw feeder from silo (B) to screw feeder (Automatic !

position). ;
N.B. - Coal recirculating to silo (A) hopper should be done while
] coal is being fed to reactor.
Switching from coal back to coke after idling the unit (low
reactor temperature) requires draining of L & C,, before
proceeding to feed coke.
Page 1 of fl
. ]
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»

Rev. 8.15.78

INSTITUTE OF GAS . TECHNOLOGY

LOW BTU PROGRAM

PROCEDURE
FOR MAINTAINING BED HEIGHT

!
l

STEP

ACTION .

| REMARKS

A. (To raise bed height).

Increase RPM of reactor screw feeder. Do not set this speed
higher than the rate of filling C-1.

Check the rate of bed discharge and C-4 discharge. Reduce these
rates if necessary to raise bed height. ’

Once the desired bed height is reached maintain bed by adjusting
reactor screw feeder BPM.

B. (To Lower bed height)
Reduce speed of reactor screwfeeder to minimum RPM.

Adjust gasification media accordingly to maintain desired bed
temperature and superficial veiccity.

Check the rate of C, discharge. Increase C-4 discharge if neede
Bed discharge line can also be activated in case immediate
reduction of bed level is required.

N.B. Experience shows that discharge cycle set on timer
{15"-open; 18'—closg equals approximately 70 lbs/cycle
at reactor T =1850 F, P = 10 psig, 10 mols/hr N, thru 9361

Once the desired bed height is reached, maintain bed level by
adjusting reactor screw feeder RPM.

d

)
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Rev. 8.15.78

INSTITUTE OF GAS TECHNOLOGY
LOW BTU PROGRAM

! ¢ PROCEDURE
FOR SWITCHING FROM STEAM/AIR TO STEAM/OXYGEN GASIFICATION
AND VICE VERSA
Step _ Actions : Remarks
A. Oxygen Stream

1. Open all block valves from oxygen tank outlet to AAG building
main oxygen supply valve VO'-101.

2. Set oxygen pressuré regulator at 70 psig.

3. Check FIC 938 and FR 938 for zero reading. (Iﬁ needed,
have Panellit zerocheck them.) Be certain that
instrument air is on. : -

4. Check 938 loop. Bypass valve V13'-33 must be closed. Open V13'-84
and V13'-83. :

5. Open oxygen main supply valve 0'-101.
B. Steam Flow

1. Be certain that all block valves on 904 loop to the air heater

are open. (Except 904 bypass valve V13'-49, V13'-74, V13'-45, and V13'-46).

2. Steam injection 904 system is on '"'ON" position:

3. Check FIC 904 and FR 904 for zero reading. Be certain that instrument
air is on.

C. Switching from Steam/Air to Steam/Oxygen

1. Flip air pressure bypass switch PSL 960 to ON position.

2. If O, is used ét the 9303 jet, close N& manual sfation v21'-112, V21'-113

and open vent V21'-114.

Page 1 of 2
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Step

10.

11.

Actions Remarks

Switch FIC 904 to manual position. Open FV 904 slightly to
have 10 mols/hr of ste€am. Set FIC 904 on "Automatic' position.

Open main vent valve (VO'-5) slightly.

Switch FIC 938 to manual position. Open FV 938 slightly to have
2 mols/hr of oxygen.

Press "Oxygen-On'' buttom on the panel board. Green light indicates
the solenoid valve is open and oxygen is flowing.

Monitor FR 904 and FR 938 for correct flow. After the steam and
oxygen flows have been established, switch FIC 938 to "automatic"
position.

Raise flow through 904 and 938 slowly in corresponding ratio while
intermittently opening manual vent (VO'-5).To monitor the pressure
of the steam/oxygen stream on PIC 901, switch 3-way diverter

valves on panel board to steam/oxygen mode and to PT 901.

As the steam/oxygen flow increases, air flow decreases as indicated on
FR 995. When flow 904 and 938 reach the desired set point, close
main air inlet valve to heater V13'-42.

Adjust 904 and 938 flows to maintain bed temperature and velocities.

IMPORTANT: In emergency hit the "Oxygén Off" button on the panel
board. Red light indicates oxygen is off.

Turn off compressors. (Refer to specific procedures)

D. Switching From Steam/Oxygen Back to Steam/Air Gasification
Turn on compressors (refer to specific proce&ures).

Switch 3-way diverter valves to steam/air mode and to PT 9337.
Set PIC 901 at 20 psi and on automatic operation.

Open main air inlet valve YO'-1.

Decrease flows through 904 and 938 to maintain steady flow at
905 and 906.

Check to be certain N; manual station to 9303 is open.

Cut off oxygen flow by hitting "Oxygen Off' switch.

Reduce FIC 904 to zero.

Once steady flow is restored, flip PSL 960 to OFF'position.

Page 2 of
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INSTITUTE OF GAS TECHNOLOGY

1.OW BTU PROGRAM

Rev. 8.15.78

PROCEDURE FOR IDLING THE UNIT

1. Introduce sfeam
2. Introduce steam
3. Turn PSL 960 to
4. Reduce air flow

5. Turn off oxygen

to air heater through FR 904

to venturi through FR 903 &nd FR/9304
"ON'" position

to the reactor as you increase steam
if it is being used

is turned off

6. Make sure Né is flowing through FR 9383 when 0,

7. Introduce enough steam into the reactor to sustain fluidization
(about 50 moles)

8. Close the 4' brass valve (V13'-42) on 13! levél to isloate the

compressor and to prevent steam from getting into the compressor.

9. Turn off the feed

Page 1 of 1
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SHUTDOWN PROCEDURE FOR
ASH AGGLOMERATING GASIFIER

Run No. . ‘ .- L ' : Date -

Time

Reason for Shutdown

Action: . . o . . . = T - - TInitial

1. Divert N, to FE9303 (1f 0, is being used) by using SW9303¥

2 2

2. Turn off O, valve at the panel and all valves related to‘O2
' flow on the O2 pad and in the building.

3. Divert all dust from-second and third stage cyclones to the
bypass. :

4, Divert steam flow in FE904 to the grid and FE903 to the
venturi. Turn off feed.

5. Introduce flows in FE903 and FE904 while simultaneously
reducing air flow to FE905, FE906, and FES40% to sustain
fluidization,

6. Turn off air heater.

7. Close 4" brass block valve V13'-42 on 13'-10" level, as
FR 905, 906 and 9405 approach zero.

8. Flip all pressure switches PSL959, PSL960, PSL954 and vent
valve bypass to "on'" position.

9. Turn off compressor (Joy) and its. cooling water pump.

10. Tell analytical lab to turn off.
11. Close V59'-6.

12, Turn off FI920A, FI920B, and FI9348.
13. Close FV934.

14. Let reactor cool down to 1000°F with steam before attempting
to remove the bed. ‘

15. Remove the bed either through the venturi or bed discharg
line. . :

16. Switch to 'Nz at FE903 and 904.
17. Turn off flow to FE903 and reduce flow to FE904 to 5000 SCFH.

18. Drain lst and 2nd stage quenches of any solids or water.
Make sure that they are empty. Leave them open.
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Shutdown Procedure for Ash Agglomerating Gasifier

19. When the reactor temperature drops to 800°F, close the
block valves upstream of TV917 and TV9330. Close BFW bypass
and valve downstream of quench pump (V21'-120 § V21'-125).

20. Remove spool piece from natural gas mainline and install
blind flanges to prevent all flow.

21. When the reactor temperature as indicated by TE9206.13 drops

below 600°F, start opening. the manways. Follow manway
opening procedure from this step onward.
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Run #

AAG REACTOR MANWAY OPENING PROCEDURE
Initial/Date

Start plant air to reactor via start-up burner when TE-9206-13.

reaches 600 F. If temp rise gceurs and lasts for 15 minutes, stop
air flow, cool reactor to 500 F, reintroduce air flow for 15 minutes
to check again for temp rise. ~

Comments : >

Blast with N, through bypasses on FI's to all purges on internal,

second, and %hird stage cyclone diplegs to clear pressure taps of
dust.
Comments :

Turn off all flows to unit including main N,. Remove spool piece
and install blied flanges to block all N2 low to reactor system.
Notify HYGAS we are no longer using Nj.

Comments.

Obtain signed approval from shift eng'r to open reactor. Send
copy to ghift supervisor.
- Open blind flange on reactor outlet "T" by loosening all bolts,

then loosening flange. When assured that any residual pressure
has. been relieved, remove bolts and then flange.
Comments: -

Open upper manway. Follow Procedure of Item 5. Insert air mover.

Comments:

Open lower manway. Follow procedure of Item 5.

Comments:

Open valves below venturi to help draw cool air to reactor.

Comments:

Check PT's and PR's for zero reading.
Comments :
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10. Check all PDT's and PDR's for zero reading.
Comments:

11. Check all local gauges for zero reading.
Comments:

12. Add o0il to automatic valve oilers on 21', 29', 39', 50', and 59
level with DTE-24 oil.
Comments :

13. If the mahways are open and the reactor temperature begins to rise
(bed material oxidizing), put nitrogen through 905 & 906, and post
a sign at each manway that nitrogen is in the reactor.

14. Before proceeding with the reactor check list, check the refractory
to insure that none will fall while working in the reactor.
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Feed Sample

Once feed to the reactor has started, the feed sample is to be taken

every four hours unless otherwise specified. The sample point 1is located
on. the 39' level under the reactor screw feeder directly below the C-8
hopper. The sample is trapped and isolated by use of two 3" ball valves
and then discharged through a 4" pipe line to be collected in a 5- gallon
pail at grade level.

The procedure is as follows: See Figure D—l'\;

Place an empty 5-gallon pail beneath the feed discharge line at grade
level.

At the 29' level, the feed discharge line ‘branches off into two separate
lines. One line goes to grade level inside the building where the
sample is collected, and the other goes to grade level outside the
building. Open V29'-78 (4" knife gate valve block) and close V29'-79
(4" knife gate valve block) so the sample will be collected inside the
building.

At the 39' level make sure V39'-51 (3" ball valve) is closed, then open

©V39'-52 (3" ball valve directly below screw feeder).

Wait several seconds for the section of 3" pipe between V39/-52 and
V39'-51 to fill with feed sample, then close V39'-52 to isolate the
sample from the reactor.

CAUTION: At no time should V39'-52 and V39'-51 both be open allowing
reactor pressure to escape through sample discharge line.

Next, open V39'-51 to discharge the samble to a 5-gallon pail.
When the 3" line between V39'-52 and V39'~51 is empty, close V39'-51.

Collect a quart sample from the 5¥ga110n pail.. Label it "Feed Sample",
"Coke", or '"Coal". Mark the correct time, date, and run number. Record
the sample in the running sample log.

NOTE: After the feed stock to the reactor has been switched from coke
to coal or vice versa, the next sample taken should be discarded due -
to possible residual feed sample in the feed discharge line directly
above V39'-52. After discarding the first sample, resample and properly
label the 'second sample. : :
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1.

2.

10.

11.

12.

© *CAUTION: Face shield or goggles must be worn when taking sample. |

'The bed sample tap is located on the 29' level and a sample is taken
every hour, once autogenous reaction has begun. The procedure is as follows:
See Figure D-2..° ‘

. close V29'-58 if the N, blast is on.
" .Close V29'-160.

~Open v29'-55,

_the sample in the running sample log.

Bed Sample

Place an empty sample pot under the outlet of fhe sample discharge line.
Place the cooliﬁg éoil in the pot and establish the flow on FI 9404.

Close V29'-55 on the sample tap liﬂe if open.

Oﬁen block valve V29'-54 on the ;ample d;ain line 1if closed.

Open V29'-160, if it is closed (the valve should stay in the open position).
Close V29'-163 sight pért block &alve if opén.

Rapidly swing open, closed V29'-55. Reactor pressure will move the sample
through the 1" line to drain to the sample pot.*

If the sample does not move freely through the 1" line, use nitrogen from
V29'-58 to aid sample flow.*
When 1/2 to 1 quart of sample has been collected and V29'-35 is closed,

2

After the sample has cooied, turn off the N, flow through FI 9404 to the
sample coil. Remove the coil and place the“sample in a quart jar. Label it
"Bed Sample'. Mark the correct date, time and run number on label. Record
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2nd Stage Fines Sample

- Once autogenous reaction has taken place the second stage fines sample

is taken every four hours unless otherwise specified. The sample is taken
at one of two points, 1) at the bottom of the C-5 hopper, grade level, when
fines are not being reinjected into the reactor, and 2) directly from the

cyclone dipleg line at the 39' level when fines are beéing reinjected.

The procedure for taklng a sample when fines are being collected at

grade level 1is as follows:

See Figure D-3.

1. Close the V0'-~106, 2" ball valve.on the outlet of the C-5 hopper to allow
dust to collect ih the hopper if the valve is not already closed.

2, While waiting for dust to collect in the hopper, screw a sample jar onto
the sample cap attached to the 3/4" line out of the bottom conical section
of the C-5 hopper.

3. Open.V0'-100 carefully to allow sample to flow from the C-5 hopper into
the quart jar. (Rapid opening and closing of valve works best to obtain
a sample without plugging sample line.)

4, When the jar is half full, close V0'-100 and remove the jar and label it
"2nd Stage Fines". Mark the correct time, date and run number on the label.
Record the sample in the running sample log. .

The procedure for taking a sample when fines are being reinjected is as

follows: - See Figure D-4.

1. Connect a clean sample container to the sample line using two pipe wrenches
to tighten the 1'" connecting union. : :

2. Open V39'-94 block valve on the dust sample collecting line to the sample
container.

3. Partially open the V39'-95 vent valve on the sample container to assure flow
of dust into container.

4, Determine when the container is full by observing discharge from vent, then
close the V39'-94 block valve on the sample line and disconnect the container
from the line.

5. Label the container, "2nd Stage Fines - reinjection'. Mark the correct time,

date and run number on the label. Record the sample in the running sample
log.
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3rd Stage Fines Sample

The third stage fines sample is taken every four hours once autogenous

operation has been achieved.

The sample is taken at one of two points: (1) at grade level at the

bottom of the C-6 hopper when 3rd stage cyclone fines are being collected, and
{2) at the 29' level when 3rd stage cyclone fines are be1ng reinjected into
the reactor.

10.

11.

The procedure for sampling when fines are being collected is as follows:
See Figure D-5.

Close the VO'-112)2" ball valve (block valve) on the outlet of
C-6, if it is not already closed, to collect dust in the C-6 hopper.

While fines are collecting in the hopper, screw the sample quart jar
onto the threaded top attached to the 3/4" line out of the bottom conical

section of the C-6 hopper.

Carefully open VO'-105 to allow sample to flow into the quart jar. (Rapid
opening and closing of valve works best to obtain a sample without
plugging sample’line.

Collect 1/2 jar and then close VO'-105. Remove the jar. Label it:
"3Ird Stage Fines'., Mark the correct time, date and run number on the
sample label. Record the sample in the running sample log. '
When fines are being reinjected, the procedure is as follows:

See Figure D-6.

Connect a clean sample container to the sampling line coming directly off the
3rd stage cyclone dipleg by means of the 3/4" pipe union provided on line.

Open V29'-129, block valve on the sample line out of the 3rd stage dipleg.

Open V29'-127, vlock valve on the sample centainer.

Partially open the V29'-126,vent valve on the sample contalner to assure flow
of fines into the contalner .

Determine when the container is full by observing discharge from the vent,
then close V29'-127 and clean the sample line with an N, blast from

V29'-128.

When the sample line into the dipleg is clear, close V29'-129/
Close N, blast valve V29'-128.

Remove the sample container.

Open V29'-128 and then open V29'-129 to clean the sample line to the dipleg.
When the line is clear, close V29'-129.

Close V29'-128.
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3rd Stage Fines Sample, Continued

12, Transfer the sample to a quart jar. Label it: '"3rd Stage Fines'.
Mark the correct time, date and run number on the sample label. Record the
sample in the running sample log.

13. Connect a clean sample container to the sample line.
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. Reactor Gas Sample*

\

The Reactor Gas is monitored continquslyfor 02, C02, co, H2 and Methane,

once the start-up burner has been lit. . A reactor gas sample is taken

every four hours once autogenous state has been reached.

The sample is taken from the reactor at the upper-most nozzle oﬁ

the east side of the 39' level. See sketch of sampling system, Figure D-7.
. The sampling system is operated by the analytical group only.

The analytical group is to be notified by the shift engineer as soon as
feed to the reactor is started so that the sampling system and analyzer can

be readied.

The analyzer outputs are monitored in the control room on the analyzer
recorders. Any unusual readings should be reported to the analytical group

for verification. The analyzers are calibrated daily.

*  If anything appears amiss with the above .equipment, notify the
shift engineer immediately as reactor gas could be leaking into the
AAG building.
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Product Gas Condensate Sample

Once an autogenous stage has been reached, the product gas condensate is

collected continuohsly and a sample is taken every 8 hours.

The sample is used to test for sulfur, other inorganic and organic' compounds

and the amount of condensate collected.

The sample is taken off the product .gas line at the 21' level. See sketch
of sampling system, Figure D-8, -

The sampling system is operated by'the analytical group only.

The analytical group is to be notified by the shift supervisor as soon

as the start-up burner is 1lit, so that the sampling system can be readied.

No monitoring of the system by AAG personnel is necessary, but if
irregularities'or leaks.are noticed in the sampling system, they should be
reported to shift engineer so the analytical group can be notified to take

corrective action.
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Venturi Discharge Rate and Sample

The venturi discharge is taken every hour on the half hour starting when
feed to the reactor begins. A sample of this discharge is taken every two
hours unless otherwise specified. This discharge is weighed in 55 gallon
drums and all weights are recorded on the C-4 discharge sheet. (The solids
actually discharge from the C-4 hopper into the drum.) All C-4 drums are
labeled with correct. run number and drum number.

When FV999 is open and VO'-41 is closed, the C-4 discharge and sampling
procedure is as follows:

See Sketch Figure - D-9.

1. Set the solenoid operated nitrogen blast purge (SW 999) to FV 999 for
automatic operation. ‘

2. Close FV 999, (HPB 999)(the slide gate val&e between C-3 and C-4), then
the FV 999 limit switch will activate the 'closed" light.

3. When the "closed" light assures that the FV 999 is fully closed, open
PV 9350, the solenoid operated C-4 vent valve. The EL 9350 light will
glow red. : -

4. When PI 908 indicates less than 2 psi in the C-4 hopper, slowly open
VO'-41 (valve below the C-4 hopper) to release any residual pressure
not indicated on PI 908. Use a scoop to sample the discharge as it flows
from the C-4 hopper into a tared and correctly labeled drum.

5. Put the scoop with the éample on the scale top for observation while
cooling.

6. Before VO'-41 is fully opened, but after the material has drained from
C-4, open VO'-140 (N, blast to V0O'-41) and adjust the purges to the
bonnet and seat by usSing V0'-~87, VO'-88 and VO'-89 to clear the valve
of any residual discharge.

7. Open VO'-41 fully to assure the C-4 hopper is empty; then close VO'-41
after the C-4 hopper is certainly empty. If VO'-41 is properly closed,

the N2 flow at V0'-140 will stop. Listen for this stop.

8. Close VO'-140 (N2 blast to VO'-41).

9. Close PV 9350. EL 9350 must stop glowing or the vent is not closed.

10. Open FV 999 (slide gate between C-3 & C-4 hoppers); an "open' light will
‘indicate FV 999 is fully opened. PI 908 will now indicate the pressure
in C-4.

11. Discharge is now complete and the weight of the C-~4 drum can be logged.

12. When the sample cools, place it in a l-quart ja?® and label it "C-4". Mark
the correct time, date, and run number. Record the sample in the running

sample log.
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A)

B)

c)

D)

Bed Discharge Rate and Sample

See Sketch Figure D-10

Turn off the bed discharge timer (TCC 9349) on the push-button panel in
the Control Room and close the block valve (V21'-82) below the 3"

automatic bed discharge valve FV 9349. (21'-6" level.)

At the ground level —

1.

Open the C-7 hopper vent solenoid (S—9390) The red light must begin
to glow.

Open the valve (V0'-48) below the C-7 hopper and wait until the
material is drained into the 55-gallon drum. Use blast valve
V0'-93 to clean the solids from VO'-48. .

Close the valve belbw C~7 and close the C-7 vent valve.

‘Weigh the discharged material and record the weight on the C-7

discharge sheet.

Take a one~quart sample of the bed discharge material from every
filled drum.

- Open the block valve below the 3" automatic bed dischafge valve and turmn

"on the bed discharge timer at the push-button panel.

If the material is discharging from the bed:

1.

2.

PDR 912 will indicate a continuous lowering of the bed level.
TI 9207 will indicate a rise in temperature to 500°F or higher.

The bed ash content should fall to a lower level than in the previous
hour.
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EMERGENCY SHUTDOWN PROCEDURE IN CASE OF
HIGH TEMPERATURE IN THE REACTOR

Examine the temperature chart (TR 9206) to determine if the bed rise is
uniform throughout the bed or localized.

If the temperature is localized and if the formation of clinker is apparent,
start shutdown procedure. -

If the temperature rise is uniform throughout the bed, ‘follow the idling
procedure.

Determine ash content of the bed.

If ash content' of the bed exceeds 30%, drop 600# of bed material and
feed equivalent amount of fresh feed to lower the ash content of the bed.

Resume normal operations as the bed temperature approaches 1400°F uniformly.
During any procedure or by human error, if the bed gets defluidized and

does not get refluidized either by steam or air, start shutdown procedure
immediately.
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EMERGENCY SHUTDOWN PROCEDURE IN CASE OF
' " LOSS OF STEAM

In the event of loss of steam pressure, PSL 959 will shutdown the

~ compressor and oxygen valve.

Introduce N, to the air heater through FR 904 immediately to sustain
fluidization. Turn off the feed.

Inform HYGAS of steam shutdown.
Restart the unit when steam returns.

If during steam shutdown, bed gets defluidized due to loss of air,
and if it does not refluidize after steam resumes, start shutdown

procedure immediately. /
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EMERGENCY SHUTDOWN PROCEDURE IN CASE OF
LOSS OF PROCESS AIR

1. In the event of loss of process air, PSL 960 will shut down air heater,
close the 6-inch cylinder valve and activate N2 blast in the venturi.

2. Implement the idling procedure.
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EMERGENCY SHUTDOWN PROCEDURE IN CASE OF
LOSS OF POWER

Loss of power would shut down the,éompressor which in turn will

activate PSL 960 to turn off air heater and close the cylinder valve.

I1f the loss of power is momentary, restart the compressor immediately,

turn on the air heater and resume normal operation.

If the bed gets defluidized due to loss of air compressor and does not refluidize

with air, start shutdown procedure immediately.
|
!
\
\
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EMERGENCY SHUTDOWN PROCEDURE IN CASE OF

LOSS OF NITROGEN

Loss of nitrogen would result in the loss of all-the purges, loss
of flow in the 9303 loss of atomizing nitrogen in the

quenchers, and probable loss of feed if L-valve is in operation.

Start idling procedure.

Inform HYGAS about N, pressure failure.

When N, is resumed, determine the number of plugged pressure taps,

nozzles, and jets.

If the extent of plugging is not extensive, resume the normal run

operation.

If many nozzles are plugged, start the shutdown procedure.
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EMERGENCY SHUTDOWN PROCEDURE IN CASE OF
LOSS OF FEED

~—

1. Loss of feed would result jn rise 6fthe bed temperature and in possible
damage to the reactor feed screw.

2. Turn off the reactor feed screw.

3. Start idling procedure.

4. Determine the cause for feed failmre.
5. Rectify the feed problem.

6. Resume normal run operations.
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